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Key findings of the literature review

This literature review has been produced as part of the 2018-9 UK Public Attitudes to Science (PAS) study,
funded by the UK Department for Business, Energy, and Industrial Strategy (BEIS). Responding to ongoing
interest in public support for science and technology in the UK and other technologically-advanced countries,
this round of the UK research follows earlier studies in 2000, 2005, 2008, 2011 and 2014, and is part of a
growing international body of national PAS studies and academic work. The objective of this literature review
is to identify and present broad-based narratives from the public attitudes to science, technology and
engineering literature. The review focuses on the UK, within the context of other technologically-advanced
countries. The review particularly emphasises studies that were conducted since 2010. The review
methodology drew on the principles of Rapid Evidence Assessments.

Key findings

1. The literature review reveals a contrast between public attitudes towards science and scientists, in
general, and attitudes to the ways in which particular manifestations of science and technology are
managed by government and other institutions. While the former tend to be very positive, the latter are
much more mixed. This is a key issue for policy-makers.

2. In this context, Smallman’s (2018) empirically-grounded concept of ‘contingent progress’, to
encapsulate public attitudes, is helpful: ‘science and technology are seen not only as producing goods
and solutions but also as producing (unforeseen) problems, problems which are as inherent to the
technologies as the benefits they bring, where industry is a necessary but distorting influence that needs
to be managed by the state’ (p670). Equally helpful is her empirically-grounded encapsulation of the
policy and expert view as ‘Science to the Rescue’: ‘science is a driver of our economy and
competitiveness and can solve our problems and deliver social goods; social and ethical issues are
public matters relating to risk and understanding that stand aside from the technologies themselves and
can be quantified and resolved by more research or information’ (pp669-70). The review draws attention
to the disjuncture between these attitudes as a factor in determining public attitudes to science. This is
also a key issue for policy-makers to consider.

3. Scientists, researchers and engineers are among the most publicly trusted individuals and professions
in technologically-advanced countries. Some UK evidence indicates that this trust increased between
2011 and 2014. Scientists working in universities are more trusted than scientists working for
environmental groups and charities, and these in turn are more trusted than scientists working for the
government and in the private sector.

4. However, there is evidence that UK public trust in the management of science and technology is more
mixed and contingent. Here, terms such as ‘resigned trust’ have been used in reports, and trust in the
government to respond to public interests and values (as opposed to government and commercial
interests) does not appear to be secure. This is clearly an important issue for policy-makers to consider.

5. Research often shows that, although faith in the idea that people with more knowledge about science
and technology will be more supportive has been officially rejected, in practice information provision is
often the dominant tool for the promotion of novel technologies.

6. In addition to trustworthiness, publics in the UK and other technologically-advanced countries tend to
attribute a range of other positive characteristics — such as respect and prestige — to scientists and
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

engineers. When compared with other professions, science and engineering tend to fare relatively well.
There are indications that engineering continues to be perceived as a male profession.

Science, technology and engineering are recognised by publics in technologically-advanced countries
as important to society, including when compared to other professions.

That said, there is evidence in one report that science and technology is not seen as important to
society at the local and community level. This may be a key point for policy-makers to consider.

Given this widespread acknowledgement of the importance of science and technology, it is notable that
studies in technologically-developed countries often show that sizeable minorities among the public feel
that the pace of technological change is too fast and that more reliance on faith is important as opposed
to science (there are sometimes small majorities with respect to the pace of change).

Young people in the UK appear to be broadly satisfied with their science education. Although the
science career aspirations of young people in the UK appear to be lower than some other professions —
such as business, and art and design — there is also evidence that they compare favourably to other
technologically-advanced countries.

Publics in the UK and other technologically-advanced countries are more familiar with science and
technology, as professions or practices, than they are with engineering.

A majority of people in the UK and other technologically-advanced countries are interested in science
and technology. The highest level of interest is in the medical and health-related sciences. Interest in
engineering is lower when compared with science and medicine.

In the UK and most other technologically-advanced countries in which this question has been asked,
although the internet is an increasingly important source of information about science and technology,
TV and newspaper still appear to be more important. In the US, the internet is the most important
source. In the UK, levels of public concern about media reporting of science issues are high.

In the UK, around half of the public feel informed about science and technology (this is replicated in
some other technologically-advanced countries) and around half do not feel capable of understanding
science and technology. In the UK, many people express difficulties about establishing ‘the facts’ about
science and technology;

More than half of people in the UK have participated in a science-related activity (this refers to activities
that are undertaken outside of school/college or work, such as visiting museums and attending science
festivals) in the past year (2014 and 2011). Participation levels are similar in a number of other
technologically-advanced countries for which data are available.

Consistently, more positive attitudes to science, technology and engineering — for example trust and
support — are to be found among men. This is also the case with respect to judgements of the
importance of, and interest in, science and technology. An exception to this is that interest in medical
science is higher among women;

More positive attitudes are also consistently reported among people from higher socio-economic groups
(variously measured). This latter point has prompted some — both recently and in the late 20th Century
— to emphasise the role of inequality and exclusion in shaping less positive public attitudes to science.
This may be an important point for consideration by policy-makers;

Based on the limited number of international studies available, the literature suggest the UK is broadly
similar to other technologically-advanced countries in terms of public attitudes to science, technology
and engineering;

Generally-speaking, following shifts towards more positive UK attitudes to science, technology and
engineering between 2000 and 2011, attitudes appear to be more stable between 2011 and 2014;
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20. The literature raises a number of conceptual and methodological challenges that characterise
international work on public attitudes to science. Conceptually, these include the observation that,
although attitudes to different technologies vary widely and are highly context-dependent, national PAS
research tends to focus on core sets of questions about ‘science’ as a unitary object. Methodologically,
these include poorly written questions (which are sometimes perpetuated to maintain the trend data).
Although qualitative research is now a feature of the national UK studies, the importance of context
presents a methodological challenge to move away from general survey questions about ‘science’ and
towards more nuanced qualitative research into the contexts within which people experience
technologies.
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Chapter 1 Introduction

Public Attitudes to Science (PAS) research: 2018-9

The institutions that govern UK science have paid considerable attention to the relationships between
science and society, in all their myriad forms, for almost 35 years. Responding to emerging concerns in the
early 1980s, this attention was invigorated by the Public Understanding of Science report (Bodmer, 1985),
which identified a lack of public knowledge about and public support for science as significant threats to UK
science and economic prosperity. Although institutional understandings of the roots of public concerns about
science have shifted somewhat since 1985, the broad-based concern about public support remains.

In response to these concerns, the institutions of UK science have supported a range of efforts to
understand UK public attitudes to science since 2000 (including Government funded studies in 2000, 2005,
2008, 2011 and 2014, and studies by Wellcome Trust and Royal Society), and have implemented extensive
public engagement strategies. Understanding UK public attitudes to science is seen as important because it
enables Government to:

. Understand and respond to public aspirations and concerns relating to science, technology, and
engineering;
. Support policies that look to increase the ‘science capital’ of the UK public (that is, the science-

related knowledge, attitudes, experiences and resources possessed by the individual);
. Understand public acceptability of new technologies;
. Inform public engagement strategies.

This literature review has been produced to accompany new quantitative, qualitative and social listening
research as part of the 2018 Public Attitudes to Science (PAS) study. The 2018 UK research was funded
and managed by the UK Department for Business, Energy and Industrial Strategy (BEIS). The BEIS team
was supported by a project Advisory Group. The objective of this new primary research is to understand
contemporary public attitudes to: science, scientists, science education and careers, science regulation and
policy, public engagement with science, and several key emerging technologies and technology-related
issues.

Objectives and scope of the literature review

The objective of this literature review is to present a review of the PAS literature. Within the context of the
national UK PAS research and in this review, the word ‘science’ broadly encompasses the following:

= Research and practice in the medical, biological, physical and natural sciences;
= Technologies, technological projects and technological applications;
= All forms of engineering research and practice’.

In the UK national PAS research, and in this review, the word ‘attitudes’ is typically used to imply:

1 The UK PAS research also touches on maths in the context of the value of maths education.
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= Trustin individuals (e.g. scientists, researchers and engineers) and professions or careers (e.g.
science, research and engineering);

= Trust in the regulation and management of science and technology;

= The extent to which a range of other characteristics are attributed to scientists and engineers;
= The importance or value of science, technology and engineering;

= Support for science, technology and engineering in terms of funding;

= Attitudes to a range of concerns and issues, such as the speed of scientific developments, and the
relationships between science, and faith or religion;

= Perspectives on science education and science careers;

= Public interest in science;

= Issues related to information about science, such as information sources;

= [ssues related to public engagement with science, technology and engineering.

In addition to these objectives, the review also addresses the wide range of factors that are understood to
shape attitudes to science and technology, from knowledge about science and demographic attributes, to the
ways in which science and technology are managed to worldviews. There does not appear to be a literature
on this with respect to engineering.

Drawing on a range of quantitative and qualitative research, as well as some research that is more
theoretical or critical in nature, the objective of the review is to identify and present broad-based narratives
within the research on these topics. At the same time, within the context of a large and diverse literature, the
review is inevitably selective and cannot hope to cover all aspects of these issues. In addition, it is inevitable
that themes are presented here in more simple terms than they are in the source materials. Apologies if we
have omitted or over-simplified your work!

The review focuses on the attitudes of adults, except Chapter 8 which examines the attitudes of young
people to science education and careers. The literature review takes an international approach, focusing on
the UK and placing the UK within the context of other technologically-advanced countries (the OECD
member country have been used as a proxy for technologically-advanced countries)?, to the extent to which
this is possible (the challenges of doing this are discussed in Chapter 2). The review focuses on English
language materials only. The implication of this is that national studies that are not available in English are
not included in this review; this may result in bias. With particular reference to the UK, again to the extent to
which it is possible, the review comments on trends over time, and on social contexts that might explain
trends.

The literature review primarily draws on empirical studies that were carried out since 2010 (the last UK
literature review was undertaken in 2011). That said, for the UK, trends over a longer period are reported. In
addition, in some chapters — in particular, Chapter 3, which focuses on theories and empirical work on what
shapes attitudes to science and technology — the review also draws on empirical, theoretical and critical
materials over a longer period. The review draws on both academic and non-academic (or grey) sources.
Secondary analysis of raw data was not an objective of this review; that said, in a number of cases, the
review draws upon cross-tabulations (some published, some unpublished) as well as study reports.

2 The 34 OECD countries have been used as a proxy for technologically-advanced, these are: Australia,
Austria, Belgium, Canada, Chile, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Iceland, Ireland, Israel, Italy, Japan, Korea, Luxembourg, Mexico, the Netherlands,
New Zealand, Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain, Sweden, Switzerland,
Turkey, the United Kingdom, and the United States.
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Methodology

The methodology drew on the principles of Rapid Evidence Assessments, with the aim of creating a rigorous
and comprehensive review — in terms of its scope and the depth of engagement with the materials — across
a wide range of topics.

Identifying the literature
The relevant literature was identified via the following methods:
1. The author’s already-existing knowledge of the literature;

2. Liaison with experts, such as: academics (John Besley (Michigan State University), Martin Bauer
(LSE), and Mike Schéafer and Tobias Fiichslin (University of Zurich)), the BEIS and Kantar teams, and
members of the Advisory Group;

3. lIssue-by-issue search of the key academic journal, Public Understanding of Science;
4. Google and Google Scholar were used to in the following ways:

o To purposively follow-up ‘leads’ from: the author’s own knowledge of the literature; the
advice of the experts mentioned above; and for snowballing (i.e. to find potentially useful
materials that were cited in materials that were already held);

o Although most of the literature in the review was sourced using the foregoing methods,
Google and Google Scholar were also used to conduct original literature searches using
search terms. Key search terms were derived from the objectives of the review and were
employed in multiple formats.

Quality control
Quality control was undertaken within the following contexts:

1. The literature on the methodological challenges associated with the large-scale national and
international PAS studies is reviewed in full in Chapter 2. Key among these challenges are: the lack
of context and contingency that is implied by a focus in survey questions on a unitary subject
‘science’; concerns about poorly-worded questions; and concerns about the use of quota samples
(which are less rigorous than probability samples. All of the national and international PAS studies in
this review are subject to these challenges to some extent. In addition, with respect to some studies,
the review author felt that some of the reported interpretations were inappropriate given the
questions on which they were based. The key implication of this is that it is perhaps inappropriate in
many cases to conclude that materials are either of ‘good enough’ quality or ‘not good enough’
quality. Instead, it is more appropriate to consider that while some aspects of studies are of ‘good
enough’ quality, others may not be;

2. Within the context that this is an international literature review, it is useful to note that some of the
national PAS survey English translations are in summary form only and do not provide much
information — beyond the sample size — on the methodology.

Within these contexts — and drawing on the experience and expertise of the review author — quality control
was applied by triangulating the following approaches:

1. The methodologies that were available — quantitative and qualitative — were reviewed for signs of
‘not good enough’ quality;

2. Academic journal articles were assumed to be of ‘good enough’ quality’;

10
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3. Materials that were recommended by academic and other experts, or are cited in materials by
academic experts, were assumed to be of ‘good enough’ quality’

4. Each question within each survey was assessed in terms of its quality. Survey questions that were
considered to be of insufficient quality were not used in the review

5. As is discussed elsewhere in the report, a key finding of the review is a noticeable homogeneity in
the quantitative findings between the UK studies, and many or most of the other national and
international studies. Broadly speaking, as this phenomenon emerged during the preparation of the
report, this was reassuring with respect to the quality of the individual materials.

On the basis of this triangulation, all of the materials in the review can be considered to be of sufficient
quality.

Analysis

The materials were analysed through close reading of and the extraction of statistical data (typically
percentages) and qualitative themes from reports and papers, and very often from cross-tabulations that are
publicly available or were helpfully provided by the original researchers and authors. No secondary data
analysis has been undertaken. Reading and data extraction followed the themes that are identified in the
objectives of the review. The statistical data was used to identify and present broad-based qualitative
narratives.

As it was developed, the review was discussed with members of the Kantar team, the BEIS policy and social
research teams, the Advisory Group and other key experts and stakeholders on an ongoing basis. In
addition to regular updates and discussion, formal and detailed discussion of the literature review took place
at the Kantar/BEIS inception meeting (19 July, 2018) and at an Advisory Group meeting (7 August, 2018).
Early drafts of the review were reviewed by Kantar and full drafts were reviewed by BEIS and by the
Advisory group.

Structure of the report

The report is presented in a series of relatively short chapters. The report opens with a summary of the key
findings, followed by this introductory chapter (Chapter 1) and a background chapter on international efforts
to understand public attitudes to science, and some of the methodological challenges therein (Chapter 2).
The report then — in Chapter 3 — moves on to a review of the key theories relating to how attitudes to science
and technology are shaped (this chapter draws on materials that pre-date the post-2010 empirical focus of
the review).

Following this, in four sections, the report examines public attitudes to science, technology and engineering
as broad social projects. In Chapter 4, the focus is on trust in individuals (e.g. scientists, researchers and
engineers) and professions or careers (e.g. science, research and engineering); here, comparisons are
made with other professions where possible. In the same chapter, trust in the regulation and management of
science and technology is also discussed; this an important element of the report because it raises a number
of challenging issues. Chapter 5 focuses on a range of other attributes or characteristics of scientists and
engineers; again, comparisons with other professions are provided where possible. The report then moves
on to a discussion of the public’s understandings of the importance or value of science, technology and
engineering, and public support in terms of funding (Chapter 6). Chapter 7 focuses on a range of concerns
and issues that often feature in studies of public attitudes to science (such as the speed of scientific
developments, and science and religion).

Thereafter, in three further empirical chapters, the report examines several issues that are more related to
people’s direct relationships with science, technology and engineering. Initially, perspectives on science
education and science careers are examined (Chapter 8). Then, in Chapter 9, the focus moves to the

11
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public’s interest in science, often in comparison with other topics or pursuits, and then to issues relating to
information about and participation in activities relating to science, technology and engineering (Chapter 10).
Finally, Chapter 11 offers a discussion of the key issues that have been raised in the review, as well as some
proposals for policy.

The social context for the 2018-9 research

In many respects, the social context within which science operates has not changed: novel technologies are
emerging (e.g. artificial intelligence and quantum technologies), public engagement activity is likely to
increase further, and certain technologies and practices are likely to remain contentious (e.g. genetic
technologies, and the security and use of personal data). At the same time, it is important to highlight some
broader and interrelated contexts that were not present — or were only nascent — when the 2014 survey was
carried out. These can be explored in the 2018-9 research and — to a much lesser extent — in this literature
review.

The first relates to the increasingly-held contention that we are living in a post-truth age, in which emotion
plays an enhanced role in establishing ‘truth’ or ‘fact’, society has an increasing disregard for experts and
political debate is compromised (Kakutani, 2018). Related to this, it is widely accepted that the increasing
proliferation of social media (beyond what was present in 2014) has been a key facilitator of the post-truth
era, due to its role in the easy dissemination of disinformation (either to encourage clicks in pursuit of
advertising revenue or to influence debates); though of course it is also important to note that social media
can be an incredible boon to public engagement with science. Further linked to this, there has also been an
increasing focus on the protection of personal data, especially with the advent of GDPR. Recent media
coverage around the unauthorised sharing of social media data for profiling and targeting is also highly
relevant here.

12
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Chapter 2 Background

International PAS research

As Besley (2013; also see Pardo and Caldo, 2002) reports, international attention regarding public attitudes
to — and sometimes understanding or literacy relating to — science and technology began in the US in the
late 1950s. Since then, many countries — and particularly technologically-advanced countries and groups of
countries, such as the European Union — have undertaken regular, periodic or one-off research into aspects
of this issue. Both as part of these large-scale projects and as separate projects, many countries have also
conducted research into public attitudes to specific technologies or applications, as well as particular
approaches to research (such as animal research or research using stem cells). Alongside this so-called
‘grey’ literature, there is a longstanding academic literature that examines public attitudes to technological
projects. This work also places the public attitudes to science research agenda within a broader social and
political context, examines the findings of the national studies, and addresses the methodological challenges
inherent in such an ambitious undertaking. There is relatively little literature on public attitudes to
engineering. This is addressed in some of the national PAS studies, and — more significantly — the Queen
Elizabeth Prize for Engineering Foundation conducts public attitudes to engineering research across ten
countries.

This attention reflects the perceived importance in technologically-advanced societies of science,
engineering and technology, and a public culture that is supportive of government objectives in this domain.
On the basis of such research, countries are able to assess national attitudes (and typically break this down
by demographic attributes and other attitudinal measures) and — to varying extents — examine trends over
time and make comparisons between countries.

Emerging conceptual frameworks

In recent years, two conceptual frameworks have emerged to describe, codify and measure the
characteristics of individuals with respect to science, technology and engineering. In the UK, BEIS has
begun to use the ‘science capital’ concept. Developed within the context of science education (Archer et al.,
2015), science capital focuses on eight dimensions: scientific literacy; science-related attitudes, values and
dispositions; knowledge about the transferability of science; science media consumption; participation in out-
of-school science learning contexts; family science skills, knowledge and qualifications; knowing people in
science-related roles; and talking about science in everyday life (Archer et al., 2016). For the UK
Government, enhancing science capital is seen as important in terms of both providing the skills to support
economic growth through science and maintaining science’s social ‘licence’ to operate (BEIS, 2018, pers.
comm.). The 2018 iteration of the PAS research will, for the first time, explicitly draw on the science capital
concept.

In Canada, the concept of ‘science culture’ has been employed within the context of public attitudes to
science research (Council of Canadian Academies, 2014). This concept features similar concepts to ‘science
capital’ and is consolidated into four key dimensions: public attitudes towards science and technology; public
engagement in science; public science knowledge; and, science and technology skills.
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Conceptual and methodological challenges

The task of understanding international public attitudes to science is methodologically complex and
challenging. Most national research relies upon large-scale population surveys. In the UK, these are now
complemented by qualitative and/or deliberative approaches (especially in the context of specific
technologies) and — most recently — by ‘social listening’ approaches which focus on social media. The
academic work in this area typically relies upon smaller scale surveys and qualitative approaches.

The conceptual and methodological challenges in this area fall into a number of interlinked categories:

As Osborne et al. (2003) state, attitudes are not a single construct, but rather several or many
subconstructs all of which contribute in varying proportions towards an individual’s overall attitude
towards a specific topic. Although these subconstructs can be separately identified in many projects,
Besley (2013) notes that they can be under-theorised or elaborated.

Similarly, ‘science’ is not a single entity or object, but rather a wide range of situated disciplines,
technologies, practices, regulatory contexts and specific situations. Also, as discussed in more detail in
Chapter 3, attitudes are contingent, typically varying from context to context (Wynne, 1991). However,
most national surveys rely upon and place great store in a core section on attitudes to a single topic,
namely ‘science’. As a result of this challenge, Wynne (1991: 112) warns of, ‘simplistic over-interpretation
of large-scale surveys’ and the ‘ordinary fact that "science" (in general) enjoys high public esteem and
interest in surveys yet suffers apathy and worse in many specific encounters’.

As a related matter, although large-scale surveys can claim to be representative of and therefore
generalisable to a population, they also yield somewhat superficial information that does not reveal depth,
context or contingency (Osborne et al., 2003). Although triangulation with in-depth qualitative approaches
can address this issue to some extent, it is notable that most national research on public attitudes to
science rely on survey data alone or foreground survey results at the expense of qualitative data.

Questionnaire surveys in this domain often suffer from poorly worded questions, for example: a surfeit of
double-barrelled or even triple-barrelled questions (i.e. questions that ask about two or even three things
at once); other examples of unsatisfactory questions; and unclear and under-theorised relationships
between questions and underlying constructs (Besley, 2013). In addition, there is always an ongoing
tension between the desire to update and improve questions and to keep questions consistently worded
to allow tracking of trends over time.

In the context of quantitative analysis, challenges relating to sampling (particularly the use of quota
samples, which are less rigorous and reliable than probability samples) and the proper use of inferential
statistical tests have been identified (Smith and Jensen, 2016).

Importantly for this review, international comparisons are often made difficult by variations between
individual country studies relating to: conceptual approaches and research methods; questions and
response scales; and study frequencies, timescales and timings (Besley, 2013). In addition, a lack of or
very limited English language translations also limits the scope. Two major international studies have
been helpful in this review: in the context of science and technology, Special Eurobarometer 401:
Responsible Research and Innovation (RRI), Science and Technology (EC, 2013) and, in the context of
engineering, Create the Future Report 2017 (Queen Elizabeth Prize for Engineering, 2017); these are
described further in the next section. Within this context, further efforts to produce internationally
comparable data — such as the Wellcome Trust Global Monitor? (due in 2019) — will be very helpful.

3 https://wellcome.ac.uk/what-we-do/our-work/public-views-science-and-health#wellcome-global-monitor.
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Chapter 3 What shapes attitudes to
science?

Key findings

= The relationship between knowledge and attitudes is complex. There is little evidence to support the
theories that greater levels of knowledge are associated with more positive attitudes and that the
provision of information will positively change attitudes;

=  Among demographic characteristics, there is consistent evidence that more positive attitudes towards
science tend to be found among men and people in higher socio-economic groups. This prompts some to
identify unequal levels of societal power and control, and the unequal distribution of benefits and risks, as
determinants of attitudes. The role of age and ethnicity in terms of shaping attitudes is less clear-cut and
often context-dependent;

= Attitudes are also shaped by people’s experiences and understandings of the ways in which technological
projects are managed. Among other things, the public is likely to respond positively to: processes for
meaningful public involvement; an absence of hype; openness and transparency, especially with respect
to uncertainties and gaps in knowledge; and, clear lines of accountability when things go wrong;

= Technologies that offer clear and equitably-distributed benefits that respond to or advance public interests
(as opposed to those of government or the private profit) are more likely be accepted;

= Technologies are less likely to be accepted when its risks are: new, not observable, delayed, not well
understood by science, not controllable, evoke a sense of dread, catastrophic, increasing, involuntary, not
in the control of the individual and not easily-reduced;

= Attitudes are shaped in a variety of ways by broader worldviews, such as: faith or religion, political
dispositions and others;

= On the basis of the national PAS surveys that are reviewed here, the UK is not particularly distinctive
among technologically-advanced countries in terms of attitudes — such as trust, importance and interest —
to science and technology.

Introduction

The literature contains many ideas about what shapes attitudes — such as trust, support and acceptance — to
science, technology and engineering. The objective of this section is to review some of the key themes within
this literature. Within social psychology, attitudes are typically understood to be the outcomes of past
experiences. Attitudes are typically understood to be relatively settled, but also contingent and context-
dependent. Key themes in the literature are: knowledge about science, demographic attributes,
characteristics of the technology and the risks that it presents, values and worldviews, and the ways in which
science and technologies are managed. Although the focus of this literature review is on post-2010 empirical
studies, this chapter draws on theoretical and empirical material from before this date as these contain
themes that remain relevant.
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Knowledge about science

Due to its ongoing influence, it makes sense to start with the seemingly logical idea that people who know
more about science will have a range of more supportive and positive attitudes towards it (and vice versa).
This idea was elaborated in the UK Public Understanding of Science report (Bodmer, 1985), and has shaped
a longstanding and ongoing focus on pedagogically-inspired science communication and public
understanding of science (PUS) activities across the globe. However, the relatively small associations that
are typically noted between knowledge about and attitudes towards science, and the fact that associations
are both positive and negative (Sturgis et al., 2010), suggests that this is a much more complex issue than
Bodmer assumed*. Although the idea of an unproblematic link between knowledge and attitudes is now
officially rejected as a flawed ‘information deficit model’® (House of Lords, 2000), critics have argued that its
influence remains strong in many contexts (Irwin, 2006; Wynne, 2006; Levidow, 2014). See the special issue
of Public Understanding of Science for a series of essays that examine why this is (Bauer, 2015).

Demographic characteristics

Research also examines the proposition that attitudes to science are related to demographic characteristics
such as: gender, age, education, socio-economic status (e.g. professional status and income), ethnicity,
political affiliation, religion and nationality. These are very broad descriptions, and counter examples can
always be identified, but the national PAS studies that have been analysed for this review and a range of
other materials suggest the following general patterns both within the UK and internationally:

= Gender: PAS studies have long suggested that men tend to hold more positive attitudes to science and
technology than women®. For instance, the 2014 UK PAS study consistently refers to a ‘gender divide’
(Ipsos MORI, 2014). For instance, in general, men are more likely: to trust and support scientists and
engineers, and the ways in which technological projects are governed and managed; to associate a range
of other positive attributes to scientists; to be interested in science and technology issues; to feel well-
informed about science and technology; and to engage with science and technology activities. In addition,
studies suggest that the boys are more likely to have positive views of their science education and
aspirations to a career in science (Archer et al., 2013);

= Socio-economic status and education: PAS studies, including the 2014 UK study (Ipsos MORI, 2014)
also consistently suggest that people from higher educational, socio-economic or income groups are
more likely to express positive attitudes to science and technology”’. Archer et al.’s (2013) work also
suggests that young people from lower socio-economic groups are more likely to express lower
aspirations to a career in science. These findings have prompted authors to suggest tackling inequality as
part of the route to more positive attitudes to science (Flynn et al., 1994; Davidson and Freudenburg,
1996) and to diversifying the group of individuals aspiring to science (Archer et al., 2013).

= Ethnicity: Work on risk perception in the US also identifies ‘white’ people as a third key group more likely
to hold a range of more positive attitudes to science and technology (Slovic, 1997). In the UK, Dawson
(2018) discusses the ways in which people from low-income, minority ethnic backgrounds are excluded

4 For instance, in a study of attitudes to biotechnology, Simon (2010) noted a positive relationship between
knowledge and attitudes for men, but a negative relationship for women (see Section 3.4 on gender).

5 Information deficit model (or just deficit model) is a term that was introduced into debates about public
understanding of science in the late 1980s and early 1990s (e.g. Wynne, 1991; 1992). The term is
intended to encapsulate — with critical intent — the notion that attitudes to science and technology are
determined by knowledge about science and technology.

6 This is also a key finding in US work on risk perception in the 1990s (Slovic, 1997).

7 Again, this is also a key finding in US work on risk perception in the 1990s (Slovic, 1997).
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from science-related activities, such as museums. Importantly, exclusion does not only take place through
barriers such as cost, but also through cultural barriers, such as experience-based understandings of who
such spaces are for and who they are not for.

= Age: The literature suggests that age is sometimes a determinant of attitudes to science and technology,
but this variable appears to work in different directions in different contexts;

Worldviews

The term ‘worldviews’ is used here to encapsulate the idea of pre-existing, relatively stable and over-arching
‘orienting dispositions’, lenses or filters (Slovic, 1997), ‘perceptual filters’ (Allum et al. 2014) or systems of
belief (Dake, 1992). Worldviews are important because we use them as short cuts to sense-making and
attitude formation, in the context of all manner of complex issues, including those relating to science and
technology. Political dispositions or religion and faith might be considered as worldviews. In addition,
researchers have used empirical and analytical techniques to identify worldviews from data.

= Political dispositions: Work in the US often associates liberal political views with greater concern about
the risks that are presented by technology (Slovic, 1997), while other research highlights links between
conservative politics and scepticism about climate change (especially in the US) (e.g. Unsworth and
Fielding, 2014; Ziegler, 2017)3.

= Religion or faith: Here, research has highlighted the positive associations between certain religious
perspectives and antipathy towards some developments in the life sciences (such as reproductive
technologies, stem cell research and genetic technologies) as well as science and technology in general
(Allum et al., 2014; national PAS surveys). Ipsos MORI (2014) contains evidence that many people
accommodate both evolution and creationism in their understandings of the origins of the world.

= Cultural theory worldviews: On the basis of quantitative empirical work, US work on risk perception has
identified four archetypal worldviews that shape attitudes towards developments in science and
technology (Dake, 1992; Slovic, 1997). These are presented in Table 1. In broad terms, this work
suggests that those expressing egalitarian worldviews are less likely to be accepting of technological
projects; this might be due to environmental concerns or scepticism about the motives of government.
Meanwhile, those endorsing the other three worldviews are likely to be more accepting of technological
developments. For instance, fatalists might take the view that they have no control anyway, hierarchists
are likely to be highly trusting of the management of technology, and individualists are likely to be less
concerned about the environment and more concerned about ‘excessive’ regulation.

Risks and benefits of the technology

This section focuses on the ways in which the risks and benefits of technologies shape attitudes. Based on
his work on risk perception, Slovic (1992; 1997) begins by challenging the idea of ‘objective’ risk
assessments, pointing out the extent to which they are theoretical, uncertain, subjective and assumption-
laden. Slovic also discusses the models that the public uses to understand the risks presented by
technologies. In particular, this work suggests that public concerns are likely to be greater when the
technology presents risks that are: new, not observable, delayed, not well understood by science, not
controllable, evoke a sense of dread, catastrophic, increasing, involuntary, not in the control of the individual
and not easily reduced. This work also emphasises the importance of notions of the ‘common good'. This is

8 As an associated point, Kahan et al (2017) have shown that science curiosity promotes open-minded
engagement with information that is contrary to individuals’ political predispositions.
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Table 1. Cultural theory worldviews (based on Adams, 1995).

Worldview

Attitude to nature

Individualists

Enterprising “self-made” people,
relatively free from control by
others, strive to control their
environment and the people in it.
Their success is often measured by
wealth and the number of followers
they can command. They tend to
believe that, in a fair system,
people with more ability should
earn more. They tend to be
sceptical of the need for regulation.

Nature benign: nature is
predictable, bountiful, robust,
stable, and forgiving of anything
humankind might inflict upon it.
Nature is the benign context of
human activity, not something that
need to be managed.

Egalitarians

Have strong group loyalties but little
respect for externally imposed
rules, other than those imposed by
nature. Group decisions are arrived
at democratically and leaders rule
by force of personality and
persuasion. They tend to believe
that society’s problems lie in
inequality. They tend to be support
of regulation, especially the
precautionary principle.

Nature ephemeral: nature is fragile,
precarious and unforgiving. Itis in
danger of being provoked by
humans’ carelessness into
catastrophic collapse. People must
tread lightly on the Earth.

Hierarchists

Inhabit a world with strong group
boundaries and prescribing
restrictions. Social relationships in
this world are hierarchical, with
everyone knowing his or her place.
Hierarchists believe that decisions
about management and regulation
should be left to experts.

Nature perverse/tolerant: a
combination of the first two myths.
Within limits, nature can be relied
upon to behave predictably. It is
forgiving of modest shocks to the
system, but this has limits.

Fatalists

Have minimal control over their
lives. They belong to no groups
responsible for the decisions that
rule their lives. They are resigned to
their fate and they see no point in
attempting to change it.

Nature capricious: nature is
unpredictable. Whereas the myth of
‘nature benign’ trusts nature to be
kind and generous, ‘nature
capricious’ is agnostic; the future
may well turn out well or badly, but
it is beyond his or her control.
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shown in the extent to which inequity in the distribution of negative impacts — either within society or between
generations — negatively effects public attitudes towards technologies (Slovic, 1992; 1997). We return to this
issue below in the context of expert systems.

Growing appreciation of these issues in the 1980s, especially in the US, are associated with a growing focus
on risk communication (the communication to the public of information about technological risks). The risk
communication approach holds that attitudes are influenced by the way in which issues are framed or
presented, the sources of information and the channels of communication (Barben, 2010). Despite these
efforts, Barben (2010) concludes that the impact of risk communication is limited because it tends to be
conceived and produced from the perspective of the advocate of the technology and fails to properly engage
with concerns as expressed by publics (also see the comment on public engagement below).

Expert systems

In this section, the attention shifts from individuals, science, technology and risk per se, and onto ‘expert
systems’. Drawing on Giddens (1990), the term expert system is used here to refer to the networks of
expertise, institutions and regulatory processes (of markets, technologies and practices) that people rely on
to manage science and technology. Forms of expertise might include scientific, legal and regulatory.
Relevant institutions might include: Government, parliament, government departments and bodies (e.g.
BEIS, UK Research and Innovation, Sciencewise®) and other scientific institutions and funders (e.g. Royal
Society and Wellcome Trust). Regulatory processes might include: public consultations, expert advisory
groups, deliberative processes, and Governmental and parliamentary processes).

In this section, the focus is on the idea that people’s trust in and support for specific technological projects is
related to their experiences and understandings of expert systems. To put this another way, this is the idea
that any lack of trust in and support for expert systems — and the technologies that they promote — is shaped
by the fact that expert systems themselves do not manage science and technology in ways that public
recognises as trustworthy. Putting this a slightly different way, Engdahl and Lidskog (2014: 714) have
suggested that trust accrues when ‘citizens, in some sense, are able to recognize themselves in the recipient
of their trust’'°.

These ideas are prominent within critical work on science and society or PUS issues by scholars in science
and technology studies (Irwin 2006; Wynne, 2006). This critique suggests that people observe that:

= Governmental technological objectives are often pursued in the face of widespread public opposition;
= The benefits of new technologies often turn out to be overstated;

» The distribution of the risks and benefits of technologies are not regulated and managed in equitable
ways;

= Despite the presence of risk assessments, and claims of control and certainty, unforeseen consequences
often occur;

= When technologies lead to negative consequences, systems for responsibility, accountability and
recompense tend to not operate effectively;

9 Sciencewise, a public dialogue programme funded by the UK Government was established in 2005 as part
of the response to earlier science policy controversies such as that surrounding GM crops.
Sciencewise supports government bodies to commission deliberative public dialogue projects with the
objective of enabling policy makers to develop socially informed policy with a particular emphasis on
science and technology. See: https://sciencewise.org.uk/.

0 There is a more detailed discussion of trust in the next chapter.
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= Despite claims to the contrary, public concerns are still often interpreted within expert systems as public
deficits of one kind or another;

= Thus, institutional approaches to public acceptability still rely upon the provision of information (for
instance, see Williams et al., 2017 on shale gas extraction, or fracking)

The emphasis since 2000 on public engagement and public deliberation about science and technology is
also critiqued in this work. Scholars acknowledge the value of the stated objectives — and very early promise
— of these activities as means to open-up science and technology to public values and visions. However, the
critique suggests that these have taken the form of governmental tools designed to legitimise and promote
public acceptance of its preferred technological projects (Irwin 2006; Wynne, 2006; Thorpe and Gregory,
2010; Macnaghten and Chilvers, 2014; and see the special issue of Public Understanding of Science, edited
by Bauer, 2014). The 2014 UK national research indicates that many in the UK agree with this assessment,
suggesting that 52% (consistent since 2008) agree with the statement, ‘Public consultation events are just
public relations activities and don’t make any difference to policy’ (Ipsos MORI, 2014).

This theme is reflected in slightly different ways in some of the recent deliberative projects on science and
technology (BBSRC-EPSRC, 2011; OPM, 2015; Hopkins Van Mil, 2017) and in Macnaghten and Chilvers’
(2014) analysis of seventeen Sciencewise-supported deliberative projects on science and technology
between 2005 and 2011. For instance, this work suggests that people are likely to be more supportive of
technologies when expert systems manage them in ways that:

= Involve the public at an early or appropriate stage, and take the public’s input seriously;

= Appear to reflect broad public interests and desires rather than governmental or commercial objectives;
= Offer a clear and necessary benefit;

= Ensure that technologies and their benefits are widely available and affordable;

= Ensure timely, robust, transparent and independent regulation, including with respect to unforeseen and
negative consequences;

= Ensure that communications are honest, avoid hype, and acknowledge uncertainty and gaps in
knowledge;

» Finally, a striking conclusion of BBSRC-EPSRC (2011) is the importance of appropriate future leadership
within expert systems.

Technologically-advanced countries

On the basis of the international PAS surveys that are reviewed here, it would appear that attitudes to
science and technology in general do not vary significantly across technologically-advanced countries; it is
certainly not the case that the UK can be reliably identified as an outlier in any particular regard. In the
context of engineering, there is also evidence that UK attitudes are similar to international attitudinal norms
(EC, 2014; QE Prize, 2017). lllustrating the significance of Wynne’s (1991) caution with respect to surveys
about “science” in general, studies often show cross-country differences with respect to specific
technologies, applications and contexts.

Although this review focuses on technologically-advanced, and therefore highly developed, countries, it is
worth noting that there is evidence that attitudes towards science and technology are often more positive in
less developed countries and in less developed regions within countries (see the summary of Sanz-
Menéndez and Van Ryzin, 2015).
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Changing economic conditions

Research in Spain, involving secondary analysis of national PAS surveys in 2006 and 2010 — i.e. just before
and just after the global economic crisis in 2008 — also suggests that more positive attitudes to science and
technology can be associated with declining economic conditions. Sanz-Menéndez and Van Ryzin (2015)
suggest that, in the regions hit hardest by the crisis (compared to less-affected regions), trust in the benefits
of science and technology increased substantially, as did general public interest in science and technology.
Similarly, residents of the hardest-hit regions were more likely after the crisis to choose science and
technology (out of a list of policy areas) as a priority for government, and somewhat more likely to express
support for increases in government spending on science and technology.

Media coverage

Within the context of controversial technologies, research of trends over time has shown a relationship
between public attitudes to the technology and the amount of media coverage of the controversy (although
this relationship is typically understood be the result of media influence on attitudes, this is not
straightforward to confirm) (see the summary of Marques et al., 2015). For instance, based on trend data
relating to media coverage and public attitudes with respect to GM food, from 2003-2012, Marques et al.
(2015) report a significant increase in support for GM food when there was less media coverage, with
support being at its lowest in those years where media reports were at their highest.

21



Public Attitudes to Science 2018-9 Literature review

Chapter 4 Trust

Key findings

o The recent literature consistently shows that scientists, researchers and engineers are among the
most trusted professions in technologically-advanced countries; university scientists attract a higher
level of trust than scientists working in private sector, campaigning or government settings.

o Levels of trust associated with scientists and engineers are broadly comparable with other
technologically-advanced countries.

e Although some recent (post-2014) increases in levels of trust can be identified, this broadly positive
situation for science has not shifted meaningfully since 2010;

¢ Reflecting the demographic variation noted in Chapter 3, trust is often greater among higher social
economic groups, those with higher levels of education, and males.

e However, there is evidence in the UK literature that public trust in the management of science and
technology is more mixed. Here, terms such as ‘resigned trust’ have been used and the public does
not always trust the government to respond to public values and the public interest.

Introduction

Giddens (1990: 34) has defined trust as ‘confidence in the reliability of a person or system, regarding a given
set of outcomes or events’. Giddens argues that trust is a key requisite in technologically-advanced societies
because of the distance — in terms of both time and space — between expert systems'!, and those who are
subject to the decisions and practices of ‘expert systems’. Slovic (1992) has noted that trust is difficult to
build and easy to destroy. Drawing on a wide range of research, and significantly for adherents to the deficit-
model'?, Engdahl and Lidskog (2014) assert that, trust does not develop through passively being fed
information and the uptake of knowledge. Rather, they suggest, it is developed through citizens’ emotional
involvement, taking part, having a say and — as suggested earlier — being able to recognize themselves in
the recipient of their trust.

In terms of the relationship between science and the public or society, trust becomes central to official
discourses in the context of the Science and Society report (House of Lords, 2000). Moving on from the
deficit-model rhetoric (though not necessarily practice) of public understanding of science approaches
(Bodmer, 1985), this report identifies a ‘crisis of trust’, and proposes that trust be restored through
engagement and dialogue. More recently, in the context of aforementioned concerns about the extent to
which we might be entering a ‘post-truth’ era (Kakutani, 2018), issues around trust have taken on further
significance for BEIS and the other institutions of UK science, technology and engineering.

In this chapter, we examine the most recent UK and international literature on trust in scientists, researchers
and engineers as professional categories, and we examine trust in expert systems or regulation. In
summary, the literature suggests that scientists, researchers and engineers are among the most trusted

" As discussed, ‘expert systems’ refers to the networks of expertise, institutions and regulatory processes (of
markets, technologies and practices) that people rely on or are subject to in the context of science and
technology.

2 As mentioned earlier, the term ‘deficit-model’ is intended to encapsulate — with critical intent — the notion
that attitudes to science and technology are determined by knowledge about science and technology.
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professions; and some data indicates that this trust is increasing. Indeed, this may imply that ‘post-truth’
concerns are positively affecting trust in scientists (see Bauer, 2017 on this). For instance, this might be the
case if scientists are understood as a beacon of trustworthiness within a broader post-truth or untrustworthy
world. However, a different picture emerges with respect to expert systems; here the term resigned trust (see
section 4.4 below) has been used and the tension between public interests, and governmental and
commercial objectives is highlighted.

Trust in scientists and engineers

UK and international studies

In this section, we address UK studies and international studies that include the UK. In the UK, the recent
literature indicates that trust in scientists, engineers, researchers (as a broader category than scientists) and
medical practitioners is high, and that it is higher with respect to those working in universities than it is to
those working in charitable/campaigning contexts and in private/commercial contexts. Starting with scientists,
the British ‘veracity index’ (Ipsos MORI, 2017) indicates that 83% of British adults (up from 80% in 2016)
trust scientists to tell the truth (and 85% trust professors)'3. Only nurses (94%), doctors (91%) and teachers
(87%) are more trusted in Britain, according to this research, while nineteen professions — including judges,
the police and clergy — are less trusted than scientists to tell the truth. The Wellcome Trust Monitor Report
(Wellcome Trust, 2016) focuses on science and biomedical research. This UK survey reinforces this picture,
noting that doctors, nurses, and other medical practitioners (64%) and scientists working in universities
(59%) are the most trusted professions to provide accurate and reliable information about medical research.

The two most recent UK national PAS surveys examine trust in scientists, researchers and engineers ‘to
follow rules and regulations’ (Ipsos MORI, 2011; 2014). This research is useful because it differentiates
between scientists working in different contexts. Most trusted in this regard are scientists (90% in 2014; up
from 84% in 2011), researchers (90%; 84%) and engineers (89%; 84%) working in universities. The least
trusted are scientists (60%), 56%) and engineers (74%; 70%) working in the private sector, and in between
are scientists working in charities (88%, 77%), environmental groups (79%; 72%) and government (74%;
72%)'. This study also suggests that 69% (up from 64% in 2011) are confident that scientists have
considered the risks of new technologies before they are used. All of these measures show increases in trust
between 2011 and 2014. At the same time, these findings are somewhat contradicted by the fact that — in
2014, the first year in which the question was asked — more people agree than disagree with the statement
that rules will not stop scientists doing what they want behind closed doors (55% versus 25%).

European Commission (EC, 2013) is very useful throughout this report because the data allows the UK to be
easily compared with two averages:

. For the 28 members of the European Union (EU28), most of which are also members of the
OECD'S;

3 1t is perhaps worth noting that the professions that are mentioned in this section are typically not defined in
questionnaires.

4 Providing a further level of detail, Critchley and Nicol (2010) suggest that privately funded research in a
university is more likely to be trusted than research in a private organisation.

5 The 28 members of the EU in 2013 (and 2018, when this report was written) were: Austria, Belgium,
Bulgaria, Croatia, Republic of Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden and the UK. The following seven countries are members
of the EU but not the OECD: Bulgaria, Croatia, Cyprus, Latvia, Lithuania, Malta, Romania. Iceland,
Norway and Switzerland are European OECD members, but not members of the EU.
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. For the 15 countries that were members of the EU prior to its enlargement in 2004 (EU15), all of
which are members of the OECD 6.

EC (2013) does not mention trust specifically, but instead asks, across a number of professional categories,
‘do you think that [professional category] try to behave responsibly towards society by paying attention to the
impact of their science and technology related activities?’ It seems reasonable to suggest that the word
‘think’ could be replaced by the word ‘trust’ in this question. This study reproduces the patterns of trust
discussed above in scientists working in: universities (UK: 86%; EU28: 82%; EU15: 83%), what are referred
to here as ‘private company laboratories’ (UK: 64%; EU28: 66%; EU15: 65%) and environmental
organisations (UK: 81%; EU28: 81%; EU15: 82%). These findings suggest that the UK is broadly similar to
other technologically-advanced countries in this regard.

UK research by Shuckburgh et al. (2013) suggests that only 38% trusted climate scientists to tell the truth
about climate change. Further, trust to tell the truth was negatively associated with scepticism about climate
change. Although direct comparisons between studies are not possible, it is striking that this figure is so
much lower than those cited above. In this context, these findings are significant for three reasons. Firstly,
they illustrate that differing levels of trust may be accorded to scientists who are working on different topics.
Secondly, they illustrate that public scepticism towards a particular topic influences public attitudes towards
scientists working on that topic. Finally, in the wake of the 2009 ‘climategate’ controversy (The Guardian,
2010), in which scientists were accused of falsifying data, these findings perhaps reflect the effect of such
events on public trust'?.

Turning to engineering, Queen Elizabeth Prize for Engineering (QE Prize) (2017) is an international study,
covering the UK and nine other countries, that focuses on engineers and engineering. Although three of the
countries are not in the OECD, this study is useful because it facilitates international comparison'®. The
study examines the extent to which people in the UK trust seven professions to do what is right. In a similar
vein, engineering scores highest (84%), followed by medicine (83%) and education (77%), and then law
(58%), business (47%), entertainment (47%) and politics (24%). Again, in the context of medical research,
Wellcome Trust (2016) reinforces this picture, reporting that levels of trust to provide accurate and reliable
information about medical research are lower in medical research charities (37%)1'°, pharmaceutical
companies (32%) and journalists (4%).

Further confirmation is provided in ComRES (2017), which focuses on research and researchers. This
survey found that the most trusted sources of information about research are two sometimes overlapping
groups: university academics and researchers (80%), and prominent TV presenters (such as David
Attenborough or Mary Beard) (80%). These are all more trusted than charities and not-for-profit groups
(71%) and experts working in the private sector (70%). The ComRES (2017) work also illustrates how trust

6 The 15 countries that were members of the EU prior to its enlargement in 2004 were: Austria, Belgium,
Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal,
Spain, Sweden, and the UK. All 15 countries are members of the OECD.

7 Reflecting earlier comments, qualitative research in rural Australia reports, ‘Politicians, government, and
the media were described as untrustworthy sources of information about climate change, with
independent scientists being the most trusted. The vested interests of information providers appeared
to be a key reason for their distrust’ (Buys et al., 2014).

8 QE Prize (2017) addresses: UK, US, Germany, Turkey, India, China, South Korea, Japan, South Africa
and Brazil. Although India, China and South Africa are not OECD countries, this study is useful
because it offers the opportunity to place the UK in an international context. The main report (QE
Prize, 2017) does not contain data broken down by country, this was kindly provided by Jo Trigg
(Royal Academy of Engineering), Jonathan Narbett (QE Prize) and Meije Gernez (Edelmann
Intelligence).

9 This figure was lower than expected and in previous studies. This may be because the fieldwork took
place around one month after concerns about the fund-raising methods of charities became a matter
of public debate (The Guardian, 2016).
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varies by issue. Here trust in the information provided by researchers declines in the context of controversial
or political issues, such as the economy (61%), Brexit or climate change (52%), and politics itself (46%). The
qualitative research that was undertaken in this project emphasises the importance of the independence of
the research and of a quoted source.

Other single country studies

The available material on trust in other national PAS surveys reinforces this picture in many cases. In the
most recent Finnish survey (Tieteen Tiedotus (TT), 2016), 66% trust science, research, and the academic
community. While this is lower than trust in the police, armed forces and universities, it is higher than in 11
other categories. Swedish (Vetenskap & Allmanhet (VA), 2017) research indicates that 83% have confidence
in researchers in universities (55% in companies) and 60% have confidence in research. The 83% figure is
interesting because — in contradiction of recent UK research, in particular — it represents a statistically
significant drop from 89% the previous year (no reason for this is offered). Finally, in Canada (Council of
Canadian Academies (CCA), 2015), reflecting concerns about privately-funded science, 41% agreed with a
statement of concern relating to the influence of industry funding in science.

Results from Germany (Wissenschaft im Dialog (WD), 2017) and Switzerland (Schéafer et al., 2018)%° are
slightly different. In these countries, 50% and 57%, respectively, say that they trust science (unfortunately,
no professional comparators are provided). While these figures are certainly lower than those in some other
countries — and are therefore worthy of further attention — due to the variations in question wording between
the national surveys, it would be inappropriate to automatically attribute these differences to culture.

With respect to engineering specifically, QE Prize (2017) reinforces this positive picture across ten countries;
here, engineering (84%, the same as in the UK) emerges as the most trusted of the seven professions noted
above to do what's right. However, in Canada, Engineers Canada (2017) found engineers (64%) to be not as
highly trusted as nurses (86%), doctors (82%) and electricians (73%), on a par with architects (62%) and
accountants (63%), and more trusted than lawyers (47%).

UK expert systems: regulation and governance

The UK literature suggests that, although trust in scientists themselves is high, trust in ‘expert systems’ — or
the management of regulation of science and technology — is less so. In the 2014 UK national PAS survey
(Ipsos MORI, 2014), the term ‘resigned trust’ is used to encapsulate two key trends. First, in keeping with the
2011 iteration (Ipsos MORI, 2011), the 2014 study suggests that more people agree than disagree with the
statement that, ‘the speed of development in science and technology means that they cannot be properly
controlled by government’ (41% versus 32%). Second, and perhaps more tellingly, the proportion who feel
they have ‘no option but to trust those governing science’ has increased markedly since 2005 (by 18
percentage points from 49% to 67%).

Bauer et al. (2016) pick up on this finding. They also note that the UK national surveys suggest that, from
2011 to 2014, agreement with the statements, ‘scientists should listen more what ordinary people think’ and
‘the government should act in accordance with public concerns about science and technology’, has declined
significantly (from 74% to 67% and from 81% to 75%, respectively). On the basis of these three
observations, Bauer et al. (2016) use the more positive term, ‘tolerance of technocracy’, to encapsulate this
phenomenon.

Reinforcing the findings on expert systems in Chapter 3, Macnaghten and Chilvers (2014) analysed the
qualitative findings of the seventeen public dialogue projects that Sciencewise-ERC co-sponsored between

20 The data cited in this report does not feature in this paper but was very kindly supplied in English
translation by Mike Schafer and Tobias Fuchslin (University of Zurich).
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2005 and 2010. Chiming with the 2014 UK PAS survey and Bauer et al. (2016), Macnaghten and Chilvers
(2014) report that ‘participants felt compelled to trust scientists’, but ultimately had no control over ‘expert
systems’. They also note that — broadly speaking, and with the exception of the health-related dialogues —
people rarely trusted the government to act in the public interest especially when governmental and
commercial objectives are at stake. A similar phenomenon is implied in ComRES (2016); here, only 45%
trusted the UK government when providing information about research (compared to 80% with respect to
university academics and researchers, and top TV presenters).

More recently, Smallman (2018) has also undertaken an analysis of 18 Sciencewise projects, conducted
between 2002 and 2011. Smallman reaches different but associated conclusions. First, she uses the term
‘Contingent Progress’ to encapsulate public views of technological developments. According to Smallman,
the ‘Contingent Progress’ view has two key elements to it. First, science and technology are understood as
producing not only benefits and solutions but also problems and risks. Importantly, these problems are seen
to be often unforeseen or downplayed. As discussed earlier, critics have also pointed out that these benefits
and problems are experienced unequally across society. Second, industry and commercial interests are
understood as a necessary but distorting influence that needs to be managed by the state (see p670).
Crucial to this understanding are the mixed and interrelated outcomes — benefits and problems — that
emerge from technological developments, and the public’s discomfort with the role of the private sector.

On the other hand, on the basis of her analysis of a wide range of government policy documents and expert
reviews, she encapsulates the policy and expert view as ‘Science to the Rescue’. Here, ‘science is a driver
of our economy and competitiveness and can solve our problems and deliver social goods; social and ethical
issues are public matters relating to risk and understanding that stand aside from the technologies
themselves and can be quantified and resolved by more research or information’ (pp669-70). When we recall
Engdahl and Lidskog’s (2014) assertion that trust becomes more possible when people are able to recognize
themselves in the recipient of their trust, we can see the significance of this disjuncture in terms of the
creation of misgivings about the ways in which ‘expert systems’ operate
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Chapter 5 Other professional attributes

Key findings

= |n addition to trustworthiness, publics in the UK and other technologically-advanced countries tend to
attribute a range of other positive characteristics to scientists and engineers with high proportions
considering them to be ethical, honest and creative. However, scientists and engineers score less well in
relation to communication and transparency (though engineers are more highly regarded than scientists
on these latter measures);

= When compared with other professions, science and engineering tend to fare well; although they are not
quite as well-respected as medicine and law, they are better respected than many other sectors
(business, education, politics etc.)

= However, there are indications in the literature that engineering is seen as a “male” profession, both in the
UK and in other technologically-advanced countries?'.

UK and international studies

In this section, we address UK studies and international studies that include the UK. The 2014 UK PAS
research suggests that many people attach a range of positive attributes to scientists and engineers:
interesting (scientists 82% and engineers 79%), open-minded (79% and 81%), creative (89% and 90%),
honest (71% and 78%) and ethical (65% and 73%). Scientists and engineers scored less well on two
attributes: good at communication (48% and 59%) and open (37% and 55%) (Ipsos MORI, 2014). It is
notable that engineers score more favourably than scientists with respect to honesty, ethics, communication
and transparency. When asked to state which one or two of these attributes is most important, the most
prominent three responses were: for scientists, honest, ethical and open-minded, and for engineers,
creative, open-minded and honest (all above 30%). Looking at the total percentages across the two sets of
three most prominent desirable attributes, it is again notable that engineers (249%) score more highly than
scientists (215%). These questions did not feature prior to 2014.

Turning to careers and professions, the 2014 and 2011 UK PAS studies also suggest that science and
engineering are felt by many to be very interesting jobs (Ipsos MORI, 2011; 2014). In the case of science,
73% agreed with this statement (68% in 2011) and, in the case of engineering, 68% (61%) agreed. These
studies do not provide comparisons with other professions.

QE Prize (2017) does compare engineering (and sometimes science) with other professions, and suggests
that science in particular is one of the most highly regarded professions. QE Prize (2017) compares public
attitudes across ten countries, including the UK, towards engineering (and sometimes science). Among a set
of seven professions (engineering, medicine, law, business, education, politics and entertainment),
engineering appears to be understood in the UK as a profession that offers relatively high levels of both job
security (81%, second to medicine on 82%) and earning potential (80%, very slightly less than medicine and
law). The UK is very close to the international average in both these respects. Looking at engineering alone,
it is also understood by many in the UK to be: respectable (82%), prestigious (75%) and fulfilling (80%).
Again, the UK and international figures are very similar. Both engineering and science are also compared

21 This perception is borne out by the fact that males accounted for 88% of engineers in 2016 (Engineering
UK, 2018).
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with eleven other professions?? in several respects. In this case, respondents were asked to identify the three
professions that they feel each attribute is most relevant to. In this context, scientists (selected by 39%) were
said to be the third most prestigious profession, after medical doctor (58%) and lawyer (46%), while
engineers (19%) were only sixth.

At the same time, QE Prize (2017) also reiterates concerns about female participation in engineering, both in
the UK and internationally. While 52% in the UK (and 60% across the ten countries) agree that engineering
is a diverse profession (with respect to race, gender, religion and sexual orientation), this is somewhat
contradicted by the fact that 60% agree that engineering is more accessible to men than women (both in the
UK and across the ten countries). It is estimated that just 11% of UK engineers are women, with figures
approaching 30% in some countries (Women'’s Engineering Society, 2018).

Other single country studies

The impression that UK publics associate science and engineering with a variety of positive attributes is
reproduced in research in some other countries. In Australia, scientists and engineers (more than 90%) were
ranked the equal second most prestigious profession of 16 (top was doctors at almost 100%) (Lamberts,
2017). Also, in Australia, scientists and engineers were in the top five professions with respect to the
contribution that they make to society. In China, scientists (41%) were ranked as the third most prestigious
profession of the 11 that were measured; the top two were teachers (56%) and doctors (53%) (China
Research Institute for Science Popularization (CRISP), 2015)

Engineers Canada (2017) suggests that in Canada engineers are most often seen as: modern (82%), open
to new ideas (79%), interesting (78%), smarter than average (72%), technically proficient (87%), responsible
(80%), and having high levels of expertise (86%) and professional standards (85%). This research also
compares engineering with six other professions with respect to overall impression and respect. In the case
of ‘overall impression’, engineers (64%) receive a less favourable rating than nurses (85%), doctors (81%)
and electricians (71%), and a more favourable rating than architects (62%), accountants (61%) and lawyers
(49%). In the case of respect, almost exactly the same picture emerges, but the scores are all a little higher.

22 Medical doctor, Lawyer, Accountant, Artist (e.g. actor, musician), Teacher, Business leader, Nurse,
Airplane Pilot, Firefighter, Police officer, Journalist
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Chapter 6 Value and importance

Key findings

= The UK and international literatures suggest that science, technology and engineering are recognised by
high proportions of the public as important both to society (for example in terms of supporting economic
growth and making our lives easier) and, to a lesser extent, themselves (for example finding knowledge
about science useful or relevant to their everyday life).

= When science and engineering are compared with other professions and domains in terms of their
perceived importance to society, they tend to emerge favourably, though not at the top (again, health-
related professions are often seen as more important to society).

= In the one UK study that examines this, it notable that science does not perform well with respect to
importance at the local or community level. Although a single finding, this may offer strategic insight for
public engagement.

= Recognition of the importance of science and technology is reflected in high levels of support in the UK
and other technologically-advanced countries for public funding for science.

UK and international studies

This section addresses UK studies and international studies that include the UK. The UK national PAS
surveys suggest that UK publics feel that science and engineering are very important, both to society and —
to a lesser extent, perhaps — themselves (Ipsos MORI, 2011; 2014). With respect to society, among the
statements that tap into this broad sentiment, this is illustrated in consistently high levels of agreement with
statements relating to, for example: ‘making people’s lives easier’ (81% in 2014; 79% in 2011), ‘supporting
future economic growth’ (76%; 76%) and ‘prosperity’ (91%; 88%). The UK national PAS surveys also
suggests high agreement with the statements that science is such a big part of our lives that we should all
take an interest (84%; 82%). Broadly speaking, these levels of agreement are consistent across earlier UK
national PAS studies. Reinforcing this UK picture, Wellcome Trust (2016) suggests that 94% feel that
medical research will improve quality of life in the future and TNS-BMRB (2015) suggests that chemists are
seen as making a valuable contribution (84%).

EC (2013) suggests that these high levels of importance are also perceived in other technologically-
advanced countries, and that the UK is close to the average in this regard. For instance, EC (2013) indicates
that 76% of the UK public think that the overall influence of science and technology on society is positive
(EU28: and EU15: 77%), 78% that ‘thanks to science and technology, there will be more opportunities for
future generations’ (EU28: 75%; EU15: 76%), and 71% that ‘science and technology make our lives easier,
more comfortable and healthier’ (EU28: 65%; EU15: 66%).

QE Prize (2017) tells an almost identical story with respect to engineering. QE Prize (2017) indicates that UK
and international publics think that engineering can make a difference in addressing the world’s challenges
(84% in the UK; 84% across the ten countries), is valuable for the economy (88%; 88%), has driven progress
in the past (85%; 85%) and has an impact on people in their daily lives (90%; 92%).

Some studies invite participants to compare the importance of science and engineering with that of other
sectors. Both science and engineering largely emerge favourably from these comparisons. Neilson (2017a)
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suggests that 74% think that science is important to British society and culture; this is lower than for the NHS
(86%), the law (82%) and the police (79%), but higher than nine other professions/domains?3.

QE Prize (2017) contains a number of questions that compares attitudes to engineering — and sometimes
science — with attitudes to other professions. The relatively high levels of importance attached to scientific
professions is reinforced here, as is the extent to which the UK is broadly average across technologically-
advanced countries. For instance, QE Prize (2017) indicates that 86% in the UK (and 85% across the ten
countries) feel that engineering makes the world a better place (this is a higher than for the other six
professions?* examined in this question). In other questions, QE Prize (2017) compares science and
engineering with 11 other professions?5, asking respondents to select the three most important professions
with respect to a variety of criteria. In the case of ‘vital for economic growth’, engineering (UK: 60%; 60%)
and science (53%; 53%) are second and third after business leaders (67%). With respect to ‘able to change
the world for the better’, science (70%; 64%) scores most highly, and engineering (38%; 38%) is ranked
fourth.

Within the context of this largely positive scenario, at the same time, Neilson (2017a) provides two examples
of areas where science does not compare favourably with other activities. While 35% agree that science
plays an important role in ‘bringing communities together’ and 30% that ‘local science events are important’,
corresponding figures for sports (62%; 43%), and arts and culture (54%; 47%) are conspicuously higher.
Although this is a single finding, given that it is in contradiction to the others in this section, it is perhaps a
useful prompt to policy and practice in public engagement to consider ways of emphasising the local and
community-based potential for public engagement with science.

With respect to the importance of science to the individual, the 2104 UK national PAS survey suggests that
72% (up from 67% in 2011) agree that it is important to know about science in their daily lives (Ipsos MORI,
2011; 2014). A further flavour of this is offered by the fact that 52% (44% in 2011) thought the science they
learnt at school has been useful in their everyday lives (though note that this is higher for maths). Similarly,
Wellcome Trust (2016) found that 66% of the public think their understanding of science is useful in their
everyday lives, and also that a higher proportion (87%) believe it is useful for others — people in general — to
have an understanding of science in their everyday lives.

Given the trustworthiness, other attributes and importance that is accorded to science, it is perhaps not
surprising that support for government funding for science is high in the UK. This was 79% in the UK in 2014,
up from 76% in 2011, when this question was introduced (Ipsos MORI, 2011; 2014).

Other single country studies

Looking at the national PAS surveys, this is reflected in agreement with the following perspectives: making
lives easier (89%) (Australia: Lamberts, 2017), a better world (77%), making lives healthier, easier, and more
comfortable (72%) (Canada: CCA, 2014), more opportunities for future generations (84%), making lives
healthier, easier, and more comfortable (81%) (China: CRISP, 2015), improving human health (91%),
addressing key challenges for society (82%) (New Zealand: Neilson, 2017b), making lives better (61%),
should be publicly-funded (73%) (Switzerland: Schafer et al., 2018), creating future opportunities (just over
90%) (US: National Science Board (NSB), 2018)26. Across ten countries, QE Prize (2017) notes that
engineering is the most trusted (87%) of seven professions to make the world a better place. Turning to the

23 Politics, Religion, Business leaders, The media, Civil Service, Financial services, The Arts, Charities, and
Sports.

24 Medicine, Law, Business, Education, Politics, Entertainment industry.

25 Medical doctor, Lawyer, Accountant, Artist (e.g. actor, musician), Teacher, Business leader, Nurse,
Airplane Pilot, Firefighter, Police officer and Journalist.

26 NSB (2018) is itself a literature review, and draws on several US sources between 2016 and 2018.
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individual level, in the most recent Swiss study (2018), 69% agreed that it is ‘important to be informed about
science and research’ and 41% agreed that ‘science and research play an important role in my life’.
Eurobarometer research suggests that at least half of people in EU expect that, 15 years from now, science
and technological development will have a positive impact on health and medical care (65%), education and
skills (60%), transport and transport infrastructure (59%), energy supply (58%), protection of the environment
(57%), fight against climate change (54%) and quality of housing (50%) (European Commission, 2013).

It is interesting to note that agreement with the view that the benefits of science and technology outweigh the
harms is between 9 and 25 percentage points lower in the UK than in some other country contexts. While
this view has 55% (2014) and 54% (2011) agreement in the UK (Ipsos MORI, 2011; 2014), similar
statements in other surveys receive higher agreement: around 80% (Australia: Lamberts, 2017), 64%
(Germany: WD, 2017), 72% (US: NSB, 2018). However, in Switzerland (Schéfer et al., 2018), the
corresponding figure is just 33%. Given the methodological challenges associated with cross-country
comparisons in this domain, the extent to which this is a meaningful observation is not clear.

Several national PAS studies directly examine support for science in the form of the notion that scientific
research should be funded by government, even if the benefits of this are not immediate. Recent measures
in other national PAS studies are: China: 77% (CRISP, 2015), Canada: 76% (CCA, 2014), Finland: 76% (TT,
2017), New Zealand: 66% (Neilson, 2017b, 2017), Switzerland: 73% (Schéafer et al., 2018) and US: 84%
(NSB, 2018).
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Chapter 7 Two challenges: pace of change
and religion

Key findings

= Within the context of typically very positive attitudes towards science and technology in technologically-
developed countries, there are two areas in which substantial minorities — or even majorities — have
concerns: the pace of change in science and technology, and the relationship between science and faith
or religion.

= It appears that here is a substantial minority — and sometimes a majority — in technologically-advanced
countries that considers that the pace or speed of developments in science and technology is in some
way problematic.

= There is a moderately sized minority in many technologically-advanced counties that would prefer more
reliance on faith as opposed to science.

Pace of developments

Given the overwhelming levels of support that are attracted to science and technology overall, results in this
context are perhaps particularly meaningful. In the UK PAS research, three aspects of this issue are
examined (Ipsos MORI, 2014). As was discussed earlier, 41% agree that the pace of developments in
science and technology means that they ‘cannot be properly controlled by government’ (this is consistent
since 2000). Similarly, 43% agree that they ‘cannot follow developments in science and technology’ (also
consistent since 2000). Meanwhile, just 34% (down from 59% in 2000) agree that ‘Science makes our way of
life change too fast’. However, EC (2013) tests this same statement, and suggests a much higher UK figure
than the 2014 UK research (51%), and even higher levels of agreement for the EU28 (62%) and EU15
(60%). The differences in the UK figures are most likely explained through methodological differences.

There are similar results in other national PAS studies. In Australia (Lamberts, 2017) and Canada (CCA,
2014), nearly half feel that ‘science has changed our way of life too fast’. In Germany and Switzerland, the
corresponding figures are surprisingly low at 32% (WD, 2018) and 34% (Schéafer et al, 2018), respectively. In
the last two US surveys, 51% agreed that ‘science makes our way of life change too fast’ (NSB, 2018).

Faith and religion

As was mentioned earlier, faith or religion is often identified as a determinant of attitudes to science and
technology, particularly developments in the life sciences. Reflecting this, five of the national PAS surveys
and EC (2013) include one or more questions on this topic. All of the studies that address this issue contain
a question that invites respondents to balance science and faith in terms of societal or personal reliance.
Responses to the first of these suggests that there is a moderately sized minority in many technologically-
advanced counties that would prefer greater reliance on faith as opposed to science. In the 2014 UK study,
30% agreed with the statement, ‘we depend too much on science and not enough on faith’ (Ipsos MORI,
2014). Although this is consistent with the 2011 study, it also represents a downward trajectory from 44% in
1996.
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EC (2013) places UK agreement with the same statement at 36%, compared with 39% for the EU28 and
37% for the EU15. Broadly similar findings are apparent in other national PAS studies. In both Australia
(Lamberts, 2017) and Canada (CCA, 2014), 25% agreed with the statement, ‘we depend too much on
science and not enough on faith’ (in the Australian study this is expressed as a question about the past). In
Germany, 40% agreed with the statement, ‘people trust too much in science and not enough in their feelings
and faith’ (the addition of the word ‘feelings’ might explain the higher level of agreement here) (WD, 2018).

The UK and Finnish studies ask respondents to balance science and faith in terms of belief or worldview. It is
striking that, in the UK in 2014, 62% agreed with the — perhaps, rather convoluted — statement (new that
year), ‘It is possible to believe in a god and still hold the view that life on earth, including human life, evolved
over time as a result of natural selection’ (Ipsos MORI, 2014). In Finland, a much lower proportion — 31% -
agreed with the similar but broader statement, ‘a world view based on science does not conflict with religion’
(TT, 2016).

The UK studies investigate the evolution/creation issue in two further questions (Ipsos MORI, 2014). In one,
respondents are asked to state whether they agree or disagree with the statement, ‘God created the earth
and all life in it’. Here, 41% agreed in 2014, which is consistent with 2011 (39%), the first time the question
was asked. In another question, respondents are asked to identify which of three main options most closely
matches their own view about creation and evolution. The responses to this question were: creation: 19%,
evolution, guided by God: 26%; and natural selection: 41%%27. It is striking that more people chose options
that gave a role to God (45%) than to those that did not (41%). The figures for younger people lean more
towards the natural selection option.

27 The full responses were: Creation: Humans and other living things were created by God and have always
existed in their current form; Evolution, guided by God: Humans and other living things evolved over
time, in a process guided by God; Natural selection: Humans and other living things evolved over time
by natural selection, in which God played no part.
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Chapter 8 Education and career
aspirations among young people

Key findings

= Young people in the UK appear to be broadly satisfied with their science education.

= Although the science career aspirations of young people in the UK appear to be lower than some other
professions, there is also evidence that they compare favourably to other technologically-advanced
countries.

= Satisfaction levels and career aspirations are greater among boys and young people from higher socio-
economic backgrounds.

Science and engineering education

The attitudes of young people towards science and engineering education and careers are important in
terms of the so-called ‘leaky pipeline’ from science education into science and engineering careers. In
addition, science education is understood as a route to higher levels of science capital and a supportive
social context for science and technology. Research on public attitudes to science and engineering
education focuses on the current experiences of young people and the recollections of adults. In their UK
study with young people, aged 10-14, Archer et al. (2013) report that satisfaction with science teaching is
high and that attitudes towards science and scientists are very positive. Wellcome Trust’s (2017) study with
young people (aged 14-18) indicates that 68% find school science lessons interesting. It is a conspicuous
feature of most measures in both studies that more positive views are to be found among boys. Wellcome
Trust (2017) typically also highlights more positive attitudes — to both science education and careers —
among young people who score highly on their Family Science Connection Index (FSCI)28 and science
knowledge quiz, and among young people from black and Asian backgrounds. On this basis, white girls
appear to have the poorest science educational experiences and lowest science career aspirations.

Wellcome Trust (2017) further suggests that the two strongest classroom-based predictors of positive
attitudes towards science teaching are experiences of good quality teaching and the opportunity to
undertake practical work??. Exhortations for more practical work in science education (Ofsted, 2013) are
mirrored by an appetite for more practical work among young people (Wellcome Trust, 2017).

These latter findings are especially important since, taking an international perspective, Martin et al.’s (2016)
work suggests that science teaching satisfaction levels among UK science students could be improved. This
ongoing study measures four aspects of attitudes to science teaching among students aged 13-14 across
almost 30 countries (a mix of OECD and non-OECD), including England®. The most striking feature about
these findings is that England appears to be — at best — just average across these measures. For instance,
the study suggests that, in England, 80% of students (aged 13-14) feel that they are receiving engaging

28 The FSCI combines the responses to three questions to measure the strength of young people’s family
science networks.

29 Millar (2004) has suggested that this is because practical work offers opportunities for action, reflection
and creating links between ideas and the real world.

30 These are all countries in which science is taught as an integrated subject at this age.
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teaching (compared to a cross-country average of 83%). Other findings confirm this pattern with respect to:
liking learning about science (75% compared to 81%); feeling confident at science (62% compared to 61%);
and valuing learning about science (82% compared to 81%). Also, internationally, OECD (2015) examines
enjoyment of science among young people aged 15 across 72 countries. This study suggests that the UK is
above the OECD average in this regard. For a broad discussion of the factors that support participation in
science education, see Bennett et al. (2013).

Turning to engineering, Define Insight (2016) has examined engineering education (and careers) from the
perspectives of young people (aged 14-21), parents, career influencers (such as teachers and employers)
and engineering professionals. This qualitative study suggests that the challenge for engineering is very
different due to its relative scarcity as a secondary school subject and a lack of awareness about the detail of
what an engineering career entails. That said, the observation that engineering may not be a suitable career
for girls was prominent in this research. In some cases, this was related to the observation that it is hard for
females in a male dominated profession.

The UK national PAS research has a number of items in which adults are asked to or choose to reflect on
their own science education. In 2014, 23% (25% in 2011) agreed with the statement, ‘school put me off
science’. In response to the statement, ‘the science | learnt at school has been useful in my everyday life’,
52% agreed (up from 45% in 2011). The corresponding figures for maths were 76% (67%). Finally, in
response to the open-ended question, When | talk about “science”, what comes to mind?, 12% (7%)
mentioned school Ipsos MORI, 2011; 2014).

The career aspirations of young people

In their UK research with young people, Archer et al. (2013) suggest that, compared to a range of other
careers, aspirations to become a scientist are relatively low (15%), though engineering (26%) and
medicine/doctor (33%) fare better (the highest scorers were business, almost 58%, and art and design,
41%)3'. Wellcome Trust (2017) suggests that 43% of young people are ‘interested’ in a science career but
does not offer other professions as comparators. From an international perspective, OECD (2018) examines
science-related career expectations among young people aged 15 across 72 countries. This study suggests
that the UK is well above average when compared with the OECD countries, and fourth highest overall: 29%
of the UK students stated that a science-related career is an ‘expectation’ for them (compared to 25% across
the OECD, and 34% in Canada, 31% in Slovenia and 29% in Australia).

It is perhaps not surprising that Archer et al. (2013) note that aspirations to become a scientist (they do not
comment on engineering or medicine) are related to familial science capital3233. Wellcome Trust (2017)
confirms this using its narrower FSCI. More significant are Archer et al.’s (2013) findings that this association
increases with age (10-14), and that — in an echo of the findings that were discussed in Chapter 3 — both
science aspiration and capital are greater among boys3* and young people from higher socio-economic

31 Many thanks to Jennifer DeWitt for providing the precise percentages.

32 Although this report (ASPIRES) does not address aspirations in the context of engineering and medicine,
this is a feature of the forthcoming ASPIRES2 project report. The team reports that similar patterns of
aspiration are observable for engineering and medicine.

33 As mentioned earlier, science capital focuses on eight dimensions: scientific literacy; science-related
attitudes, values and dispositions; knowledge about the transferability of science; science media
consumption; participation in out-of-school science learning contexts; family science skills, knowledge
and qualifications; knowing people in science-related roles; and talking about science in everyday life
(Archer et al., 2016).

34 This is despite the finding, in the 2014 UK national PAS survey, that agreement with the notion that
science (3%) and engineering (6%) are not careers suitable for women is extremely low (Ipsos MORI,
2014).
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groups. Welcome Trust (2017) reiterates greater aspirations to a science career among boys (boys 51%;
girls 35%) but suggests that income is not a predictor of science aspirations. This study notes higher
aspirations among young people from black and Asian backgrounds (both 61%) than among those from
white backgrounds (39%). Internationally, the OECD (2018) research is interesting because, the
aforementioned gender gap is more-or-less absent in the UK (and across the OECD countries): the figures
are 29% (25%) for boys and 30% (24%) for girls. This is most likely because medicine and other health-
related careers are included in the OECD definition.

Archer et al. (2013) also note that awareness of the value of a science education beyond specifically
becoming a scientist is low. These findings lead Archer et al. (2013) to prioritise the following lessons for UK
policy: building science capital from a young age, embedding discussion of careers within the core
curriculum (with an emphasis on the broader value of a science education), and — echoing Flynn et al. (1994)
— tackling inequality.
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Chapter 9 Familiarity and interest

Key findings

= There is evidence that publics in the UK and other technologically-advanced countries tend to think of
themselves as familiar with the role of science and scientists, but less so with the role of engineering and
engineers;

= Within technologically-advanced countries, there is a moderate level of interest in science and technology
(the UK faring better on this measure compared with the EU average). In general, across technologically-
advanced countries, medical and health issues attract more interest than other scientific issues such as
technology and the environment, and engineering attracts less interest.

= Some research suggests that interest in science-related topics is greater than in other topics (such as
politics or sport), while other studies indicate contrary or mixed pictures;

= Contrary to the general trend, the evidence suggests that interest in medical and health science is greater
among women than men.

Familiarity with science and engineering

Although comparisons between studies are not straightforward, there are hints in the research that — as,
perhaps, might be expected — publics are more familiar with the idea of ‘the scientist’ than they are with the
idea of ‘the engineer’. The 2014 UK PAS survey suggest that two thirds (68%) disagree with the statement, ‘|
don’t really know what a scientist does’ implying that two thirds are familiar with what a scientist does Ipsos
MORI, 2014).

However, recent work in Canada suggests that just 45% are familiar (i.e. have first- or second-hand
experience) with engineers (Engineers Canada, 2017). This latter work is useful because it suggests that
people in Canada, at least, are less familiar with engineers than they are with nurses (77%), doctors (76%),
electricians (61%), lawyers (61%) and accountants (56%), but more familiar than with architects (35%). This
research is also instructive because, across the professions tested, it suggests that — broadly speaking —
there is a positive relationship between familiarity, and a favourable overall impression and levels of respect
(see Chapter 4), and levels of trust (see Chapter 3). For engineering itself, this study also suggests a broadly
positive relationship between familiarity and the attribution to engineers of a set of favourable professional
attributes (see Chapter 4).

QE Prize (2017) examines public familiarity with a set of sub-disciplines within engineering in the UK (and
across the ten countries). This research suggests that publics are most familiar with computer engineering:
45% (48%), and then with: mechanical engineering: 42% (38%); electronic & electrical engineering: 42%
(41%); IT engineering: 41% (41%); software engineering: 40% (41%); civil engineering: 36% (35%);
aerospace engineering: 32% (34%); robotics engineering: 28% (28%); chemical engineering: 25% (27%);
and biomedical engineering: 22% (23%). On the basis of these responses, QE Prize (2017) suggests that
65% (66%) are familiar with engineering in some form. Comparing this with the lower figure in Engineers
Canada (2017), this perhaps indicates that stated familiarity increases when more opportunities for an
affirmative answer are provided.
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Interest: UK and international research

EC (2013) suggests that 64% of people in the UK are interested in science and technology; this compares
favourably with the findings for the EU28 (53%) and EU15 (57%). Although the UK national PAS research
does not specifically ask about interest in science and engineering, the moderate strength of interest in
science is implied in the responses to two questions. For instance, the 2014 UK PAS research suggests that
51% feel that they hear and see too little information about science, while just 6% hold the opposite view
(there is little change from the 2011 research) (Ipsos MORI, 2011; 2014). This suggests both an interest in
science and an appetite for more information, and the desire for more information has increased since 2000.
Meanwhile, the study suggests that 67% have engaged in a science-related activity in last twelve months.
While we might assume that this level of engagement reflects widespread but perhaps not overwhelming
interest, the finding that 26% have not engaged in such activities is not positive. Wellcome Trust (2016)
suggests that interest in medical research is strong and stable (though down from 2009) at 77%, with greater
levels of interest in new treatments and less in how the body or mind works. Although, as discussed in
Chapter 3, men very often express greater interest in science and technology than women, this is reversed
with respect to medical research.

QE Prize (2017) compares interest in science, technology and engineering (as separate items and, with the
addition of maths, as a single STEM item) with a range of other topics, activities and pursuits3®. The study
suggests that, in the UK, interest in STEM (89%), technology (78%), politics and current affairs (73%) and
science (70%) is relatively high compared with the five other pursuits. Notably, engineering (44%) scores the
lowest of the eight topics tested. Recalling that QE Prize (2017) is an international study, it is interesting that,
although the scores across all of the eight topics are higher for the ten countries as a group than for the UK,
they conform to a similar pattern to the UK.

Other single country studies

National PAS research in other countries tells a mixed story. In some studies, science-related issues attract
high levels of interest relative to other topics. Across the research, it is noticeable that, when health-related
and medical sciences are tested, these tend to register relatively high levels of interest. The Australian PAS
research (Lamberts, 2017) suggests relatively high levels of interest in science-related topics. In this
research, the percentages who say they are ‘very interested’ in science-related topics range from 51% to
67%: health (67%), new medical discoveries (64%), new scientific discoveries (61%), new inventions and
technologies (57%) and environmental issues (51%). Meanwhile, the corresponding ‘very interested’ figures
for other topics or issues (film, music, crime and politics) range from 15% to 40% 3. Similarly, the PAS
research in Sweden (VA, 2017) places interest in research at 44%, higher than the four other topics tested:
culture (40%), economics and politics (both 38%), and sport (36%). In the US national PAS survey work,
science- and technology-related themes are among those garnering most interest (NSB, 2018). More
specifically, respondents were most interested in new medical discoveries (95%), and both new technologies
(88%) and new scientific discoveries (84%) scored highly. Local school issues, environmental pollution and
military and defence policy also scored above 80%, while several other issues hold lower levels of interest.

China offers a contrary example. Although the Chinese PAS survey (CRISP, 2015) reports very high levels
of interest in living and health (93%), this is not understood as a science-related topic in the Chinese study.
More broadly, this study reports levels of interest in new discoveries in science (77%), new inventions and
technologies (75%) and progress in medical science (70%) that — while seemingly high — are lower than

35 The full list: Science, Technology, Engineering, Maths, Fashion, Politics and current affairs, Arts and
Sports.
36 The precise percentages are not given in the report.
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interest in education, economic development, sports and agricultural development (all between 78% and
87%). In Finland, the 2016 national PAS study suggests that 68% are interested in the sciences, research
and technology in the media. This is lower than nature and environment (81%), and social issues in general
(74%), but higher than five other topics (sport, entertainment, politics, culture and art, and economy and
finance) (TT, 2016).

In Switzerland (Schéafer et al., 2018) and New Zealand (Neilson, 2017b), no topics are tested for comparison,
but 50% and 83%, respectively, express interest in science and research.
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Chapter 10 Information and activities

Key findings

In the UK and some other technologically-advanced countries, although the internet is an increasingly
important source of information about science and technology, TV and newspaper still appear to be more
important. In the US, the internet is the most important source;

= In the UK, around half of the public feel informed about science and technology (this is replicated in some
other technologically-advanced countries) and around half do not feel capable of understanding science
and technology;

= In the UK, many people express difficulties about establishing ‘the facts’ about science and technology, in
part due to media-related challenges, such as conflicting news reports and lack of trust in journalists;

= Participation in science-related activities outside of school/college and work (for example science
museums, science festivals) appears to be broadly stable over the past decade.

Sources of information

Sources of information about science and technology have been examined in the UK (in the 2014 national
PAS research, for the first time, and the Wellcome Trust (2016) study of public attitudes to medical research)
and in a few national studies in other countries. Across this research, two points are most notable:

= Almost all people obtain information about science and technology via various forms of media, and not via
direct engagement with scientists, scientific papers or public engagement with science activities;

* In common with most areas of contemporary life, the most commonly used media sources are
increasingly online and decreasingly traditional (ie TV and newspapers), though different countries are at
different stages on this transition.

Ipsos MORI (2014) reports that, although UK internet and social media use has been increasing rapidly in
broad terms, traditional media (TV and newspapers) were the most commonly cited sources of information
about science and technology: 59% cited TV as one of their two most regular sources, while 23% cited
newspapers, and on-line newspapers and news sites and other online sources were mentioned by 15% and
9%, respectively. In the qualitative research in this study, an interesting distinction is noted between
information that is obtained incidentally (where TV remains dominant) and specific information that is actively
sought (where the internet becomes much more relevant) (Ipsos MORI, 2014; Takahashi and Tandoc,
2016). This distinction is strongly reflected in Wellcome Trust (2016), which notes that information about
medical research was actively sought in the previous year by 42% of the public, typically within the context of
seeking information about a specific medical condition or treatment that is relevant to them. This study
suggests that the internet is overwhelmingly used for this purpose (by 90%), compared with 40% who talk to
others and 31% who sought professional medical advice.

Somewhat similarly to Ipsos MORI (2014), EC (2013) suggests that people in the UK get information about
science and technology from TV (66%), newspapers (36%) and websites (39%). Here, the UK is very similar
to the EU28/EU15 averages, the corresponding figures being: TV (65%/65%), newspapers (33%/36%) and
websites (32%/34%) (EC, 2013). The most recent Finnish national PAS survey suggests a similar picture:
here, 81% say that TV and radio are important sources, while the corresponding figures are 71% and 70%
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for newspapers and all internet sources, respectively (TT, 2016). Based on previous surveys, TT (2016)
comments that the figures for traditional media are declining, while the internet is increasing. By contrast,
New Zealand would appear to be a little further, and the US a lot further, along this transition. In the most
recent national PAS research in New Zealand, 69% identified TV as a source of information about science
and technology that they had used in the past year, alongside the following main sources: online videos (e.g.
YouTube): 45%; newspapers and magazines: 45%; online news sites: 45%; and, internet research: 42%
(Neilson, 2017b). Meanwhile, in the US, 55% identified the internet as their primary source of information
about science and technology (this figure has been rising gradually since 2001), while 24% and 4% cited TV
and newspapers, respectively (both of these figures are declining) (NSB, 2018)%.

The challenges to being informed

National PAS surveys offer a mixed picture about the extent to which people feel informed about science and
technology, but also give voice to a range of concerns about the challenges of establishing ‘the facts’ or
being informed about science and technology. While this latter phenomenon might contemporarily be framed
in terms of recent ‘post truth’ debates, it is important to note that these appear to be also related to much
longer standing challenges relating to the ways in which science and the media work, both independently
and in their interactions (Gregory and Miller, 2000).

Starting with the extent to which people feel informed about science and technology, the 2014 UK PAS study
suggests that more people in the UK do not feel informed (55%) than feel informed (45%) about ‘science,
and scientific research and developments’; this has typically been the case since 2005 according to this
series of studies. EC (2013) asks a different question on this theme; it mentions ‘technology’ and does not
mention ‘research’. This study suggests that 56% in the UK feel informed ‘about developments in science
and technology’ and 43% do not; self-perceptions of being informed are significantly lower in the EU28
(40%) and EU15 (43%) than in the UK, according to this study. Meanwhile, in New Zealand, more people —
60% — say that they feel ‘well informed’, while 37% say that they do not (Neilson, 2017b).

Research in the UK and New Zealand suggests that there is an appetite for more information about science
and technology. As was mentioned in the previous section, the 2014 UK PAS research suggests that 51%
feel that they hear and see ‘too little’ information about science, while just 6% hold the opposite view (there is
little change from the 2011 research) (Ipsos MORI, 2011; 2014). In New Zealand, more people indicate that
they hear and see about the right amount of information, but still 43% say ‘too little’ and just 6% say ‘too
much’ (Neilson, 2017b).

At the same time, research also highlights a number of long-standing challenges that people might
experience when trying to establish ‘the facts’ or to become informed about science and technology issues.
The first of these is the extent to which people feel or do not feel capable of understanding — or becoming
informed about — science and technology, Ipsos MORI (2014) suggests that there is a significant minority
who themselves feel that this is a challenge. For instance, although 54% disagree that, ‘1 don’t think I'm
clever enough to understand science and technology, and although this represents an ongoing increase
since 2000, still 30% agree with this statement. This question was also posed with respect to engineering for
the first time in 2014, yielding almost exactly the same results. Further, 43% agree that, ‘I cannot follow
developments in science and technology because the speed of development is too fast’ (this is broadly
consistent since 2000), and 55% agree that, ‘science and technology are too specialised for most people to
understand them’; there is broadly a downward trajectory here since 2000.

37 Although this is by no means clear, it may be significant that Ipsos MORI (2014) refers to on-line, EC
(2013) to websites (in the English version) and NSB (2018) to the internet.
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In addition, many people appear to find it challenging to establish ‘the facts’ from among the information that
is available. For instance, the 2014 UK national PAS survey suggests that 71% agree that, ‘there is so much
conflicting information about science it is difficult to know what to believe’. This is consistent with the 2011
survey (the first time the question was asked). While it is also significant that only 52% agree with the
statement, ‘the information | hear about science is generally true’ (up from 46% in 2011), it is perhaps more
meaningful that a higher percentage than is typical — 40% — responded that they ‘neither agree nor disagree
or ‘don’t know’.

One of the key reasons for this second challenge is related to public attitudes to the media. In keeping with
broader research on public attitudes to the media, research into public attitudes to science in the media
suggests that the public is not trusting of journalists or the media. For instance, in the studies that include
journalists in the set of professions that is tested, journalists score very poorly in terms of public trust (Ipsos
MORI, 2011; 2014; Wellcome Trust, 2016; Ipsos MORI, 2017). In addition, the 2014 UK PAS survey
suggests that agreement is high with respect to both, ‘the media sensationalises science’ (71%, broadly
consistent since 2005)) and ‘politicians are too easily swayed by the media’s reaction to scientific issues’
(also 70%, representing increases of 4% on 2008 and again on 2011). Although the media is not examined
in most national PAS research, in Germany 34% have said that they are satisfied with media coverage of
science and research, while 22% responded that they are unsatisfied (WD, 2016)

It has long been acknowledged that — for a range of reasons — the relationships between science, the media
and the public are challenging (Gregory and Miller, 2000). At the same time, it seems plausible that these
challenges are deepened in the internet and social media age (Groshek and Bronda, 2016).

Science-related activities

The 2014 UK PAS research (Ipsos MORI, 2014) suggests that 67% of the UK adult population had
undertaken at least one science-related activity outside of school/college or work in the past year, and that
38% had undertaken two activities. Based on a differently worded question, Wellcome Trust (2017) places
the former figure at 51%. In both studies, the most undertaken activities were visits to: nature reserves (Ipsos
MORI, 2014: 40%; Wellcome Trust: 41%), zoos or aquariums (39%; 36%) and science museums (23%;
20%38). Thereafter, the figures are: science and discovery centres (13%; n/a), laboratory visits (7%; 6%),
planetariums (6%; 6%) and science festivals (3%; 2%). Although ComRES (2017) groups activities
differently, broadly similar patterns are observable here too: museum/planetarium (54%),
zoo/aquarium/nature reserve (54%) and laboratory visits (8%).

The 2014 UK national research (Ipsos MORI, 2014) makes a number of observations on this topic:

= Although the precise list of activities tested changed slightly from 2011, the study reports broad stability in
this regard;

= Although there is a concentration of science-related activities on offer in London, people in London
undertake fewer activities than the UK average. The authors speculate that this is likely to be explained
by London’s more socially and ethnically diverse population — as aforementioned, ethnic minorities and
the less affluent are less likely to visit these sorts of places;

= The study indicates that there is a single group of people who typically go to all sorts of cultural activities,
whether science or arts-related, rather than two different groups of ‘arts’ and ‘science’ people.

=  White people are more likely than those from ethnic minorities to have done a science-related activity
(69% versus 51%).

38 Wellcome Trust (2017) also includes science centres in this category.
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Although the data from other countries is not as detailed as the UK data, it does appear to show broadly

similar patterns of participation:

= Canada: zoo and aquarium: 43%; science museum: 32% (CCC, 2014).

= New Zealand: zoo, aquarium, museum, science centre and planetarium: 50%; and natural environment:
26% (Neilson, 2017b).

= US: zoo, aquarium: 48%; natural history museum: 30%; science and technology museum: 26% (NSB,
2018).
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Chapter 11 Conclusions

Introduction

The objective in this final Chapter is to summarise the key findings of the report and to discuss some of them
within the broader contexts of policy and action within UK science and in UK public engagement with
research (PER). While some aspects of these discussions are positive in that they offer scope for the
development of PER policy, others are more challenging as they reveal tensions between public attitudes,
the ways in which UK science and technology projects are managed and governed by UK ‘expert systems’
and PER policy.

Background to the literature review

This literature review has been produced as part of the 2018 UK Public Attitudes to Science (PAS) study,
funded by the UK Department for Business, Energy, and Industrial Strategy (BEIS). Responding to ongoing
concerns about public support for science and technology in the UK and other technologically-advanced
countries, this round of the UK research follows earlier studies in 2000, 2005, 2008, 2011 and 2014, and is
part of a growing international body of national PAS studies and academic work. The objective of this
literature review is to identify and present broad-based narratives from the public attitudes to science,
technology and engineering literature. The review focuses on the UK, within the context of other
technologically-advanced countries. The review particularly emphasises studies that were conducted since
2010. The review methodology drew on the principles of Rapid Evidence Assessments.

‘Contingent progress’

In an effort to encapsulate the overall findings of this literature review, we wish to employ and further
elaborate on Smallman’s (2018) term, ‘contingent progress’. As was discussed in Chapter 3, on the basis of
her analysis of materials from Sciencewise projects, Smallman uses this term to describes public attitudes to
science and technology. Smallman describes the attitude of ‘contingent progress’ thus: ‘science and
technology are seen not only as producing goods and solutions but also as producing (unforeseen)
problems, problems which are as inherent to the technologies as the benefits they bring, where industry is a
necessary but distorting influence that needs to be managed by the state’ (p670).

This review — based on a broader set of materials — reaches very similar conclusions. For instance, in the
context of ‘progress’, the review suggests that publics typically appreciate the importance of science,
technology and engineering to society. In addition, it shows that science and engineering are among the
most trusted and respected professions, but that — emphasising contingency — private or commercial science
are not as well trusted. Further emphasising contingency, the review shows that the ‘expert systems’ that
direct and manage national programmes and projects in science and technology are not trusted to reflect
public interests and values (as opposed to those of government and industry). We discuss ‘expert systems’
further in section 11.7.

At the same time, further emphasising contingency, the review shows that sizeable minorities (in the UK and
elsewhere) feel that the pace of change in science and technology is too fast, and that more reliance on faith
(as opposed to science and technology) would be appropriate. With respect to pace of change, this is
sometimes a small majority.
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Methodological challenges: from the general and the specific

In section 2.3 we discussed a range of methodological challenges that characterise the large-scale national
PAS surveys upon which the institutions of science — and, indeed, this review — overwhelmingly rely. At this
stage, we would like to reiterate Wynne’s (1991) warning against the ‘simplistic over-interpretation of large-
scale surveys’, especially those that relate to the unitary object, “science” in general and very often focus
largely on quantitative measures. In addition, as we have discussed, quantitative surveys — while valuable in
many ways — are not good at capturing context and contingency. However, as Wynne implies, attitudes to
science — though relatively stable in some ways — are exactly that, context-dependent and contingent, and
they are formed through everyday experiences. The two examples discussed in section 11.7 might be good
illustrations of the negative ways in which the public sometimes experiences science and technology in
context.

For policy-makers, perhaps, Wynne’s challenge — then as now — is to focus more on understanding and
acting on the dimensions of these contingencies as they apply to people’s everyday encounters with
specific applications of science and technology. A further challenge, required by this move, would be to
focus much more on qualitative and even ethnographic approaches to data collection and analysis.

Positive findings

From the perspective of the institutions that govern UK science, there is no doubt that the overall picture
presented by quantitative data in this review has a number of positive aspects to it. There is evidence that
public trust in science and scientists, and engineering and engineers, increased slightly between 2011 and
2014. In addition, these two professions are typically more trusted than most professions. As was mentioned
earlier, this might imply that the public sees these individuals and professions as a beacon of trustworthiness
or ‘truth’ within the context of a broader ‘post truth’ world. UK publics clearly also attribute a range of other
positive attributes to these professions. In addition, the UK public typically acknowledges the importance of
science to society (with the possible exception of the local and community level, and this is discussed below)
and is interested in science, particularly health-related and medical science and technology.

Trends over time and international contexts

Generally-speaking, following shifts towards more positive UK attitudes to science, technology and
engineering between 2000 and 2011, attitudes appear to be more stable between 2011 and 2014. This is
perhaps to be expected as the improvements in the early part of the twenty first century are often associated
with a sense of ‘recovery’ following a number of challenges around the turn of the century (such as GM,
BSE/CJD, and foot and mouth). In addition, while it is not possible to establish cause and effect in this
regard, it seems plausible to suggest that the ongoing UK commitment to public engagement with research
is one of the factors that has contributed to these positive findings.

As has been discussed international comparisons based on single country studies are not straightforward for
a number of reasons. Indeed, even those international studies that are available do not allow full comparison
of the UK with other technologically-advanced countries. That said, on the basis of the limited number of
international studies that have been included in this review (e.g. EC, 2013; QE Prize, 2014), we can
conclude that — broadly speaking — the UK is more-or-less average with regards to public attitudes to
science, technology and engineering. Indeed, the extent to which the UK public is typical of publics in
technologically-advanced countries in these regards is striking. Of course, this means that on most measures
there are countries with more positive public attitudes to which the UK might aspire (as well as countries with
less positive attitudes). These are not straightforward to implement, but further international research to more
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adequately understand public attitudes across technologically-advanced and to investigate the dimensions of
the differences between countries would be of great value. As was mentioned earlier, the Wellcome Global
Monitor39, the first of which is due for publication in 2019, will be valuable in this regard.

Trust in ‘expert systems’

As was discussed in Chapter 3, the term ‘expert systems’ (Giddens, 1990) has been used in this report to
encapsulate the networks of expertise, institutions and regulatory processes (of markets, technologies and
practices) that people rely on to manage science and technology. A key finding of this review is that the high
level of public trust that is expressed for science and scientists (and engineering and engineers) is not
reproduced with respect to ‘expert systems’. Here, on the basis of quantitative studies, terms such as
‘resigned trust’ (Ipsos MORI, 2014) and ‘tolerance of technocracy’ (Bauer et al., 2016) have been used. In
addition, qualitative research, and qualitative analysis of a range of deliberative projects, has suggested that
the public believes that ‘expert systems’ often do not act in ways that the public understands to be
trustworthy. For instance, research suggests that the public is often sceptical of the willingness of ‘expert
systems’ to: foreground public interests and values (over those of commercial interests); attend to any
unequal distribution of the benefits and risks that accrue from science and technology; and, to implement
robust systems to ensure responsibility and accountability when things go wrong (Macnaghten and Chilvers,
2014). In addition, Smallman’s (2018) work — and this literature review — highlight the disjuncture between
the ‘contingent progress’ attitude of the public and the ‘science to the rescue’ discourse that is consistently
presented in expert and governmental materials. To recap, Smallman (2018) describes ‘science to the
rescue’. Here, ‘science is a driver of our economy and competitiveness and can solve our problems and
deliver social goods; social and ethical issues are public matters relating to risk and understanding that stand
aside from the technologies themselves and can be quantified and resolved my more research or
information’ (pp669-70). It seems highly plausible that this disjuncture is itself a source of public concerns
about science and technology.

This example, which was prominent in the news during the preparation of this report, might illustrate the
challenge here. In September 2018, the Infected Blood Inquiry*® began, some forty years after concerns
were first raised. While a self-evidently positive step, this case illustrates the common sense of public
concerns about the ability of ‘expert systems’ to implement meaningful systems of responsibility and
accountability when things go wrong.

These examples serve as an important reminder that it is important for ‘expert systems’ to reflect more
fully on the ways in which they themselves contribute to public disquiet or lack of trust, rather than
diagnosing this as a public problem to be addressed through public engagement (Wynne, 2006). This,
in turn, brings back to mind the very interesting recommendation in BBSRC-EPSRC (2011) regarding the
importance of appropriate future leadership within ‘expert systems’. Policy-makers may wish to consider and
investigate what forms of future leadership these findings demand.

The importance of science and technology at local and community
scales

In Chapter 6, we discussed the finding that — in a UK study — science does not compare favourably with two
other activities with respect to two measures: ‘bringing communities together’ and ‘local science events are
important’ (Neilson, 2017a). To recap, while the levels of agreement for science are 35% and 30%, the

39 https://wellcome.ac.uk/what-we-do/our-work/public-views-science-and-health#wellcome-global-monitor.
40 https://www.infectedbloodinquiry.org.uk/.
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corresponding figures for sports are 62% and 43%, and for arts and culture, 54% and 47%. It is important to
note that this is a single finding and further investigation of this issue — perhaps qualitative, as well as
quantitative — would be of value. Nonetheless, this finding is striking, not only because science does not
score as well as the other two activities, but also because the scores for science are much lower in these
specific contexts than they are at a more general, abstract or national level.

When we think about participation in Saturday and Sunday football, or — at a lesser scale, perhaps —
amateur dramatics, it is easy to see why sports, and art and culture might score more highly than science in
these regards. Importantly, though, the question is: how might science become more like Saturday football or
amateur dramatics? Of course, local and community-based science projects are a feature of the UK public
engagement landscape, often as part of the citizen science agenda. The term citizen science is typically
used to encompass a wide variety of formats and activities (some more and some less participatory) in which
scientific work is undertaken by members of the general public (some more and some less scientifically-
literate), sometimes in collaboration with professional scientists and scientific institutions (see Hecker et al.,
2018 for a range of recent perspectives). Should this finding be taken seriously, the institutions that fund UK
public engagement might wish to place greater emphasis on:

= Citizen science projects in general;

= The local, bottom-up, grassroots, community-based and -led, and participatory elements of such
projects (for instance, through processes such as co-creation and co-design, and by offering
more opportunities for community led projects). This might imply more direct funding to local, non-
professional organisations and perhaps less emphasis on the professional and institutional aspects of
citizen science projects.

It may be that the public engagement community can learn — in context appropriate ways — from the
practices and processes that are employed by the arts and by sports at the local and grass roots level.

Inequality

As was discussed in Chapter 3, one of the most consistent findings in PAS studies, across a range of
country contexts, is that people from lower socio-economic groups (variously measured) tend to have less
positive attitudes, to be less interested, to feel less informed and to participate in fewer science and
technology-related activities. Importantly, this finding is also reproduced among young people in terms of
their science career aspirations.

Within the public engagement agenda, a key response to such findings has been to endeavour to go beyond
the white, middle class ‘usual suspects’ and to purposefully target people in lower socio-economic groups. Of
course, this is highly laudable. However, such research findings have also prompted Archer et al. (2013) to
propose that tackling inequality should be part of a package of measures designed to increase ‘science
capital’ in the UK. From the perspective of a broad-based literature review, the consistency with which
these findings appear suggests that Archer et al. (2013) are correct to emphasise this broad social
response alongside measures that specifically focus on public engagement.

Engineering

In some respects, the findings of this literature review with respect to engineering are similar to those with
respect to science and technology. Levels of trust in engineers are relatively high, and engineering is
associated with a range of other positive attributes in the minds of publics in many countries. Engineering is
also recognised by the public as important to society.
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At the same time, the review highlights a distinctive challenge for engineering. In particular, the review shows
that publics tend to be less familiar with and less interested in engineering than with respect to science and
technology. These will be familiar findings to those working in engineering institutions and work will no doubt
continue on addressing these issues.

Media and information

In the UK and some other technologically-advanced countries, although the internet is an increasingly
important source of information about science and technology, TV and newspaper still appear to be more
important (although the internet is already more important when people are seeking specific information). In
the US, the internet is the most important source. In the UK, reflecting long-standing concerns as well as
more contemporary post-truth concerns, levels of public concern about media reporting of science issues are
high and many people express difficulties about establishing ‘the facts’ about science and technology. In the
UK, around half of the public feel informed about science and technology (this is replicated in some other
technologically-advanced countries) and around half do not feel capable of understanding science and
technology. These concerns might be a prompt for PER policy to emphasise this issue more fully, in terms of
helping people to identify reliable sources of information about science and technology.

Gender

The literature review suggests that the long-standing ‘gender divide’ (Ipsos MORI, 2014) across attitudes to
science — trust, support, interest, feeling informed etc — shows no sign of narrowing. Indeed, the only
measure on which women typically score more highly than men is interest in health-related science (as well
as concerns about science, of course). Alongside gender differences in aspirations to, the uptake of and
progression in science and engineering careers, these challenges are well-known to policy-makers, and
action on these issues should continue.

Education and career aspirations

Young people in the UK appear to be broadly satisfied with their science education. Although the science
career aspirations of young people in the UK appear to be lower than some other professions, there is also
evidence that they compare favourably to other technologically-advanced countries.

Interest and activities

Within technologically-advanced countries, there is a moderate level of interest in science and technology
(the UK faring better on this measure compared with the EU average). In general, across technologically-
advanced countries, medical and health issues attract more interest than other scientific issues such as
technology and the environment, and engineering attracts less interest. Some research suggests that
interest in science-related topics is greater than in other topics (such as politics or sport), while other studies
indicate contrary or mixed pictures. Contrary to the general trend, the evidence suggests that interest in
medical and health science is greater among women than men. More than half of people in the UK have
participated in a science-related activity (outside of school/college or work) in the past year (2014 and 2011).
Participation levels are similar in a number of other technologically-advanced countries for which data are
available.
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Final comments

Perhaps the key finding of this review is the distinction between two sets of findings. The first is the more
positive findings relating to science (and scientists), in general, for instance relating to trust, other positive
attributes, interest, support and so on. No doubt, ongoing attention to PER and broader science
communication activities will continue to contribute to such positive attitudes. The second is the much more
mixed findings — for instance, the relative lack of trust — related to particular technologies or application and,
in particular, the ways in which they are determined and managed by ‘expert systems’. These findings are
not new, they have been discussed in a variety of ways for more than thirty years. However, if it is the case
that public trust in science should also mean public trust in ‘expert systems’, it is to be hoped that the people
working within such systems — particularly in positions of seniority and leadership — will be able to turn the
science and society lens onto their own actions.
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