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Abstract
Citizen Science attracts a lot of positive attention and a convenient alignment with it might offer
multiple benefits for Community Operational Research. But what would be the basis for such an
alignment? Could it offer important reciprocal benefits for Citizen Science? We address our first
question by conducting a systematic comparison of Community Operational Research and Citizen
Science to reveal points of commonality and difference between the two. Having established the basis
for alignment, we then address our second question by exploring how alignment might be realised at
micro, meso and macro levels. Through this exploration, we highlight opportunities for Community
Operational Research to avail itself of Citizen Science’s proximity to policy makers, and we make
available to Citizen Science some approaches from Community Operational Research for structuring
issues and dealing with contestable knowledge claims.

Keywords: Community Operational Research; Citizen Science; Problem Structuring Methods; OR in
Environment and Climate Change; Systems Thinking

1.

Introduction
Citizen Science (CS) and Community Operational Research (COR) differ markedly in terms of

access to and attention from important stakeholders (e.g. policy makers), with consequent impacts on
the availability of research funding and support. Given CS’s preferential position, it seems logical to
suggest that an alignment with it might bring benefits to COR. But what would be the basis for such
an alignment, and what benefits would it bring for CS? If judged merely on a summary review of the
literature, COR and CS may not appear to have much in common, with the two developing alongside
each other but hardly, if ever, communicating. Superficial appearance, however, may be deceptive
and belie deeper level commonalities, so it is one of the aims of this paper to identify these. We need
to begin, though, by establishing some context and reviewing the origins of COR and CS.
Let us start with COR which, according to Jackson (1987a, 2004), has its origins in a ‘long
tradition’ of international practice. This tradition includes Ackoff’s (1970) paper on the Wharton
School’s work with inhabitants of the local Mantua ghetto in Philadelphia; Cook’s projects with innercity community organizations (Cook, 1973; Luck, 1984); Beer’s engagement with the Allende
Government in Chile (Beer, 1981); and various projects undertaken from Bath University (Jones and
Eden, 1981, Sims and Smithin, 1982). Early practice was complemented with critical reflection, as
demonstrated by Churchman’s (1970) concern for the OR profession’s lack of engagement with
matters that cause ‘social anxiety’. In addition, Cook (1984) lamented the shift from the aspirations of
OR’s early theorists and practitioners of ‘science helping society’ to that of ‘science helping the
establishment’ (Jackson, 1987a, p.48). A similar tone of lament can also be found in Rosenhead’s
inaugural address as President of the UK’s Operational Research Society, which gave real impetus
and recognition to COR (Rosenhead, 1986). While Midgley and Ochoa Arias (2004a) reflect on the
longevity of COR as an established stream of practice within the OR profession, it has a relatively
short and ordered history if compared with that of CS.
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‘Contemporary science has its roots in the achievements of amateur scientists of centuries past’
(Mims, 1999), and it was only with the growth of universities and other such institutions that research
questions moved away from the everyday experience of the amateur. In recent times, though, the
expression of critical narratives on scientific knowledge which question its reliability and status in
society (see for example Ziman, 1978) have inspired efforts to reclaim science by, or on behalf of,
amateur or citizen scientists. Such efforts found expression in the UK in Irwin’s (1995) book, Citizen
Science – the title being purposely chosen because it ‘evokes a science which assists the needs and
concerns of citizens’ (p.xi), while implying ‘a form of science developed and enacted by citizens
themselves’ (p.xi). Around the same time, in the USA, Bonney (1996) used the identical term to refer
to the Cornell Laboratory of Ornithology’s growing number of public research projects. It is worth
noting that this crowd-sourced form of CS goes under a variety of other names such as ‘community
science’ (Carr, 2004). Indeed, the tradition of research with and by indigenous peoples, which seeks
the liberation of science from dominant Western perspectives (Smith, 1999), is also a close ally. While
citizen participation is a focus of both, Lawrence’s (2006) scheme of dimensions of power and
knowledge suggests a different classification of each. The Cornell Laboratory of Ornithology’s work is
classed as consultative/functional (Ely, 2008; Conrad and Hilchey, 2011), based on citizens providing
information to experts and implementing their decisions. In contrast, Irwin’s (1995) version of CS is
transformative, being focussed on the empowerment of citizens, with expert engagement only when
necessary. Consequently, Irwin’s version of CS provides the focus for this analysis, although
Bonney’s work is not irrelevant as it represents a very influential, perhaps even the dominant, view of
the movement. Indeed, in some ways, the crowd-sourced view of science is more timely as it has only
relatively recently become possible because of technology putting engagement within the reach of the
masses (Gouviea, Fonseca, Camara, and Ferrira, 2004; Silvertown, 2009).
Having provided a summary review of the origins of COR and CS, in section 3 we elaborate on
this in a systematic comparison of the two. The findings of this comparison provide the basis for the
achievement of the second aim of this paper, in section 4, which is to establish how an alignment of
COR and CS might be realised at micro, meso and macro levels of practice. Our first task though, in
the next section, is to make explicit the framework of analysis on which our comparison of COR and
CS is based.
2.

The Framework of Analysis
Levin (1994) proposes a frame of reference based on meaning construction as ‘cogenerative

learning where both the "inside" problem owners and the "outside" professionals interact in a mutual
learning and developmental process. Through this process, in the interplay between theoretical
formulations and practical knowledge, meaning is constructed’ (Levin, 1994, p.28). Levin’s statement
has resonance for both COR and CS, and we take his framework as an appropriate structure to
support a comparison that goes beyond surface level phenomena to reveal deeper level
commonalities and differences. First, though, it is important to clarify some of the terms used in this
framework.
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In the main, both COR and CS involve the interaction of professionals with real world problems,
which involves them engaging with the logic of understanding of concerned citizens, and this is likely
to be different to their own. We adopt Levin’s use of the term ‘professional’, although we recognise
that issues of professionalization (Ormerod, 1998; Kirby, 2006) and associated standards (Bradshaw,
2003; Whitelaw, Vaughan, Craig, and Atkinson, 2003; Gouviea et al, 2004; Conrad and Hilchey, 2011;
Riesch and Potter, 2014) are controversial, particularly in the UK, and the term ‘practitioner’ is more
commonly used. However, use of the latter term might create confusion given the particular sense in
which we are to use the associated term of ‘practice’. Consequently, we adopt a broad interpretation
of the term ‘professional’ to refer to operational researchers and scientists, active in the professional
or academic domain. Such professionals commonly have associations to membership bodies
requiring the mastery of a prescribed set of skills or knowledge base, but these bodies may or may
not have the power to license their members. A similarly broad interpretation is used of the term
‘citizen’ to refer to community-based individuals as well as civil society organizations and groups,
including voluntary and non-governmental organizations (NGOs). Of course, there is overlap between
the two, as professionals are also citizens; but more on this later. Given this clarification of terms,
following Levin (1994), we look to base our framework of analysis on:
•

Theory - the meanings developed and communicated within a scientific community (Kuhn,
1962; Berger and Luckmann, 1971). This is the domain of meaning conventionally aligned with
professionals and professional associations. Contemporary understandings of theory include a
concern for the contextual validity of methods (Jackson and Keys, 1984; Midgley, 2000;
Midgley, Cavana, Brocklesby, Foote, Wood, and Ahuriri-Driscoll, 2013).

•

Practice - the application of theory. This is the domain of meaning conventionally aligned with
citizens, civil society organizations and NGOs.

•

People - the users of theoretical and practical knowledge. This includes professionals and
professional associations as well as citizens and associated civil society organizations and
NGOs.

The relationships between the three elements give rise to a nine-celled matrix (Table 1) in which
the diagonal separates two opposing epistemological positions (Levin, 1994). The upper half of the
matrix is, according to Levin, based on the logical positivist tradition. A more current interpretation of
this position might refer to neo-positivism, a term that is often used with reference to the work of
Popper (1959, 1972) and like-minded philosophers of science who revised the assumptions of logical
positivism to deal with elements of it that had lost credibility. The lower part of the matrix is in line with
a meaning construction process based around emancipation.
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Table 1. Theory, People and Practice: Two Opposite Positions (based on Levin, 1994)
Theory

People
Theory is
constructed
scientists based on facts.

Theory

People

Practice

Citizens participate in the
creation of new theory through
the solving of their practical
problems.
Theory is developed from
practice.

by

Practice
Practice follows from theory.
Knowledge is generalisable,
hence citizens are expected to
act on logic derived from other
contexts.

Local knowledge is valued and
leads to emancipation.

Table 1 differentiates two polarized positions (neo-positivism and emancipatory praxis), but
Levin (1994) also suggests a position based on co-generative learning: a mutual learning and
developmental process between citizens and professionals, which serves to address concerns for
both practice and theory. Jasanoff (2004) refers to such a form of engagement as the ‘co-production
of knowledge’, and indicates its ontological status by stating that ‘the ways in which we know and
represent the world (both nature and society) are inseparable from the ways in which we choose to
live in it’ (pp.2-3). Along similar lines is Community Based Participatory Research, developed from the
work of, amongst others, Freire (1970), Fals-Borda and Rahman (1991) and Chambers (1997), which
is characterised by an equal partnership between citizens and professionals (Munck, 2014).
The relationships between theory, people (here replaced with ‘citizens’) and practice (Fig. 1)
give rise to a set of significant questions that reflect Levin’s concern for the support of citizen
interests. However, Levin recognises that such a concern is problematic, and he refers to both
Dewey’s (1990) and Gramsci’s (1971) warnings that models and logic can dominate citizens and
result in knowledge that may not be of interest to them or actually in their interests (Elden and Levin,
1991). Hence, although we continue to employ the term ‘in their interests’, this is not regarded as a
fixed position but rather as evolving, in the sense of learning and having meaningful engagement in a
‘transformative’ process that changes meaning, power or social organization (Lawrence, 2006).

CITIZENS
Is theory understood by
citizens and based on their
interests?

Are citizens able to act
in their own interests?

MEANING
PRACTICE

THEORY
Are research questions derived from
theory or practice?

Fig.1 Framework of Analysis for Meaning Construction (based on Levin, 1994)
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3.

Application of the Framework to COR and CS
Here, we will use the framework of analysis to compare COR and CS. Such a systematic

analysis should serve to reveal points of commonality and difference that help define each of these
areas.

3.1

Citizens and Theory
These are linked because the scientist or COR worker is a change agent who can never avoid

impacting on the social world (Skjervheim, 1974, cited in Levin, 1994; Midgley, 2000). The
relationship between citizens and theory is expressed through a question concerning social
relevance: is theory understood by citizens and based on their interests? This question suggests the
interrogation of the impetus for COR and CS and how citizens may gain access to it.

3.1.1 Community OR
In his inaugural address as President of the UK’s OR Society, Rosenhead (1986) posed the
question of ‘who O.R. worked for (“custom”)’ (p.335). In addressing his own question, Rosenhead
argues that the customers are, in the main, ‘big business, public utilities, the military and central
government departments, with a thin scatter of local governments and health and other public
authorities’ (p.336). In light of this revelation, Rosenhead recalls the work of Cook who had identified
other groups ‘located outside the power structure’ (Rosenhead, 1986, p.337), such as consumer
groups, political parties, charities and residents’ associations who might make use of OR but for
whom OR is largely absent. In looking for reasons for this, Rosenhead entertains and rejects the idea
that it is perhaps due to a lack of resources by referring to the dearth of OR undertaken with trade
unions, which have significant funds. Having rejected a lack of resources as a rationale, Rosenhead
goes on to engage with the idea that OR’s pattern of activity has more to do with power, as the trade
unions ‘represent certain interests of their members which are generally inimical to those represented
by management’ (p.337).
Such was the impact of Rosenhead’s inaugural speech and his efforts within the OR Society
that the engagement of professionals with non-traditional clients quickly became legitimized within the
OR establishment, but the usefulness of existing OR methods in this engagement was questionable.
Jackson (1987a, 2004) refers to the type of OR undertaken for managers as ‘impoverished OR’ and
relates it to the dominance of the technical interest (Habermas, 1972), reflecting a concern for work
and mastery over natural and social environments rather than a practical interest in mutual
understanding or an emancipatory interest in freedom from oppressive power relationships. In due
course, such concerns were given appropriate consideration by the Steering Group for the
Operational Research Society in defining the aims of COR as being to (Jackson, 1987a, p.50):
(a)

‘extend awareness of OR to new sections of the community’;

(b)

‘demonstrate the relevance of OR to a wider range of problem situations’;
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(c)

‘enrich OR methodology and revitalise intellectual life through involvement in novel types of
problem’;

(d)

‘contribute to improving the quality of discussion and decision-making in society at large’.
In recognition of the interest in this new stream of activity, the OR Society’s Council launched an

initiative to found a research centre. The Community Operational Research Unit was located at
Northern College, and later it moved to its present location at the University of Lincoln. The OR
Society also, in the 1980s, provided support for the Centre for Community OR at the University of Hull
(later to be merged into the Centre for Systems Studies), and the Community OR Network of around
300 OR practitioners. The universities of Lincoln and Hull continue to actively practice and promote
COR, and the OR Society still has a COR special interest group, which is complemented by the Pro
Bono initiative, launched in 2013, for UK-based third sector organizations (OR Society, 2017). The
Institute for Operations Research and the Management Sciences (INFORMS) also launched a similar
initiative in the US under the name of Pro Bono Analytics®, which serves to meet the needs of
community development corporations by matching them with members willing to volunteer their skills
(INFORMS, 2017). Initiatives such as these have enabled citizen access to COR, as evidenced
through the significant body of case studies in the published literature (e.g. Ritchie, Taket, and Bryant,
1994; Bowen, 1995; Rosenhead and White, 1996; Midgley, 2000; Midgley and Ochoa Arias, 2004b).
Nevertheless, in comparison with the scale of OR mainstream activity, COR is recognised to be a
minority interest.
Recently, Johnson (2012) has brought renewed interest to the field with his promotion,
particularly in the US, of a stream of activity that goes by the similar title of Community-Based
Operations Research (CBOR). Johnson and Smilowitz (2012) define CBOR as,
a subfield of public-sector OR...that emphasizes most strongly the needs and concerns
of disadvantaged human stakeholders in well-defined neighborhoods. Within these
neighborhoods, localized characteristics vary over space and exert a strong influence
over relevant analytic models and policy or operational prescriptions (p.38).
The ‘related remit’ of CBOR and COR has been recognised (Rosenhead, 2013), but it is worth
mentioning a key difference. While ‘COR takes as its remit to work with (i.e., to take as its clients)
disadvantaged community groups themselves’ (Rosenhead, 2013, p.610), this contrasts with Johnson
and Smilowitz’s (2012) focus on providing ‘specific policy and operational guidance to decisionmakers in a way that extends existing theory and methods’ (p.39). Such a contrast brings us back to
our guiding question, ‘is theory understood by citizens and based on their interests?’ On the basis of
the preceding discussion, it can be argued that an affirmative answer is appropriate as the impetus for
COR, as articulated by Rosenhead, and its realization in practice, through various initiatives, involves
OR professionals working on issues raised by citizens or associated groups.
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3.1.2 Citizen Science
CS, like COR, can also be seen to be a reaction against the establishment. At the start of the
1990s, a stream of publications questioned the relevance of science to everyday life and its
association with ‘troubling areas of development’ (Irwin, 1995, p.ix). In the wake of scientists’
defensive claims that sociologists wished to ‘undermine science’ (Wolpert, 1992, p.121), in 1995 the
sociologist Irwin published Citizen Science. The book focussed on the modernist relationship between
science and the public in addressing environmental risk, which privileges the aforementioned
‘technical interest’ (Habermas, 1972). Definition of the relationship between science and the public in
this way has its origins in the public ignorance or ‘cognitive deficit’ view (Irwin, 1995, p.13) that
emerged after WW2. At that time, the Association of Scientific Workers declared that ‘Important
decisions needed to be made about the social control of science and industry – it was the
responsibility of every citizen to get involved’ (Irwin, p.12). In similar vein, the Organization for
Economic Co-operation and Development (OECD, 1979) published the report Technology on Trial,
which sought to ensure that the public was not only informed of new technological developments but
also engaged at an early stage when policy goals and objectives were being formulated. Around the
same time, the Royal Society issued a report on the public understanding of science (Royal Society,
1985), which led to a body of literature and a social movement which addresses a perceived
understanding gap between the public and science (Ziman, 1991). Some argue that CS is an
outgrowth of the public understanding of science movement (Suomela, 2014, p.106), reflecting
anxiety that ‘public ignorance should get in the way of scientific/technological progress’ (Irwin, p.10).
Research that questions the willingness and capability of laypersons to engage in a constructive and
open-minded dialogue about socio-scientific problems (Carpini, Cook, and Jacobs, 2004; Nauroth,
Gollwitzer, Kozuchowski, Bender, and Rothmund, 2016) serves to substantiate such anxiety and also
effectively stifles any debate about ethics or values.
Of course, some scientists do actively seek to engage with citizens and, while Bonney (1996)
may not be as politically explicit as Irwin, he has perhaps had more of an impact on mainstreaming
CS by, as a scientist himself, championing open science and crowd-source work. Such is the recent
level of engagement of amateurs in science that organizations coordinating best practices for CS
programmes have been established, such as the European Citizen Science Association (ECSA) and
the Citizen Science Association (CSA) in the United States. In addition, the European Commission
(EC) funded the project SOCIENTIZE, which led to a white paper on CS (SOCIENTIZE, 2014).
However, the paper has a rather disappointing public understanding tone that is at odds with radical
versions of crowd-sourced science, such as ExCiteS (2016) which suggests that citizens should not
only collect and/or analyse data but also engage in generating theory.
CS, as manifested through scientists engaging citizens in projects, now has well-established
structures in place; but are the structures needed to enable citizens to engage scientists in their
practical problems as well supported? The 1979 OECD report refers to ‘science shops’: a pilot funded
by the Dutch government at five universities with a mission to promote socially relevant research on
behalf of under-privileged groups. Since this pilot took place, science shops or associated
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organizations have been established throughout Europe and in Australia, Canada, Haiti, Israel, South
Africa and the USA. Science shops are usually linked to universities where supervised students
engage in research projects as part of their curriculum. Living Knowledge (2017) is a rich source of
information about science shops and community based research. Indeed, the EC has played an
important role in supporting the growth of the science shop movement by funding such projects as
ISSNET (Improving Science Shop Networking) (2017) and TRAMS (Training and Mentoring of
Science Shops) (2017). Recent projects funded by the EC have sought to link CS activity to the
theme of civil society and to strengthen public engagement in the formulation of research agendas
and associated processes.
The preceding discussion enables us now to turn our attention to addressing our guiding
question, ‘is theory understood by citizens and based on their interests?’ Interrogation of the impetus
for CS and how citizens may gain access to it suggests that there are multiple rationales for and
versions of CS, and while some are predicated on citizen interests, others are less so inclined.

3.2

Theory and Practice
These are linked because they are the source of research questions that drive the production of

knowledge. The traditional scientific approach involves the development of research questions or
hypotheses that fill gaps in theory, but it is now accepted that research questions may be based on
practice. Hence a question concerning the process of inquiry: are research questions derived from
theory or practice? This question points to epistemological and methodological issues and how they
are addressed.

3.2.1 Community OR
Rosenhead (1986) not only discusses the ‘custom’ of OR, but also tackles the related issue of
‘practice’ in reflecting that ‘The evolved forms of tools reflect the circumstances of their use’ (p.338).
Hence, mainstream OR’s focus on quantification and modelling effectively down-plays the social and
value-laden nature of decision making and renders the basis for decisions ‘beyond the
comprehension of most people’ (p.339). Recognition of this inspired the call for a more transparent
OR that supports ‘a more lively, complex and elaborate social process of decision-making’
(Rosenhead, p.339). Three streams of complementary, sometimes overlapping, activity may be
regarded as having emerged in response to this call:
•

Problem Structuring Methods (PSMs) (Rosenhead and Mingers, 2001) are a collection of
approaches that offer decision support by ‘way of representing the situation (that is, a model or
models) that will enable participants to clarify their predicament, converge on a potentially
actionable mutual problem or issue within it, and agree commitments that will at least partially
resolve it’ (Mingers and Rosenhead, 2004, p.531). The modelling effort may involve clarification
of normative agendas through dialogue, as PSMs are largely founded on interpretivist or social
constructivist epistemologies (Jackson, 2006). Well-known examples of PSMs are Soft Systems
Methodology (SSM) (Checkland, 1981; Checkland and Poulter, 2006), Strategic Choice
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Approach (SCA) (Friend and Hickling, 1987; Friend, 2001), and Strategic Options Development
and Analysis (SODA) (Eden and Ackermann, 2001; Ackermann and Eden, 2005). There is now
a wealth of case-study reports on the use of PSMs and the potential for learning to be gleaned
from the analysis of micro-level practice is widely recognised (Taket and White, 1997; Mingers
and Rosenhead, 2004; Rosenhead, 2006, 2009; Shaw, Edwards, and Collier, 2006; White,
2006; Ackermann, 2012; Franco, 2013; Gregory, Atkins, Burdon, and Elliott, 2013; Yearworth
and White, 2014; Velez-Castiblanco, Brocklesby, and Midgley, 2016; White, Burger, and
Yearworth, 2016).
•

Critical Systems Practice (CSP) focuses on the distinction of a broad range of problem contexts
and the development of systems based methods appropriate to those contexts. Jackson
(1987a, 2004) recognises that ‘abandoning the narrow scientism of impoverished OR paves the
way for a broader range of methodologies to be brought into play’ (2004, p.68) and suggests
that the much debated system of systems methodologies (Jackson and Keys, 1984; Jackson,
1987b; Flood and Jackson, 1991) might be put to good use to this end. However, merely having
a broad range of systems methodologies to draw on is necessary but not sufficient for good
systems practice, as developing a deep appreciation of the underpinning philosophy is also
necessary. Reflecting earlier discussions about the commitments of CSP (see for example,
Schecter, 1991; Midgley, 1996; Midgley, Munlo, and Brown, 1998), Jackson (2000)
encapsulated their essence in three statements: critical awareness, relating to critique of the
different systems methodologies, and social awareness of the societal and organizational
context; improvement, referring to the achievement of ‘something beneficial’, reflecting a
circumspect aspiration in the light of the postmodernist challenge to the notion of universal
liberation; and pluralism, the need to work with multiple paradigms without recourse to some
unifying metatheory.

•

Systemic Intervention (SI) developed out of CSP and took as its primary concern critical
reflection on boundaries. Midgley (2000) defines SI thus: ‘Systems thinking pursues the ideal of
comprehensiveness, but knows that this is unattainable. However, reflection on the boundaries
of knowledge at least enables us to consider options for inclusion and exclusion...If intervention
is purposeful action by an agent to create change, then systemic intervention is purposeful
action by an agent to create change in relation to reflection on boundaries’ (p.129). Drawing on
earlier work by Ulrich (1983, 1988a, 1988b, 1993, 1996a, 1996b), Midgley articulates a new
approach to SI, explaining key concepts such as boundary critique and marginalization, and his
work has been employed in a variety of community-based projects (e.g. Boyd, Brown, and
Midgley, 2004; Foote, Baker, Gregor, Hepi, Houston, and Midgley, 2007; Midgley, AhuririDriscoll, Baker, Foote, Hepi, Taimona, Rogers-Koroheke, Gregor, Gregory, Lange, Veth,
Winstanley, and Wood, 2007; Córdoba and Midgley, 2008; Midgley and Pinzón, 2013; Barros,
Midgley, and Pinzón, 2015).
These three areas of practice have much in common with action research (AR) (Levin, 1994;

Midgley, 2000; Mingers and Rosenhead, 2004) and, perhaps not surprisingly, AR has been a focus in
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much COR work. Indeed, the Community Operational Research Unit explicitly articulated a working
philosophy of AR following the traditions established in Latin America and Scandinavia (Thunhurst,
1992). This work is not without its critics, however, and Johnson and Smilowitz (2012) suggest some
of it might be classified as ‘“capacity-building” rather than applications based on analytic models
intended to provide specific policy and operational guidance to decision-makers in a way that extends
existing theory and methods’ (p.39). While some COR might indeed be classed as capacity building
(for example, Boyd, Geerling, Gregory, Midgley, Murray, and Walsh, 2007, are explicit that capacity
building was part of their project), it is important not to confuse such interventions with those that are
based on the use of models of a qualitative rather than quantitative nature. Even with this clarification,
it seems fair to say that, although the ends of COR and CBOR might be aligned, their means are not.
So it is perhaps not surprising that, in an otherwise positive review of Johnson’s (2012) book,
Rosenhead (2013) notes that ‘in many cases the models are used only on data collected from a
neighborhood; that is, they were not actually used in hot blood to support decision makers in the
relevant agencies or organizations’ (p.613). Clearly, these comments highlight tensions between COR
and CBOR in terms of both custom and practice (also see Midgley, Johnson, and Chichirau, 2017),
but perhaps the concerns and approaches of COR do require adjusting for current times, and the
emergence of CBOR encourages us to do just this. The needs and skills of citizens and associated
groups have moved on since the 1980s, such that the tools of OR (data and models) are familiar to
most if not all citizens (Caulkins, Eelman, Ratnatunga, and Schaarsmith, 2008). Indeed, Hindle and
Vidgen’s (2017) work with the Trussell Trust on mapping food bank data demonstrates that charities
can make good use of big data and data visualisation. Hence, ‘the OR analyst should not only be
concerned with bringing into being knowledge appropriate to the problem under consideration, but
also with ensuring that the knowledge is incorporated within the client organization’ (Klein, Connell,
and Meyer, 2007, p.1536). Such a requirement challenges the OR professional to employ approaches
that are: not too complicated, transparent and of their time. The value of such a challenge is that the
methods can be handed over (Gregory and Jackson, 1992a,b; Boyd et al, 2007; Gregory and Ronan,
2015), thus bringing about capacity building alongside model building and the use of analytical
approaches at the local level in keeping with COR’s ideological commitment.
Clearly, both COR and CBOR include a broad range of approaches, some closer to decision
makers than others, but all geared to meaningful community improvement-oriented engagements.
Recognition of this brings us back again to our guiding question, ‘are research questions derived from
theory or practice?’ On the basis of the foregoing discussion, we argue that professionals have risen
to the challenge of developing the epistemology and methodology of OR so that it better serves
citizens’ needs, and we answer that research questions are primarily derived from practice.

3.2.2 Citizen Science
While it is recognized that science operates in a diverse range of institutional and disciplinary
contexts (Ziman, 1978, 1991), and consequently generalisations should be avoided, the epistemology
of much science focuses on the scientist as a detached, laboratory based observer, whereas citizen
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knowledge focuses on the embedded, engaged participant (Irwin, 1995). However, when scientists do
‘get out of the lab and remember why they do what they do’ (Stilgoe, 2009, p.41), there is still ‘a
sucking-up of "empirical evidence" which is subsequently emptied out at the scientist's desk. From
this heap of social "facts," scientific knowledge is created’ (Levin, 1994, p.31). Although it should be
recognized that a scientist acting in isolation with a commitment to citizen knowledge may be said to
be practising CS, this is more the exception rather than the rule. Citizens are increasingly regarded by
scientists as more than a mere source of data or a means to collect data, and are engaged a step
further down the research value-chain to evaluate data sets. It would seem that, even in our
computer-dominated age, citizens have a valuable contribution to make to science as ‘Our brains can
discern patterns in raw data sets that are not picked up by computer algorithms, especially novel
patterns or multiple, complex ones’ (Toerpe, 2013). Underlying the popular notion of an enlarged role
for citizens in science is the requirement that engagement be dependent on their abiding by certain
standards amid concerns about the quality of data collected by amateurs and definitions of good
science. Higgins’s presidential address to the British Association for the Advancement of Science
Festival of Science in 2004 reflects such concerns in questioning what good science actually means.
‘Do we mean exciting and novel? Careful and thorough? Safe? Probably yes to all these. But what
about relevant? Applicable?...I think it is a pity we do not spend more time openly discussing what we
mean by “good science”’ (Higgins, 2004, cited in Wilsdon, Wynne, and Stilgoe, 2005, p.50). It is
indeed ironic that the protocols developed to ensure standards often act to opposite effect as they are
ignorant of, or do not sufficiently value,
lay knowledges which might enrich decision-making processes...but which are currently
excluded due to their supposed “irrationality” and anecdotal nature. From the
perspective of a concerned citizen, this does indeed seem insulting, provocative and
detrimental to notions of self-identity and citizenship (Irwin, pp.131-2).
Beyond the mainstream, though, there is recognition (Irwin, 1995, pp.166-167) of the need to
create new social and knowledge relations which:
•

Engage with non-scientific understandings and expertises;

•

Appreciate heterogeneity and do not seek to impose consensus;

•

Focus on problem situations rather than looking to isolate natural science from social science;

•

Acknowledge uncertainty, limitations and the possibility of science practice in everyday life; and

•

Are adaptable to institutional and situational change.
Such social and knowledge relations are suggestive of a new approach to doing science, which

may be found in the work of Funtowicz and Ravetz (1990, 1993), who propose a ‘post-normal
science’ (PNS). In such an approach,
uncertainty is not banished but is managed, and values are not presupposed but are
made explicit. The model for scientific argument is not a formalized deduction but an
interactive dialogue. The paradigmatic science is no longer one in which location (in place
and time) and process are irrelevant to explanations (Funtowicz and Ravetz, 1993,
p.740).
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Wesselink and Hoppe (2011) develop our understanding of PNS by defining the elements
specific to it as the assessment of: firstly, whether the problem is post-normal in terms of uncertainty,
value contestation, high decision stakes and urgency, and secondly, the quality of information based
on NUSAP (Numeral, Unit, Spread, Assessment and Pedigree) (2017) and/or extended peer review.
Significantly, PNS was recently referred to, not as an approach to science, but ‘as a heuristic riskassessment framework to assist decision-making at the interface between environmental science and
public policy’ (Grinnell, 2015, p.257).
The method of PNS fits well with key outlets for CS practice, such as science shops. Funtowicz
and Ravetz (1993, p.740) characterise PNS as ‘issue-driven’, and citizens often initiate contact with
science shops in the hope of finding research assistance to address their local issues. As there is
usually a commitment to developing a true partnership with citizens, and their issues tend not to
respect academic silos, most science shops adopt a broad definition of science. In the ensuing
engagement, a collective and often multi-disciplinary search for solutions to issues is undertaken with
new knowledge being generated, or at least existing knowledge being combined and adapted (Living
Knowledge, 2017). Similarly, Bonney’s (2009a,b) CS, in which citizens come up with questions or
issues and then work with scientists to address them, also fits in well with the new social and
knowledge relations.
The above examples of CS may represent opportunities for social learning and could be
categorized as ‘participatory action research’ (Cornwall and Jewkes, 1995; Wilderman, Barron, and
Imgrund, 2004; Fernandez-Gimenez, Ballard, and Sturtevant, 2008). However, such examples are
perhaps notable because they are exceptions to the dominant modus operandi of science. Once
again, we turn our attention to addressing our guiding question, ‘are research questions derived from
theory or practice?’ Review of the epistemology and methodology of science suggest that there are
alternatives to the norm, but the scale and scope of these has yet to be assessed comprehensively,
so we are inclined to answer that research questions are derived more from theory than practice.

3.3

Practice and Citizens
These are linked through the notion of improvement or, as Levin had it, empowerment, which is

defined as ‘the capacity to act both in furthering one's own interest and in enhancing an inquiry
process where people can transcend their former position based on their increased knowledge’
(Levin, p.32). Hence the question: are citizens able to act in their own interests? The question
compels us to consider matters of ideology and the politics of the professions.

3.3.1 Community OR
Rosenhead and Thunhurst (1982) align traditional OR with a scientism that ensures ‘decisions
which might formerly have been considered exercises of power, and hence political, are...presented
as if they were not in fact political decisions at all but “scientific” or “rational” ones’ (p.119). Just as the
underlying ideological commitments of traditional OR can be revealed, so too can those of COR.
Indeed, Midgley and Reynolds (2004) assert that ‘one of the original motivations for Rosenhead
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coining the term “Community OR”, and setting out to build a Community OR movement, was to make
OR relevant to his own Marxist politics (partially expressed in Rosenhead, 1986, 1987)’ (p.311).
Consequently, a need to be more explicit about the political orientation of COR is recognised.
Jackson (1987a, 2004) stakes a claim for ‘a more critical and radical dimension’ by adding two further
aims to the four defined by the Steering Group for COR established by the Operational Research
Society (Jackson, 1987a, p.50), to:
(e)

‘help redress the resource imbalance that exists under capitalism by assisting those
underprivileged in this respect’;

(f)

‘develop decision-aiding and problem-solving methods appropriate to a more democratic and
socialist milieu’.
The addition of these aims reflect Habermas’s (1984, 1987) argument that the analysis of power

is essential for the understanding of past and present social arrangements, and the suggestion of an
emancipatory interest relating to freedom from the constraints imposed by power relations. Such
freedom implies citizens taking control of their own destinies through learning supported by
participatory democracy, which rather justifies the capacity building orientation to COR referred to in
section 3.2.1. Indeed, given the focus of this part of the analysis on citizens acting in their ‘own
interests’, it is relevant to consider the implications of COR for the professionals associated with it, for
they are citizens too. The ‘differential opportunities for employment and a viable career’ (Rosenhead,
2009, p.S11) between COR and conventional OR are well recognized, but perhaps the intellectual
and career risks are not so great, as similar risks exist in other professions ‘without apparently
bringing all their colleagues down in penury’ (Rosenhead, 1986, p.337). Thunhurst (1992) highlights
the potential benefits resulting from such risks; for example, the dissemination of case accounts of
COR practice published in refereed journals, which serve to add to rather than detract from the career
prospects of professionals, especially those in academia. Nevertheless, it is not surprising to find that
much COR practice consists of student projects and community outreach work (Parry and Mingers,
1991).
The preceding discussion enables us now to turn our attention to addressing our guiding
question, ‘are citizens able to act in their own interests?’ While much COR practice focuses on
citizens’ interests, in the sense of the meaningful engagement of people in communities (Midgley et
al, 2017), it is not clear whether such efforts can bring about more fundamental change in society in
the service of their interests. Indeed, if fundamental change was really likely, it is possible that this
might negatively affect the acceptance of COR within the professions, as many professionals have
been successful within the status quo and might therefore want to preserve it. Others, however, might
put the interests of the wider citizenry first. Perhaps an equivocal answer is warranted in response to
this question.

3.3.2 Citizen Science
Irwin’s book includes several cases that highlight the struggle of citizens to have their concerns
taken seriously when science is brought in ‘to defend certain industrial and political practices’ (Irwin,
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1995, p.28). He encourages us to be sceptical of the reassurances resulting from investigations when
‘science is the servant of power – its investigations claim to open up the possibilities for policy-making
but instead serve to reinforce the existing social order’ (p.29). Indeed, the politics of the science
profession itself act to maintain the status quo. Stewart (cited in Irwin, 1995, p.159) provides an
example of this in relation to science shops, and suggests that scientists are reluctant to engage in
‘loaded’ situations in which they are expected to prove what is already known by citizens.
Furthermore, Stilgoe (2009) documents the divide between NGOs and scientists as the latter become
increasingly sceptical about the former’s instrumentality in using scientists to further their agendas,
which may leave them marginalised in their own professional communities. Although the career risks
for established scientists are great, the pressure to conform is perhaps strongest for early career
scientists who may be ‘afraid to say what they think’ (Stilgoe, 2009, p.41). Ironically, CS could actually
worsen this situation as a research assistant’s work could be outsourced to willing amateur scientists,
thus making career opportunities increasingly scarce (Riesch and Potter, 2014, pp.117-118).
Not all scientists avoid politics though, and Stilgoe (2009) highlights this in stating that ‘All
scientists are citizens, but not all scientists are Citizen Scientists. Citizen Scientists are the people
who intertwine their work and their citizenship, doing science differently, working with different people,
drawing new connections and helping to redefine what it means to be a scientist’ (p.11). Recognition
of this overlap between science and citizenship forces us to consider the possibility of the politically
minded scientist, ‘whether born political, acquired an interest in politics or had politics thrust upon
them’ (Stilgoe, 2009, p.47), who sees CS as a channel to create change through science.
Stilgoe identifies Sulston as a professional scientist and promoter of CS who recognises the
ever-increasing body of scientific knowledge and asserts the need for it to be freely available (Sulston
and Ferry, 2002). This takes CS into highly political territory, as open access has challenged the
established business model of big publishers and should serve to enable citizens to have the same
access to scientific information as professionals. Even more controversial than freedom of
information, however, is the related issue of patents. Taking a medical example, there is, on the one
hand, the argument that medicines are more expensive because of patents which serve to deprive the
ill of treatment when resources are scarce; on the other hand, there is the argument that some
treatments might not have been brought to market without patents and the investment money they
attract (Ossorio, 2015).
It would seem that, while scientists are free to a degree, they are still constrained by power
structures and these are related to standards of good science (concerns regarding this have already
been referred to in section 3.2.2). The dominance of these structures is revealed in Funtowicz and
Ravetz’s (1993) comment that ‘It has hitherto been a well kept secret that scientific “facts” can be of
variable quality’ (Funtowicz and Ravetz, 1993, p.740). While their PNS serves to address concerns
regarding quality, it too has been subject to criticism of its political underpinnings. Funtowicz and
Ravetz (1993) base PNS on engagement with an extended peer community that they anticipate might
create ‘a possibility for the development of a genuine and effective democratic element in the life of
science.’ (pp.740-741). Despite such a possibility, Wesselink and Hoppe (2011) decry the naivety of
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Funtowicz and Ravetz in assuming that ‘the inclusion of extended peer communities ensures dealing
with values and stakes’ (p.3). By way of remediation, Wesselink and Hoppe suggest PNS
professionals refer to Pellizzoni’s (2003) and Turnpenny, Lorenzoni, and Jones’ (2009) efforts to
advance a more politically sophisticated mode of operation.
It is now appropriate for us to turn our attention to addressing our guiding question, ‘are citizens
able to act in their own interests?’ The foregoing discussion has revealed that, despite a long history
of science serving the powerful, challenges are emerging under the banner of CS, and new forms of
scientific endeavour rooted in alternative ideologies are being created. But these are sitting alongside
other CS practices that are really more about citizens serving mainstream science. So, once again,
perhaps an equivocal answer is the best we can provide in response to this question.

3.4

Reflection on the Commonalities and Differences between COR and CS
This section represents a space to pause and reflect on the commonalities and differences

between COR and CS that our systematic comparison has revealed. Looking back at the impetus for
COR and CS, it appears that both were created in reaction to the neglect of citizens and their
interests by the OR and wider scientific professions. Since the creation of COR and CS to rectify this
neglect, structures to ensure citizen access to them have been put in place and resourced from
professional association and public funds. Engagement with citizens and their interests, though, shifts
the source of research questions from theory to practice and also affects the type of question that is
deemed worthy of attention. Addressing research questions derived from practice demands new
approaches and much effort has gone into this; for example, COR can now draw on a range of
approaches represented within the OR literature, including Problem Structuring Methods (Rosenhead
and Mingers, 2001), Critical Systems Practice (Jackson, 2000) and Systemic Intervention (Midgley,
2000).
Citizen science appears to have approached this shift from theory to practice in a different way
to COR, by encouraging the engagement of citizens with questions that they may have had a role in
generating. Consequently, alternative issue-based approaches and logics have been proposed, such
as PNS, which are more fundamentally engaging of stakeholders and can be seen to offer the
potential for a new method of practising science.
Hence, it would seem that epistemological and methodological developments have taken place
that enable both COR and CS to shift the source of research questions from theory to practice.
Whether this happens, of course, is largely a matter of ideology and politics. The notion that the
professional needs to be politically minded has been long established (Rosenhead, 1986; Midgley
and Ochoa Arias, 1999), but such a notion is rather overlooked in mainstream science. Suffice it to
say that some COR (e.g. associated with the works of Rosenhead, Jackson, Midgley and OchoaArias) and some CS (e.g. associated with Irwin, Funtowicz and Ravetz) is underpinned by an ideology
that challenges traditional power relations and professional structures.
Our systematic comparison of COR and CS has revealed points of commonality and difference
that help define each of these areas of practice, but we must now ask, do such distinctions matter?
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Well, in some ways ‘no’ and in some ways ‘yes’. Focussing on definitions and professional territories
creates divides that sustain current disciplinary arrangements and distract attention from the main
issue: the production of knowledge that serves citizens’ interests. That said, clarity of definition is
important if it supports awareness of:
•

The potential for mission creep. Midgley and Reynolds (2004) recognise this when they state
that, ‘most of those who joined the Community OR movement in the late 1980s and early 1990s
either disagreed with Rosenhead’s political agenda, or were largely unconcerned about it’
(p.311); and

•

Conflicting interpretations of purpose. For example, the crowd-sourced interpretation of CS may
be regarded as reinforcing the dominant technocratic ideology that other versions of CS were
created to challenge. This plurality of purpose is also evident in COR (Wong and Mingers,
1994).
Thus, while the need for clarity of definition of both COR and CS is recognised, this should

serve to reinforce rather than undermine the potential for bringing COR and CS together in
constructive alignment. It is appropriate at this point to make explicit how such an alignment might be
realized.
4.

Aligning COR and CS: Micro, Meso and Macro Level Considerations
In this section, we explore how, and for what purposes, COR and CS might be aligned. While

critical of the White Paper on Citizen Science for Europe (SOCIENTIZE, 2014), we do find value in its
distinction of the micro, meso and macro levels of practice, which we draw on here to structure our
exploration. At the micro level, we focus on a single case of combined COR and CS practice. At the
meso level, we discuss how learning might be derived from the evaluation of multiple cases to inform
key stakeholders, such as scientific advisors who operate in the policy interface space. Merely
identifying the need for evaluation is not sufficient though, and we are required to consider how it
might be funded, which causes us to reflect on the macro level issues and belief systems that affect
the distribution of resources in networked communities.

4.1

The Micro Level
Environmental management (Midgley and Reynolds, 2001, 2004; Gregory et al, 2013) is an

area with a long history of practice that might be said to combine COR and CS, and it is appropriate
for us to engage with a case study of practice at this point. To be clear though, the reason for
including this case is not to illustrate the use of an approach to addressing an issue that might be
categorised as both or either COR and CS (a fuller account of the workshop is given in Atkins and
Gregory, 2015; or, for a similar engagement where the models have been more developed, see
Videira, Lopes, Antunes, Santos, and Casanova, 2012). Rather, the case is included to promote
understanding of what needs to be considered at the micro level of an aligned COR and CS practice.
Our case concerns one of the grand challenges of our age, the achievement of Good
Environmental Status in the marine environment. The Marine Strategy Framework Directive (MSFD,
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Directive 2008/56/EC) was approved in 2008 by the European Parliament and the European Council
to establish a framework for community action in marine environmental policy (European
Commission, 2008). The Directive sets out eleven qualitative descriptors of Good Environmental
Status in the marine environment and requires member states to achieve it by 2020 (Official Journal
of the European Union, 2008). Achieving Good Environmental Status is problematic though, because
of the innate complexity of the marine environment and the variety of stakeholders, who obtain an
array of benefits from ecosystem services (Atkins, Burdon, Elliott, and Gregory, 2011; Atkins,
Gregory, Burdon, and Elliott, 2011), with associated ecological, social, and economic knowledge
claims and concerns. Work on ecosystem services challenges the role of scientists in setting the
environmental agenda, which distinguishes this area as a prime candidate for a combined COR and
CS effort. The workshop that forms our case was part of DEVOTES (DEVelopment Of innovative
Tools for understanding marine biodiversity and assessing good Environmental Status), a
collaborative project funded by the European Union for 4 years (2012-2016) with a total budget of €12
million. The focus of the workshop was on developing understanding of the drivers of, and barriers to,
the achievement of Good Environmental Status at the UK’s East Inshore and East Offshore Marine
Plan Area, as defined by the Marine Management Organisation (2014).
The question of who to involve in a stakeholder-focussed workshop is inextricably linked to that
of whose interests the workshop serves, how improvement is to be defined and what action should be
taken (Churchman, 1968, 1970, 1971). Stakeholder identification commonly involves a process of
brainstorming a list of likely stakeholders and subsequently expanding on this through contacts and
referrals until no new stakeholders are suggested (Freeman, 1984, 1994, 1999; Mitchell, Agle, and
Wood, 1997). In practice, scheduling events to accommodate different stakeholders is tricky and, as a
matter of expediency, it is necessary to identify important stakeholders and schedule the event to fit
their diaries. Hence, much stakeholder work is couched in terms that are supportive of current power
relations involving classifications around power, legitimacy and urgency (Mitchell et al, 1997). Midgley
(2000) reflects on this and suggests that researchers should deal with power explicitly up-front in any
such exercise; if this is not done, then the use of power may be hidden to ensure that the interests of
the powerful are best served. Ulrich (1996a) and Midgley et al (1998) refer to the process of critically
investigating who is and is not regarded as having a legitimate stake as the process of ‘boundary
critique’. Related to this process is the requirement for systems design to take on the whole system
(acknowledging that what counts as the ‘whole’ can be contested) because localized action, based on
partial understanding, can lead to unexpected consequences for the wider system (Ulrich, 1988b,
credits Churchman with this insight). Of course, to attempt to understand the whole system is an
impossible task; what is important, therefore, is to accept the inevitable lack of comprehensiveness in
our designs, but to make this transparent so all stakeholders can reflect critically on any limitations
and their likely implications (Ulrich, 1983, 1988a, 1988b).
In our case, an initial list of stakeholders was identified by members of the DEVOTES research
team in response to the trigger question, ‘who should have a stake in this issue?’ Stakeholders were
grouped into four categories: conservation interests/advisory; planning, licensing and management;
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marine resource users; and science and academia. Recommendations for widening participation to
include other stakeholders were followed up and 24 participants were engaged in the workshop held
on 27th November 2014 at the Management Learning Laboratory, Hull University Business School. In
the pre-workshop stage, a process of boundary critique attempted to ensure that the ‘right’ knowledge
was brought to bear, although it was recognised that participation alone does not guarantee a broad
and inclusive discussion (Arnstein, 1969). To this end, we looked to Taket and White (2000) for
practical instruction on facilitation that is tolerant of difference and attuned to what is achievable at the
local level. As regards methodology, the works of Eden (1980, 1988, 1992), Eden and Ackermann
(1998, 2001) and Shaw, Ackermann, and Eden (2003), which offer simple modelling techniques, were
drawn upon with the aim of creating insightful moments for participants ‘to see the connections
between wholes and parts’ (Bryson, Ackermann, Eden, and Finn, 2004, p.298).
As DEVOTES considers three specific descriptors as being particularly important for achieving
Good Environmental Status (biological diversity, food webs and non-indigenous species), it was
decided that these would provide the focus for three modelling subgroups, each supported by a
participant facilitator. The subgroups looked to create cognitive maps of the local case site, which they
developed through the elaboration of chains of cause and effect (Maani and Cavana, 2007) that
captured the essential nature of the system. Workshop participants used Decision Explorer® software
to support the development and analysis of the models.
The engagement of a range of stakeholders in the workshop led to the issue of how to manage
different knowledge claims, given that to deny or limit the expression of expertise would be a
falsehood akin to believing ‘democracy means that “my ignorance is just as good as your knowledge”’
(Asimov, 1980). While mindful of Habermas’s (1974) theory of dialogue, which says that ‘ideal
speech’ involves everybody having a chance to challenge others on the grounds of truth, morality,
sincerity and intelligibility (Gregory and Romm, 2001, 2004), it was recognised that some
stakeholders had an understanding of the bigger picture that justified the prioritisation of their
concerns over others. Nevertheless, when the bigger picture was prioritised, it was essential to
explain the reasons for it in terms of the consequences of a narrow versus a broad view (Ulrich, 1983,
argues that explaining the reasons for limitations on discussion is a minimum requirement for
respectful, non-manipulative dialogue). Such an approach accords with Bäckstrand’s (2003) argument
that ‘subjugated, local and indigenous knowledge should not necessarily be regarded as better or
truer than modern scientific knowledge. In the end, to find the appropriate balance between technical
and communicative rationality is a pragmatic and context-dependent judgement’ (p.35). Given the
need to manage knowledge claims, there was a concern to assess whether participants felt that their
voices had been heard in the workshop, so the post-workshop evaluation focussed on matters of
communication, consensus and commitment (Rouwette, 2011). See Table 2 for details.
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Table 2. Summary Evaluation Results (n=10)
To what extent were the following delivered
(a) An expert view on the current status of the implementation of MSFD
(b) An opportunity to engage in a discussion with and better understand different
stakeholders viewpoints on Good Environmental Status
(c) A better understanding of three key Good Environmental Status descriptors
(biological diversity, food webs and non-indigenous species)
(d) An introduction to and experience of building and analysing models using
Banxia’s Decision Explorer® software
(e) Understanding of opportunities for and barriers to the achievement of Good
Environmental Status

Fully

Partially

Not at
all

Not
sure

3

6

0

1

6

3

0

1

3

7

0

0

6

4

0

0

1

7

0

2

The evaluation results and comments from participants during the workshop suggest that further
time was required for the analysis of the models for a more complete understanding of Good
Environmental Status to be achieved. However, it is important to note that the evaluation did not
include consideration of: the perceived ‘correctness’ of the models, according to the modelling
approach adopted; the completeness of the models; and certainty of knowledge upon which the
models were based. The last point is particularly pertinent as, during the workshop, a need to capture
estimates of the reliability of knowledge was articulated (this need is also recognised in PNS and
satisfied through the employment of the NUSAP technique). A concern to ensure the reliability of
knowledge on which a model is based nudges us towards the use in combination of different OR
approaches (Mingers and Gill, 1997). Indeed, we might have enhanced the model-building effort
through the inclusion of Strategic Assumption Surfacing and Testing (SAST) (Mason and Mitroff,
1981) to reveal underlying assumptions and knowledge claims. While SAST does not ensure the ideal
of perfect knowledge, it does serve to expose any areas of uncertainty and risk.
Participants developed a set of models during the workshop that represented their first attempts
at coming together to share their knowledge of a system of concern using an approach that was new
to most of them. As such, emphases were placed on surfacing the diversity of factual claims, opinions
and values involved in the situation (Renn, 2008), the co-production of knowledge, and ownership of
the models (Videira, Antunes, Santos, and Lopes, 2010) rather than the technical correctness of the
process or the models produced. However, privileging such outcomes can become a source of
tension if the professionals involved are subject to the drive for publication (Miller, Taylor, Bedeian,
2011; Feeney and Welch, 2014). In the area of CS, it has been found that journal articles, using the
wealth of volunteer collected data available, are not as common as expected (Conrad and Hilchey,
2011), but there are several possible reasons for this. First, most publication outlets are not attuned to
this form of engagement, and the standards of more mainstream academic journals might lead to the
rejection of any papers that do not conform to academic norms. Academics learn the intricacies of
specialist terminologies over many years, and the ability to write fluently with these terminologies is a
big part of getting published, so non-academics are at a disadvantage. Consequently, for publication
to be assured, there may be a need to sanitize or even enhance accounts of, and outputs from,
stakeholder-based engagements; for example, even Videira et al (2012), whose work has a heavy
focus on participation, states ‘The diagrams are presented…depicting as much as possible the way
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that participants drew them’ (p.608). Why ‘as much as possible’? Why not as was? The creation of
online open access journals dedicated to community-based engagements (for example Citizen
Science Quarterly and Citizen Science: Theory and Practice) may change the publication landscape
though, especially if they focus on both ‘the story of the content of an OR model and the story of the
intervention that generated the model’ (Klein et al, 2007, p.1535). Perhaps institutional developments,
such as the UK’s Research Excellence Framework (REF) exercise, have promoted a move in this
direction by including consideration of impact. However, this introduces new issues as it seems to
place greater emphasis on work that has national or international rather than local impacts. Also,
impact alone is not sufficient for the REF, as publication is also required. Maybe the need for
publication to accompany impact represents as much an opportunity as a challenge, although it does
imply the need to consider the related and often contentious issue of acknowledgement of diverse
contributions, including those from non-academics. Riesch and Potter (2014) recognise that there can
be an expectation of ‘explicit acknowledgement of the public contribution on the same terms as that of
the scientists, through for example co-authorship in scientific publications’ (p.117). While this is a
worthy ideal to strive for, in practice it may well become an area of active politicking and controversy
over who contributed what.

4.2

Meso Level
In the previous section, a case example served to demonstrate what needs to be considered at

the micro level of an aligned COR and CS practice. The value of such a case, plus the need to
evaluate in order to derive generalisable meso level learning, is recognised in both COR (Midgley and
Reynolds, 2004; White, 2006; Midgley et al, 2013; Yearworth and White, 2014) and CS (ETHZurich,
2016). The meso level, though, is beset with conceptual and organizational challenges under present
arrangements, as there is a need to combine the essentially observational methods of the natural
sciences with knowledge from the social sciences and other sources (Midgley, 2008; Nature, 2016).
COR, with its armoury of PSMs and systems approaches, is well placed to provide this level with
social insights and to make available support for the design of evaluation, knowledge elicitation and
decision-making approaches. Use of such approaches may lead to understanding of the ecological,
economic, political and social conditions required for the success of an aligned COR and CS, based
on relevant criteria such as citizen emancipation and the use of citizen-generated data and knowledge
by decision-makers (Conrad and Hilchy, 2011). In addition, through the definition of relevant criteria of
success at this level, incentive structures might be designed at the macro level to stimulate good
practice at the micro level. Progress to this end is already evident, with a recent surge of interest in
PNS; see for example articles in the Guardian (2007), Nature (2016) and the special issues of
Science, Technology and Human Values (2011) and Futures (2017). The cause of PNS was further
bolstered by Gluckman’s (2014) statement that, after five years in the post of New Zealand's Chief
Science Adviser, he had ‘come to understand that the primary functions and greatest challenges for a
science adviser are providing advice not on straightforward scientific matters, but instead on issues
that have the hallmarks of what has been called post-normal science’.
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The natural territory of scientific advisors, such as Gluckman, is that of the meso level sciencepolicy interface (Heink, Marquard, Heubach, Jax, Kugel, Neßhöver, Neumann, Paulsch, Tilch,
Timaeus, and Vandewalle, 2015) and, over the past 20 years, calls for greater interaction between
science and policy have provided the impetus for the proliferation of spaces in which that interface
can be realized (Heink et al, 2015). Salience, credibility and legitimacy (Cash, Clark, Alcock, Dickson,
Eckley, and Jäger, 2002; Cash, Clark, Alcock, Dickson, Eckley, Guston, Jäger, and Mitchell, 2003)
have been defined as relevant to the assessment of knowledge within the interface space. However, it
is recognised that credibility is often valued over salience and relevance, and that ‘actors on different
sides of a boundary perceive and value...differently’ (Cash et al, 2002, p.1). Such a statement
suggests recognition of the need for approaches to structuring issues and dealing with knowledge and
value claims; a need which could be met by COR with its armoury of problem structuring methods and
systems methodologies designed for just such a purpose (e.g. Ulrich, 1983; Friend and Hickling,
1987; Midgley, 2000). There is also likely to be a need in this meso space for the tools of traditional
OR and CBOR in performing policy analysis. As Johnson and Smilowitz (2012) recognise, CBOR may
‘complement policy modeling by generating solutions associated with direct and rapid improvements
in individual and neighborhood-level outcomes’ (p.40). Armed with such information, it is important
that professionals put it to good use by influencing the actors and forces that shape decisions and
policies at the meso level. But this has traditionally been difficult to do when the distance between
COR professionals and policy-makers has been too great for them to have an effect (Caulkins, 2002,
makes a similar statement with regard to OR in the US). Activity at the meso level may serve to close
the distance between professionals and policy-makers, and the formation of such spaces may be
guided by Stone, Maxwell, and Keating (2001), who summarise the actors and networks involved, and
by Kingdon (1984), who provides a dynamic model of agenda setting.
Having established awareness of meso level issues and how they may be addressed, it is now
necessary to ask who might resource such work. The obvious contenders are NGOs and civil society
organizations, but it is recognised that they,
have puny research resources by comparison with their corporate and state
opponents. They seriously lack, and desperately need, the means to aquire
reasonably reliable, scientifically validated information on a great variety of highly
technical matters. They ought not to have to rely on whatever happens to emerge out
of the research system. They need to be able to initiate research projects relevant to
their political missions, and have full access to their findings (Ziman, 2007, p.321).
Frickel, Gibbon, Howard, Kempner, Ottinger, and Hess (2010) refer to ‘areas of research that
are left unfunded, incomplete, or generally ignored’ (p.444), which civil society organizations and
NGOs nevertheless deem to be worthy of research. They call these areas ‘undone science’ (p.444).
There are three possibilities for other sources of financial support for such work: public research
funding; crowdfunding; and pro bono research. However, the emergence of alternative funding
mechanisms like crowdfunding should not simply be assumed to be a good thing, and this will be
discussed with reference to the next level of analysis.
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4.3

Macro Level
A key assumption of this paper is that CS has a preferential position to COR, and this affects

the availability of research funding and support. This section will address the macro level and
structures that affect research funding and support by considering the distribution of resources and
belief systems.
The White Paper on Citizen Science for Europe (SOCIENTIZE, 2014) states that the
emergence of more direct and democratic funding mechanisms should be seen as ‘a wake up call for
policy makers and research funders’ (pp.27-28). Gauchat (2015, 2016) also recognizes such a
phenomenon in the US, and it is worth asking what is causing these alternative funding mechanisms
to emerge. One explanation is that policy makers and research funders are out of touch and simply do
not value some citizen-focussed projects sufficiently highly to fund them. An alternative explanation is
that the priorities of policy makers and research funders do align with those of citizens, but a shortfall
in funds creates the need for alternative funders to supplement established arrangements. There is
also a political explanation for the limiting of funding for research. Since WW2, the use of public funds
to support research has been justified on the grounds that it creates economic progess. The
revelation that wealth is growing faster than economic output (Piketty, 2010, 2013), causing the divide
between the rich and poor to increase, makes the use of public funds to support research hard for
policy makers to justify to the majority of citizens. It is significant, though, that it is not merely those
who are ‘just about managing’ (HM Treasury, 2016) that are questioning the funding of science.
Gauchat (2016) claims that support for science is a matter of ‘deeply held cultural dispositions and
identities’ and suggests that it is a factor in the increasingly sophisticated way in which we project
identity and differentiate ourselves from others. Such developments could increase the politicization of
funding and, with respect to the US, Gauchat (2016) suggests that ‘“opposition” to funding coheres on
the political right’. In the USA, it appears that the right wing respects authorities and belief systems

other than the scientific, such as those associated with religious institutions. A more selective
approach to what gets funded would appeal ‘to their base of support, alienate strong intellectual
adversaries, but not greatly offend the public at large’ (Gauchat, 2016).
While the reason for the emergence of alternative sources of research funding may be unclear,
it is nevertheless the case that the diversity of belief systems has increased, and this has been to the
cost of engagement in scientific inquiry. Recognition of this causes us to argue that there has never
been a more opportune time for an aligned COR and CS effort at the macro level, offering analytical
support to assist understanding of how beliefs come about and how they are influenced. In highly
connected networks, beliefs are reinforced, emotions roused and action incited while, at the same
time, critical thinking is suspended and contradictory information denied. Perhaps more concerning
still is that ‘individuals with shared interests are far more likely to find each other or converge around a
source of information online than offline’ (Benkler, cited in The Economist, 2016). The internet is a key
enabling factor, as unreliable or deliberately incorrect information can be distributed quickly and
widely. Indeed, potentially, an outlandish posting on the internet is more likely to attract attention and
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rise up the search engine rankings as the latter are based on the number of clicks received rather
than the quality of the information provided (Sullivan, 2016; Baraniuk, 2016). Here it is argued that
there is a special role for COR and CS in networked communities to:
•

Get closer to citizens by using our knowledge about how networks operate. In particular,
cybernetics, complexity science and systems theory offer insights into networking. This might
shift the focus of COR from its tradition of working with physical communities to working with,
and intervention in, online communities, and it might also make COR more relevant to, and
afford great opportunities for, engagement with citizens and policy makers.

•

Encourage critical engagement and counter incorrect information by offering access to ‘practical
tools for orienting social problems and overcoming common biases in perceiving social reality.
Here, we do not belittle audiences by positing intellectual deficits or elite manipulation, but
identity cognitive limitations common to all humans and how they might undermine our
collective actions’ (Gauchat, 2016).
In framing networked communities in this way, an opportunity is created for COR and CS to

help create a more informed and empowered citizenship and a policy process in which ‘science
insights as well as subjective sources of knowledge are integrated. Additionally, it focuses on
enriching the mental models of actors in a policy network by means of multilogic communication’
(Geurts and Joldersma, 2001, p.309).
5.

Conclusions
One of the aims of this paper was to provide a systematic comparison of COR and CS.

Achievement of this aim revealed that there is sufficient commonality between COR and CS to
provide the basis for a meaningful alignment and, at the same time, sufficient difference between
them for this to be worthwhile. COR’s strength in intervention-based approaches, offering access to
practical methods for structuring social issues and managing knowledge and value claims, and CS’s
foci on engaging citizens in the analytical examination of the world, and the assessment of information
quality and risk, means that they might come together for mutual learning. The achievement of the
paper’s second aim, to establish how an alignment of COR and CS might be realised in practice, has
led us to argue that there is a need for:
•

The evaluation, at the meso level, of micro level cases of combined COR and CS practice that
yields theoretical learning, and

•

Recognition that there is an important role for COR, in support of CS, at the meso and macro
levels in offering analytical support to assist understanding of how belief systems come about
and how they can be influenced in networked societies.
These needs are of heightened importance at a time when society’s long-granted authority to

institutions (for example, the education, science and legal systems) that employ rational inquiry,
capable of challenging unevidenced personal belief, is in jeopardy. Recent scandals involving high
profile actors in such institutions, and concerns regarding the unequal distribution of resources, have
undermined their status; but such circumstances, it may be argued, represent an opportunity for a
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much needed alignment of COR and CS. Of course, we are not the first to identify such a need
(although previous authors have not focused specifically on COR and CS) and, by way of drawing this
paper to a conclusion, it is worth reminding ourselves of Beck’s wise words: ‘scientific rationality
without social rationality remains empty, but social rationality without scientific rationality remains
blind’ (Beck, 1992, p.30).

Acknowledgement
The authors of this manuscript were supported by the DEVOTES (Development of innovative Tools
for understanding marine biodiversity and assessing good Environmental Status) project, funded by
the European Union under the 7th Framework Programme, ‘The Ocean of Tomorrow’ Theme (grant
agreement no. 308392), www.devotes-project.eu, and the UK Natural Environment Research Council
(NERC) and the Economic and Social Research Council (ESRC) through project NE/L014211/1 under
the Resource Recovery from Waste theme.
References
Ackermann, F. (2012). Problem structuring methods "in the dock": Arguing the case for soft OR,
European Journal of Operational Research, 219(3), 653-658.
Ackermann, F., and Eden, C., with Brown, I. (2005). The Practice of Making Strategy: A Step-by-Step
Guide, Sage Publications Ltd., London.
Ackoff, R. L. (1970). A black ghetto's research on a university, Operational Research, 18, 761-771.
Arnstein, S. (1969). A ladder of citizen participation, Journal of the American Planning Association,
35, 216-224.
Asimov, I. (1980). A Cult of Ignorance, Newsweek, January 21, p.19, http://aphelis.net/wpcontent/uploads/2012/04/ASIMOV_1980_Cult_of_Ignorance.pdf accessed 06/12/16.
Atkins, J.P., Burdon, D. Elliott, M., and Gregory, A.J. (2011). Management of the Marine Environment:
Integrating Ecosystem Services and Societal Benefits with the DPSIR Framework in a Systems
Approach, Marine Pollution Bulletin, 62, 215-226.
Atkins, J.P. Gregory, A.J. Burdon, D., and Elliott, M. (2011). Managing the Marine Environment: Is the
DPSIR Framework Holistic Enough? Systems Research and Behavioral Science, 28(5), 497-508.
Atkins, J.P. and Gregory, A. (2015). Key Barriers of Achieving Good Environmental Status (GES) Part
2: Development of a systemic modelling approach to understanding and achieving GES,
http://www.devotes-project.eu/wp-content/uploads/2015/05/DEVOTES-Deliverable-2_2.pdf
accessed 06/12/16.
Bäckstrand, K. (2003). Civic science for sustainability: reframing the role of experts, policy-makers
and citizens in environmental governance; Global Environmental Politics, 3:24-41.
Baraniuk, C. (2016). Google responds on skewed Holocaust search results, BBC,
http://www.bbc.co.uk/news/technology-38379453 accessed 20/12/16.

©2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Barros, R., Midgley, G. and Pinzón, L. (2015). A systemic intervention approach to research on
computer-supported collaborative learning for mathematical problem-solving: a Colombian case,
Systems Research and Behavioral Science, 32, 86-105.
Beck, U. (1992). Risk Society: Towards a New Modernity, M. Ritter (trans.), Sage Publications,
London.
Beer, S. (1981). Brain of the Firm, 2nd ed., Wiley, Chichester.
Berger, P., and Luckmann, T. (1971). The Social Construction of Reality, Penguin, Harmondsworth.
Bonney, R. (1996). Citizen science: A lab tradition, Living Bird, 15, 7-15.
Bonney, R., Ballard, H., Jordan, R., McCallie, E., Phillips, T., Shirk, J., and Wilderman, C.C. (2009a).
Public Participation in Scientific Research: Defining the Field and Assessing Its Potential for
Informal Science Education. A CAISE Inquiry Group Report, Washington, D.C., Center for
Advancement of Informal Science Education (CAISE).
Bonney, R., Cooper, C.B., Dickinson, J., Kelling, S., Phillips, T., Rosenberg, K.V. and Shirk, J.
(2009b). Citizen science: a developing tool for expanding science knowledge and scientific literacy,
BioScience, 59, 977-984.
Bowen, K., (Ed.) (1995). In at the Deep End: MSc Student Projects in Community Operational
Research, Community Operational Research Unit Publications.
Boyd, A., Brown, M., and Midgley, G. (2004). Systemic intervention for community OR: developing
services for young people (under 16) living on the streets. In G. Midgley and A.E. Ochoa Arias,
(Eds.) Community Operational Research: OR and Systems Thinking for Community Development,
Kluwer Academic/Plenum Publishers, New York, pp.203-252.
Boyd, A, Geerling, T, Gregory, W.J., Midgley, G., Murray, P. and Walsh, M. (2007). Systemic
evaluation: a participative, multi-method approach, Journal of the Operational Research
Society, 58, 1306-1320.
Bradshaw, B. (2003). Questioning the credibility and capacity of community-based resource
management, The Canadian Geographer, 47, 137-150.
Bryson, J.M., Ackermann, F., Eden, C. and Finn, C.B. (2004). Visible Thinking, Unlocking causal
mapping for practical business results, John Wiley and Sons Ltd., Chichester.
Carpini, M.X.D., Cook, F.L. and Jacobs, L.R. (2004). Public deliberation, discursive participation, and
citizen engagement: A review of the empirical literature, Annual Review of Political Science 7, 315344, http://doi.org/10.1146/annurev.polisci.7.121003.091630 accessed 06/12/16.
Carr, A.J.L. (2004). Why do we all need community science, Society & Natural Resources: An
International Journal, 17, 841-849.
Cash, D.W., Clark, W.C., Alcock, F., Dickson, N.M., Eckley, N., and Jäger, J. (2002). Salience,
credibility, legitimacy and boundaries: linking research, assessment and decision making, Faculty
Research Working Paper Series, John F. Kennedy School of Government, Harvard University.
Cash, D.W., Clark, W.C., Alcock, F., Dickson, N.M., Eckley, N., Guston, D.H., Jäger, J. and Mitchell,
R.B. (2003). Knowledge systems for sustainable development, Proceedings of the National
Academy of Science, 100, 8086-8091.
©2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Caulkins, J.P. (2002). The role of operations research in public policy, Operations Research
Proceedings, vol.2002, 1-13.
Caulkins, J.P., Eelman, E., Ratnatunga, M. and Schaarsmith, D. (2008). Operations Research and
public policy for Africa: harnessing the revolution in management science instruction, International
Transactions in Operational Research, 15, 151-171.
Chambers, R. (1997). Whose Reality Counts? Putting the First Last, Intermediate Technology
Publications, London.
Checkland, P.B. (1981). Systems Thinking, Systems Practice, Wiley, Chichester.
Checkland, P., and Poulter, J. (2006). Learning for Action: A Short Definitive Account of Soft Systems
Methodology and its Use, for Practitioners, Teachers and Students, John Wiley and Sons,
Chichester.
Churchman, C.W. (1968). The Systems Approach (Reprinted 1979), Delta Books, New York.
Churchman, C.W. (1970). Operations research as a profession, Management Science, 17, B37-53.
Churchman, C.W. (1971). The Design of Inquiring Systems, Basic Books, New York.
Conrad, C.C. and Hilchey, K.G. (2011). A review of citizen science and community-based
environmental monitoring: issues and opportunities, Environmental Monitoring and Assessment,
176, 273-291.
Cook, S.L. (1973). Operational research, social well-being and the zero growth concept, Omega, 1,
647-667.
Cook S. (1984). The Writings of Steve Cook Alternative Futures, Managerial Functions, Education in
O.R. and Systems Science; edited by K. Bowen, A. Cook and M. Luck, Operational Research
Society, UK.
Córdoba, J.R., and Midgley, G. (2008). Beyond organisational agendas: using boundary critique to
facilitate the inclusion of societal concerns in information systems planning, European Journal of
Information Systems, 17, 125-142.
Cornwall, A. and Jewkes, R. (1995). What is participatory research? Social Science and Medicine, 41,
1667-1676.
Dewey, J. (1990). The School and Society The Child and the Curriculum, University of Chicago,
Chicago.
Eden, C. (1980). Modelling cognition in complex decision problems, Journal of Interdisciplinarity
Modelling and Simulation, 3, 19-44.
Eden, C. (1988). Cognitive mapping: a review, European Journal of Operational Research, 36, 1-13.
Eden, C. (1992). On the nature of cognitive maps, Journal of Management Studies, 29, 261-265.
Eden, C. and Ackermann, F. (1998). Making Strategy: The Journey of Strategic Management, Sage,
London.
Eden, C. and Ackermann, F. (2001). SODA - the principles. In J. Rosenhead and J. Mingers (Eds.),
Rational Analysis for a Problematic World Revisited, Wiley, Chichester, pp.21-42.
Elden, M. and Levin, M. (1991). Cogenerative learning. In W.F. Whyte, (Ed.), Participative Action
Research, Sage, Newbury Park.
©2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Ely, E. (2008). Volunteer monitoring and the democratization of science, The Volunteer Monitor, 19,
1-5.
ETHZurich (2016). Citizen Science: New Ways for Research, Policy advice paper, 10th November,
https://www.ethz.ch/.../citizenscience.../citizen_science_policy_advice_paper.docx accessed
23/06/16.
European Commission (2008). Directive 2008/56/EC of the European Parliament and of the Council
establishing a framework for community action in the field of marine environmental policy (Marine
Strategy Framework Directive), Official Journal of the European Union, L164, 19-40.
ExCiteS (2016). What is 'extreme' citizen science?, https://www.ucl.ac.uk/excites/home-columns/fullwhat-is-extreme-citizen-science/ accessed 23/06/16.
Fals-Borda, O. and Rahman, M. A. (1991). Action and Knowledge: breaking the monopoly with
participatory action research, Apex Press, New York.
Feeney, M.K. and Welch, E.W. (2014). Academic outcomes among principal investigators,co-principal
investigators, and non-PI researchers, Journal of Technology Transfer, 39, 111-133.
Fernandez-Gimenez, M.E., Ballard, H.L., and Sturtevant, V.E. (2008). Adaptive management and
social learning in collaborative and community-based monitoring: a study of five community-based
forestry organizations in the western USA, Ecology and Society, 13, 4-26.
Flood, R.L. and Jackson, M.C. (1991). Creative Problem Solving: Total Systems Intervention, Wiley,
Chichester.
Foote, J., Baker, V., Gregor, J., Hepi, M., Houston, D., and Midgley, G. (2007). Systems thinking for
community involvement in water conservation, Journal of the Operational Research Society, 58,
645-654.
Franco, L.A. (2013). Rethinking Soft OR interventions: Models as boundary objects, European
Journal of Operational Research, 231, 720-733.
Freeman, R. E. (1984). Strategic Management: A Stakeholder Approach, Pitman, Boston.
Freeman, R.E. (1994). The politics of stakeholder theory: some future directions, Business Ethics
Quarterly, 4, 409-421.
Freeman, R.E. (1999). Divergent Stakeholder Theory, Academy of Management Review, 24, 233236.
Freire, P. (1970). Pedagogy of the Oppressed, M. Bergman Ramos (trans.), reprinted in 1996 by
Penguin Books, London.
Frickel, S., Gibbon, S., Howard, J., Kempner, J., Ottinger, G. and Hess, D.J. (2010). Undone science:
charting social movement and civil society challenges to research agenda setting, Science,
Technology and Human Values, 35, 444-473.
Friend, J. (2001). The strategic choice approach. In J. Rosenhead, and J. Mingers (Eds.), Rational
Analysis for a Problematic World Revisited. Problem Structuring Methods for Complexity,
Uncertainty and Conflict, Wiley, Chichester, pp.115–149.
Friend, J., and Hickling, A. (1987). Planning Under Pressure: The Strategic Choice Approach,
Pergamon Press, Oxford.
©2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Funtowicz, S. and Ravetz J. (1990). Uncertainty and Quality in Science for Policy, Kluwer Academic
Publishers, Dordrecht.
Funtowicz, S. O. and Ravetz, J. R. (1993). Science for the post-normal age, Futures, 25, 739-755.
Futures (2017). Post-Normal science in practice, https://doi.org/10.1016/j.futures.2017.05.009
accessed 16/06/17.
Gauchat, G. (2015). The Political Context of Science in the United States: Public Acceptance of
Evidence-Based Policy and Science Funding, Social Forces, 94(2), 723-746.
Gauchat, G. (2016). ‘The politics of science funding: We need to think about science and knowledge
production in a more practical light’ interviewed by A.L. Kalleberg, LSE Blog,
http://blogs.lse.ac.uk/impactofsocialsciences/2016/01/13/the-politics-of-science-funding/ accessed
05/12/16.
Geurts, J.L.A. and Joldersma, C. (2001). Methodology for participatory policy analysis, European
Journal of Operational Research, 128(2), 300-310.
Gluckman, P. (2014). Policy: The art of science advice to government, Nature, 507, 163-165, 12
March, http://www.nature.com/news/policy-the-art-of-science-advice-to-government-1.14838
accessed 23/06/16.
Gouviea, C., Fonseca, A. Camara, A. and Ferrira, F. (2004). Promoting the use of environmental data
collected by concerned citizens through information and communication technologies, Journal of
Environmental Management, 71, 135-154.
Gramsci, A. (1971). Selections from the Prison Notebooks, Q. Hoare and G. Nowell Smith (Eds. and
trans.), Lawrence and Wishart, London.
Gregory, A.J., and Jackson, M.C. (1992a). Evaluation methodologies: A system for use, Journal of the
Operational Research Society, 43, 19-28.
Gregory, A.J., and Jackson, M.C. (1992b). Evaluating organisations: A systems and contingency
approach, Systems Practice, 5, 37-60.
Gregory, A.J., Atkins, J.P., Burdon, D., and Elliott, M. (2013). A problem structuring method for
ecosystem-based management: the DPSIR modelling process, European Journal of Operational
Research, 227, 409-584.
Gregory, A.J. and Ronan, M. (2015). Insights on developing strategy from a complexity perspective,
Journal of the Operational Research Society, 66, 627-636.
Gregory, W.J. and Romm, R.A. (2001). Critical facilitation: learning through intervention in group
processes, Management Learning, 32, 453-467.
Gregory, W.J. and Romm, R.A. (2004). Facilitation as fair intervention. In G. Midgley, and A.E. Ochoa
Arias (Eds.) Community Operational Research: OR and Systems Thinking for Community
Development, Kluwer Academic/Plenum Publishers, New York, pp.157-174.
Grinnell, F. (2015). Rethink our approach to assessing risk, Nature, 522, 257,
http://www.nature.com/news/policy-the-art-of-science-advice-to-government-1.14838 accessed
23/06/16.

©2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Guardian (2007). The appliance of science, 14 March,
https://www.theguardian.com/society/2007/mar/14/scienceofclimatechange.climatechange
accessed 23/06/16.
Habermas, J. (1972). Knowledge and Human Interests, J.J. Shapiro (trans.), Heinemann, London.
Habermas, J. (1974). Theory and Practice, J.Viertel (trans.), Heinemann.
Habermas, J. (1984). Theory of Communicative Action, Vol. One: Reason and the Rationalization of
Society, T.A. McCarthy (trans.), Beacon Press, Boston, Mass.
Habermas, J. (1987). Theory of Communicative Action, Vol. Two: Liveworld and System: A Critique of
Functionalist Reason, T.A. McCarthy (trans.), Beacon Press, Boston, Mass.
Heink, U., Marquard, E., Heubach, K., Jax, K., Kugel, C., Neßhöver, C., Neumann, R. K., Paulsch, A.,
Tilch, S., Timaeus, J. and Vandewalle, M. (2015). Conceptualizing credibility, relevance and
legitimacy for evaluating the effectiveness of science–policy interfaces: Challenges and
opportunities, Science and Public Policy, 1-14.
Hindle, G.A. and Vidgen, R. (2017). Developing a business analytics methodology: A case study in
the foodbank sector. European Journal of Operational Research,
http://dx.doi.org/10.1016/j.ejor.2017.06.031
HM Treasury (2016). Autumn Statement,
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/571559/autumn_stat
ement_2016_web.pdf accessed 05/12/16.
INFORMS (2017). Pro Bono Analytics®, https://www.informs.org/Pro-Bono-Analytics accessed
16/06/17.
Irwin, A. (1995). Citizen Science: A Study of People, Expertise and Sustainable Development,
Routledge, London.
ISSNET (2017) ISSNET – Improving Science Shop Networking,
http://www.livingknowledge.org/projects/overview/eu-funded-projects/issnet/ accessed 16/06/17.
Jackson, M.C. (1987a). Community operational research: purposes, theory and practice, Dragon, 2,
47-73.
Jackson, M. C. (1987b). New directions in management science. In M. C. Jackson and P. Keys (Eds.)
New Directions in Management Science, Gower, Aldershot, pp.133-164.
Jackson, M.C. (2000). Systems Approaches to Management, Kluwer/Plenum: London.
Jackson, M.C. (2004). Community operational research: purposes, theory and practice, in: G.
Midgley, and A.E. Ochoa Arias (Eds.) Community Operational Research: OR and Systems
Thinking for Community Development, Kluwer Academic/Plenum Publishers, New York, pp.57-74.
Jackson, M. C. (2006). Beyond problem structuring methods: Reinventing the future of OR/MS,
Journal of the Operational Research Society, 57, 868–878.
Jackson, M.C. and Keys, P. (1984). Towards a system of systems methodologies, Journal of the
Operational Research Society, 35, 473-486.
Jasanoff, S. (2004). The idiom of co-production. In S. Jasanoff, States of Knowledge: The CoProduction of Science and the Social Order, Routledge, London.
©2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Johnson, M.P. (2012). Community-based operations research: introduction, theory, and applications.
In M.P. Johnson (Ed.) Community-Based Operations Research: Decision Modeling for Local
Impact and Diverse Populations, Springer-Verlag, New York, pp.3-36.
Johnson, M.P. and Smilowitz, K. (2012). What is community-based OR? In M.P. Johnson (Ed.)
Community-Based Operations Research: Decision Modeling for Local Impact and Diverse
Populations, Springer-Verlag, New York, pp.37-65.
Jones, S. and Eden, C. (1981). OR in the community, Journal of the Operational Research Society,
32, 335-345.
Kingdon, J. (1984). Agendas, Alternatives and Public Policies, Little Brown and Co., Boston.
Kirby, M.W. (2006). ‘A festering sore’: the issue of professionalism in the history of the Operational
Research Society, Journal of the Operational Research Society, 57, 1161-1172.
Klein, J.H., Connell, N.A.D. and Meyer, E. (2007). Operational research practice as storytelling,
Journal of the Operational Research Society, 58, 1535-1542.
Kuhn, T. (1962). The Structure of Scientific Revolutions, University of Chicago Press, Chicago.
Lawrence, A. (2006). No personal motive? Volunteers, bio-diversity, and the false dichotomies of
participation, Ethics, Place and Environment, 9, 279-298.
Levin, M. (1994). Action research and critical systems thinking: two icons carved out of the same log?,
Systems Practice, 7, 25-41.
Luck, M. (1984). Working with inner city community organizations. In K. Bowen, A. Cook, and M. Luck
(Eds.), The Writings of Steve Cook, Operational Research Society, Birmingham.
Maani, K.E., and Cavana, R.Y. (2007). Systems Thinking and Modelling: Understanding Change and
Complexity, Prentice Hall, New Zealand.
Marine Management Organisation (2014) Developing the East Inshore and East Offshore marine plan
areas, https://www.gov.uk/east-inshore-and-east-offshore-marine-plan-areas accessed 16/06/17.
Mason, R.O., and Mitroff, I.I. (1981). Challenging Strategic Planning Assumptions, John Wiley and
Sons, Chichester.
Midgley, G. (1996). What is this Thing called Critical Systems Thinking? In R.L. Flood and N.R.A.
Romm (Eds.) Critical Systems Thinking: Current Research and Practice, Plenum, New York,
pp.11-24.
Midgley, G. (2000). Systemic Intervention: Philosophy, Methodology, and Practice, Kluwer
Academic/Plenum Publishers, London.
Midgley, G. (2008). Systems thinking, complexity and the philosophy of science, Emergence:
Complexity and Organization, 10, 55-73.
Midgley, G., Ahuriri-Driscoll, A., Baker, V., Foote, J., Hepi, M., Taimona, H., Rogers-Koroheke, M.,
Gregor, J., Gregory, W., Lange, M., Veth, J., Winstanley, A., and Wood, D. (2007). Practitioner
identity in systemic intervention: reflections on the promotion of environmental health through
Maori community development, Systems Research and Behavioural Science, 24, 233-247.

©2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Midgley, G., Cavana, R.Y., Brocklesby, J., Foote, J.L., Wood, D.R.R., and Ahuriri-Driscoll, A. (2013).
Towards a new framework for evaluating systemic problem structuring methods, European Journal
of Operational Research, 229, 143-154.
Midgley, G., Johnson, M.P., and Chichirau, G. (2017). What is Community Operational Research?
European Journal of Operational Research, under review.
Midgley, G., Munlo, I., and Brown, M. (1998). The theory and practice of boundary critique:
developing housing services for older people, Journal of the Operational Research Society, 49,
467-478.
Midgley, G. and Ochoa Arias, A.E. (1999). Visions of Community for Community OR, Omega, 27,
259-274.
Midgley, G. and Ochoa Arias, A.E. (2004a). An introduction to community operational research. In G.
Midgley and A.E. Ochoa Arias (Eds.) Community Operational Research: OR and Systems Thinking
for Community Development, Kluwer Academic/Plenum Publishers, New York.
Midgley, G. and Ochoa Arias, A.E. (2004b). Visions of community for community OR. In G. Midgley
and A.E. Ochoa Arias (Eds.) Community Operational Research: OR and Systems Thinking for
Community Development, Kluwer Academic/Plenum Publishers, New York.
Midgley, G., and Pinzón, L. (2013). Systemic mediation: moral reasoning and boundaries of concern,
Systems Research and Behavioral Science, 30, 607-632.
Midgley, G. and Reynolds, M. (2001). Operational Research and Environmental Management: A New
Agenda, Operational Research Society, Birmingham.
Midgley, G.R. and Reynolds, M. (2004). Systems/operational research and sustainable development:
towards a new agenda, Sustainable Development, 12, 56-64.
Miller, A.N., Taylor, S.G., Bedeian, A.G. (2011). Publish or perish: academic life as management
faculty live it, Career Development International, 16(5), 422-445.
Mims, F.M. III (1999). Amateur science-strong tradition, bright future, Science, 284(5411), 55-56,
http://science.sciencemag.org/content/284/5411/55.full accessed 23/06/16.
Mingers, J., and Rosenhead, J. (2004). Problem structuring methods in action, European Journal of
Operational Research, 152, 530-554.
Mingers, J., and Gill, A. (Eds.) (1997). Multimethodology: Theory and Practice of Combining
Management Science Methodologies, Wiley, Chichester.
Mitchell, R.K., Agle, B.R. and Wood, D.J. (1997). Toward a theory of stakeholder identification and
salience: defining the principle of who and what really counts, Academy of Management Review,
22, 853-886.
Munck, R. (2014). Community-Based Research: Genealogy and Prospects. In R.Munck, L. McIlrath,
B. Hall and R. Tandon (Eds.) Higher Education and Community-Based Research: Creating a
Global Vision, Palgrave Macmillan, New York.
Nauroth, P., Gollwitzer, M., Kozuchowski, H., Bender, J. and Rothmund, T. (2016). The effects of
social identity threat and social identity affirmation on laypersons’ perception of scientists, Public
Understanding of Science, 1-17.
©2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Nature (2016). Editorial: Future present, 531:7–8, http://www.nature.com/news/future-present1.19474 accessed 23/06/16.
NUSAP (2017) Robust knowledge for Sustainability, http://www.nusap.net/ accessed 16/06/2017.
OECD (1979). Technology on Trial: Public Participation in Decision Making Related to Science and
Technology, OECD, Paris.
Official Journal of the European Union (2008). L 164/19, Chapter I, Article 1.1, 25 June.
OR Society (2017). Pro Bono O.R. in the Third Sector,
http://www.theorsociety.com/Pages/Probono/Probono.aspx accessed 26/06/17.
Ormerod, R.J. (1998). Beyond internal OR groups, Journal of the Operational Research Society, 49,
420-429.
Ossorio, P. (2015). The role of patents in limiting scientific research, New York Times,
http://www.nytimes.com/roomfordebate/2015/05/28/scientists-curbing-the-ethical-use-ofscience/the-role-of-patents-in-limiting-scientific-research accessed 23/06/16.
Parry, R. and Mingers, J. (1991). Community operational research: its context and its future, Omega
19, 577-586.
Pellizzoni, L. (2003). Uncertainty and participatory democracy, Environmental Values, 12, 195-224.
Piketty, T. (2010). On the long-run evolution of inheritance: France 1820-2050, PSE Working Papers
n2010-12. 2010. <halshs-00564853v2>.

Piketty, T. (2013). Capital in the Twenty-First Century [eBook]. A. Goldhammer (trans.), 2014,
The Belknap Press of Harvard University Press, Cambridge Massachusetts.
Popper, K.R. (1959). The Logic of Scientific Discovery, Hutchinson & Co., Routledge Classics, 2002,
Abingdon.
Popper, K.R. (1972). Objective Knowledge: An Evolutionary Approach, Clarendon Press, Oxford.
Renn, O. (2008). Risk Governance, Earthscan, London.
Riesch, H. and Potter, C. (2014). Citizen science as seen by scientists: methodological,
epistemological and ethical dimensions, Public Understanding of Science, 23, 107-120.
Ritchie, C., Taket A. and Bryant, J. (Eds.) (1994). Community Works: 26 Case Studies Showing
Community Operational Research in Action, PAVIC Publications, Sheffield.
Rosenhead, J. (1986). Custom and practice, Journal of the Operational Research Society, 37, 335343.
Rosenhead, J. (1987). From management science to workers’ science. In M.C. Jackson and P. Keys,
(Eds.) New Directions in Management Science, Gower, Aldershot.
Rosenhead, J. (2006). Past, present and future of problem structuring methods, Journal of the
Operational Research Society, 57, 759-765.
Rosenhead, J. (2009). Reflections on fifty years of operational research, Journal of the Operational
Research Society, 60, S5-S15.
Rosenhead, J. (2013). Book Review of Johnson, Michael P. (Ed.) 2012. Community-based operations
research: decision modeling for local impact and diverse populations, Interfaces, 43, 609-610.

©2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Rosenhead, J. and J. Mingers (Eds.) (2001). Rational Analysis for a Problematic World Revisited,
Wiley, Chichester.
Rosenhead, J. and Thunhurst, C. (1982). A materialist analysis of operational research, Journal of the
Operational Research Society, 33, 111-122.
Rosenhead, J. and White, L. (1996). Nuclear fusion: some linked case studies in community
operational research, Journal of the Operational Research Society, 47, 479-489.
Rouwette, E.A.J.A. (2011). Facilitated modelling in strategy development: measuring the impact on
communication, consensus and commitment, Journal of the Operational Research Society, 62,
879-887.
Royal Society (1985). The Public Understanding of Science, Report of a Royal Society ad hoc Group
endorsed by the Council of the Royal Society, London.
Schecter, D. (1991), Critical systems thinking in the 1980s: a connective summary. In R.L. Flood and
M.C. Jackson (Eds.) Critical Systems Thinking: Directed Readings, John Wiley & Sons,
Chichester, pp.213-226.
Science, Technology and Human Values (2011) Special issue on post-normal science, 36, 3.
Shaw, D., Ackermann, F., and Eden, C. (2003). Approaches to sharing knowledge in group problem
structuring, Journal of the Operational Research Society, 54, 936-948.
Shaw, D., Edwards, J.S., and Collier, P.M. (2006). Quid pro quo: reflections on the value of problem
structuring group workshops, Journal of the Operational Research Society, 57, 939-949.
Silvertown, J. (2009). A new dawn for citizen science, Trends in Ecology and Evolution, 24, 467-471.
Sims, D. and Smithin, T. (1982). Voluntary OR, Journal of the Operational Research Society, 33, 2128.
Skjervheim, H. (1974). Objektivismen og Studiet av Mennesket (Objectivism and the Study of the
Human Being), Gyldendal, Oslo.
Smith, L.T. (1999). Decolonising Methodologies, Zed Books, Ltd., London.
SOCIENTIZE (2014). White Paper on Citizen Science for Europe,
http://www.socientize.eu/sites/default/files/white-paper_0.pdf accessed 06/12/16.
Sullivan, D. (2016). Google’s results are no longer in denial over “Did the Holocaust happen?”
http://searchengineland.com/googles-results-no-longer-in-denial-over-holocaust-265832 accessed
20/12/16.
Suomela, T.E. (2014). Citizen Science: Framing the Public, Information Exchange, and
Communication in Crowdsourced Science, Doctoral Dissertation, University of Tennessee,
Knoxville, http://trace.tennessee.edu/cgi/viewcontent.cgi?article=4166&context=utk_graddiss
accessed 15/06/16.
Sulston, J. and Ferry G. (2002). The Common Thread: a Story of Science, Ethics and the Human
Genome, Bantam, London.
Stilgoe, J. (2009). Citizen Scientists: Reconnecting Science with Civil Society, Demos, London,
http://www.demos.co.uk/files/Citizen_Scientists_-_web.pdf accessed 23/06/16.

©2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Stone, D., Maxwell, S. and Keating, M. (2001). Bridging Research and Policy: An International
Workshop Funded by the UK Department for International Development Radcliffe House, Warwick
University, 16-17 July
www2.warwick.ac.uk/fac/soc/pais/research/researchcentres/.../research/.../bridging.pdf accessed
05/12/16.
Taket, A. and White, L. (1997). Wanted: dead OR alive – ways of using problem-structuring methods
in community OR, International Transaction Operational Research, 4, 99-108.
Taket, A. and White, L. (2000). Partnership and Participation, John Wiley and Sons, Chichester.
The Economist (2016). The post-truth world: Yes, I’d lie to you,
http://www.economist.com/news/briefing/21706498-dishonesty-politics-nothing-new-manner-whichsome-politicians-now-lie-and accessed 05/12/16.
Living Knowledge (2017) Living Knowledge: The International Science Shop Network,
http://www.livingknowledge.org/ accessed 16/06/17.
Thunhurst, C. (1992). Operational research: A role in strengthening community participation?, Journal
of Management in Medicine, 6, 56-71.
Toerpe, K. (2013). The rise of citizen science, The Futurist, July-August, 25-30.
TRAMS (2017) Final Report Summary - TRAMS (Training and mentoring of science shops),
http://cordis.europa.eu/result/rcn/46612_en.html accessed 16/06/17.
Turnpenny, J., Lorenzoni, I. and Jones, M. (2009). Noisy and definitely not normal: responding to
wicked issues in the environment, energy and health, Environmental Science & Policy, 12, 347358.
Ulrich, W. (1983). Critical Heuristics of Social Planning, John Wiley and Sons, Chichester.
Ulrich, W. (1988a). Systems thinking, systems practice and practical philosophy: a program of
research, Systems Practice, 1, 137-163.
Ulrich, W. (1988b). Churchman’s “process of unfolding” - its significance for policy analysis and
evaluation, Systems Practice, 1, 415-428.
Ulrich, W. (1993). Some difficulties of ecological thinking, considered from a critical systems
perspective: a plea for critical holism, Systems Practice, 6, 583-611.
Ulrich, W. (1996a). Critical Systems Thinking for Citizens: A Research Proposal, Centre for Systems
Studies, Hull.
Ulrich, W. (1996b). A Primer to Critical System Heuristics for Action Researchers, Centre for Systems
Studies, Hull.
Velez-Castiblanco, J., Brocklesby, J. and Midgley, G. (2016). Boundary games: how teams of OR
practitioners explore the boundaries of intervention, European Journal of Operational Research,
249, 968-982.
Videira, N., Antunes, P., Santos, R., and Lopes, R. (2010). A participatory modelling approach to
support integrated assessment processes, Systems Research and Behavioral Science, 27, 446460.

©2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Videira, N., Lopes, R., Antunes, P., Santos, R., and Casanova, J.L. (2012). Mapping maritime
sustainability issues with stakeholder groups, Systems Research and Behavioral Science, 29, 569619.
Wesselink, A. and Hoppe, R. (2011). If post-normal science is the solution, what is the problem? The
politics of activist environmental science, Science, Technology and Human Values, 36, 389-412.
White, L. (2006). Evaluating problem–structuring methods: developing an approach to show the value
and effectiveness of PSMs, Journal of the Operational Research Society, 57, 842-855.
White, L., Burger, K. and Yearworth, M. (2016). Understanding behaviour in problem structuring
methods interventions with activity theory, European Journal of Operational Research, 249, 9831004.
Whitelaw, G., Vaughan, H., Craig, B. and Atkinson, D. (2003). Establishing the Canadian community
monitoring network, Environmental Monitoring and Assessment, 88, 409-418.
Wilderman, C.C., Barron, A., and Imgrund, L. (2004). Top down or bottom up? ALLARM’s experience
with two operational models for community science,
http://acwi.gov/monitoring/conference/2004/proceedings_contents/13_titlepages/posters/poster_23
5.pdf accessed 23/06/16.
Wilsdon, J., Wynne, B. and Stilgoe, J. (2005). The Public Value of Science or How to Ensure That
Science Really Matters, Demos, London, UK,
http://www.demos.co.uk/files/publicvalueofscience.pdf accessed 23/06/16.
Wolpert, L. (1992). The Unnatural Nature of Science, Harvard University Press, Cambridge, Mass.
Wong, N. and Mingers, J. (1994). The nature of community OR, Journal of the Operational Research
Society, 45, 245-254.
Yearworth, M. and White, L.A. (2014). The non-codified use of problem structuring methods and the
need for a generic constitutive definition, European Journal of Operational Research, 237, 932945.
Ziman, J. (1978). Reliable Knowledge: An Exploration of the Grounds for Belief in Science, Canto,
Cambridge University Press, Cambridge (Canto edition, 1991).
Ziman, J. (1991). Public Understanding of science, Science, Technology, & Human Values, 16, 99105.
Ziman, J. (2007). Science in Civil Society, Imprint Academic, Exeter.

©2019, Elsevier. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

