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ABSTRACT: Increasing evidence suggests that individuals develop their understanding
of science concepts in and out of school, using varied community resources and
networks. Thus in contrast to historic research approaches that focus exclusively on
single organizations and/or educational events, the current paper presents exploratory
research in which we utilized specific community ecology analytical tools and
approaches to describe and analyze the U.K. science education community as a whole.
Data suggest that overall the U.K. science education community is highly interconnected,
and collaborative within individual sectors and moderately interconnected and
collaborative between sectors; schools and to a lesser degree universities were outliers to
this pattern. An important conclusion was that management to maximize the effectiveness
of science education the U.K. science education community would involve support for
continued diversification of the number of science education entities in the system and
encouragement of reciprocally collaborative, synergistic relationships. We posit that
systemic research enables a broader, more comprehensive view of a system’s strengths
and weaknesses, offering useful insights into the structure and functioning of science
education activities; insights that could help researchers, practitioners, and policy makers
improve the overall quality of science education delivery for all.



Today’s youth and adults live and learn within a variety of settings and configurations
that include the home, schools, informal/free-choice learning organizations and
institutions, and workplace environments, all shaped by a continuous stream of emerging
scientific and technological innovations and mediated by rapidly evolving digital media.
Collectively, these resources form a complex, community-learning infrastructure.
However, communities, and the complex learning infrastructure of intersecting
educational entities they contain, are not mere “backdrops” for science learning; they are
dynamic learning environments in which people engage, interact, and make sense of the
science they encounter in their daily lives (Barab & Kirshner, 2001). There is increasing
evidence that individuals develop their un- derstanding of science concepts in and out of
school using a variety of community resources and networks through an accumulation of
experiences from different sources at different times (e.g., Barron, 2006, Bathgate,
Schunn, & Corenti, 2014; Bell, Lewenstein, Shouse, & Feder, 2009; Falk & Needham,
2013; Horrigan, 2006; Hupbach, Hardt, Gomez, & Nadel, 2008; Ito et al., 2013; Korpan,
Bisanz, Boehme, & Lynch, 1997; Lemke, Lecusay, Cole, & Michalchik, 2012,
Organization for Economic Co-operation and Development [OECD], 2012; National
Science Board, 2012; Stocklmayer, Rennie, & Gilbert, 2010; Tal & Dierk- ing, 2014).
The result is that the boundaries of when, where, why, how, and with whom people learn
science are becoming increasingly blurred.

Despite the increasing evidence that individuals pursue scientific interests and develop
understandings across the day and throughout a lifetime, current approaches to analyzing
science education efforts rarely consider the theoretical or methodological implications of
these findings for research, practice, or policy. Most educational research and
development efforts are not planned nor designed to consider the multidimensional,
dynamic, and complex qualities of a robust community-wide system. Instead, they focus
on documenting the individual activities and outcomes of specific educational entities
(e.g., schools, science centers, digital media, after-school programs), typically over
relatively brief time frames. This research has provided valuable insights into the
contributions of individual educational entities to science learning. However, such
focused efforts fail to account for the totality and extent of the contingent, lifelong, and
diverse learning opportunities that exist for children, adolescents, and adults within a
robust community-wide system.

Studying the multidimensional, dynamic, and complex qualities of a community-wide
science education system must begin by creating an expanded definition of what consti-
tutes a public science education system. Rather than conceptualizing the public science
education system as schooling alone (pre-K, K—12, and postsecondary formal education),
a system-wide approach recognizes that formal education entities are critical and
necessary components but not sufficient; they alone do not constitute the whole system.
In a community-wide science education system, the vast array of informal entities such as
science centers, digital media, after-school programs, and so on, need also to be included
as mounting evidence now shows that these entities equally support the public’s science
education (Alexander, Entwisle, & Olson, 2007; Bell et al., 2009; Bee, 2011; Downey,
Von Hippel, & Broh, 2004; Falk & Needham, 2011, 2013; Falk, Dierking, Needham, &
Prender- gast, 2014; Lyons et al., 2012; Miller, 2010; OECD, 2012; Ormrod &
Duckworth, 1975; Tai, Qi Liu, Maltese, & Fan, 2006). Although the formal and informal



science education institutions in a community have historically been considered as
separate systems, they should not be, since there are large overlaps in both audience and
espoused goals. This is made clear by recent national science and science education
policy statements in numerous countries, including and particularly the United Kingdom,
which clearly define specific national priorities related to science education (e.g., HM
Treasury, 2004; House of Lords, 2000).

Second, one must identify the specific educational entities in a community and their
separate and individual activities, a challenging task in and of itself when taking a
community- wide perspective because every community includes many players beyond
the most conspicuous entities such as schools, science centers, digital media, and major
after-school programs. In addition, one must capture the dynamics of the system.
Studying science learning across the entire science education system requires that the
researcher analyzes the structure and functioning of the system as a whole, analyzing
whether, and if so how, the various entities connect and interact with one another
(Maroulis et al., 2010). Finally, there are also temporal implications to this approach. In a
world where learning is truly lifelong, and the opportunities for learning, particularly
outside of the formal sector, are often cross- generational. In other words, the
“beneficiaries” of the system include the learners of all ages, not only children but adults
and multigenerational groups such as families as well.

Conceptualizing a community-wide science education system is one thing; identifying the
key entities and their activities, and then analyzing the structure and function of the
system to determine whether it is healthy and robust, is quite another. By its very

definition, a community-wide science education system is complex1 as it supports
science learning across a range of time frames, learning environments, and
configurations, with innumerable possible interactions at the level of individuals, groups,
organizations, and institutions. Because system-wide approaches to science education
research have rarely been applied, most of the existing research affords researchers,
practitioners, and policy makers little, or at best, a superficial understanding of whether,
and if so how, the various components of a robust, community-wide science education
system might work collectively. Issues related to the alignment of goals between and
among providers, leadership, and who important players/stakeholders in the system are,
as well as how resources are allocated within the system, are all relevant to understanding
how such a system does and could operate. For example, are the myriad science
educational entities within the system interconnected in healthy and robust ways that
support seamless science learning for all or are they fragmented? Do providers within the
system share common goals, are they contributing synergistically to achieving these
goals, and are relationships between and among providers reciprocal and supportive? Is
the system resilient to disturbance or perturbation? Because system-wide research of this
kind is in its infancy in science education, and the theoretical and methodological
challenges to taking such approaches are great, it is critical to begin to identify systems to
study that are fairly contained and at least theoretically amenable to “management” in
support of large, universally agreed upon overarching goals such as the United
Kingdom’s commitment to achieving widespread public science literacy and engagement
(House of Lords, 2000).



This paper presents exploratory research in which we utilize specific analytical tools and
approaches initially developed by community ecologists studying the structure and
functioning of biological communities to examine the basic structure and functioning of
one particular, fairly contained science education system—the science education system
of the United Kingdom. Specifically, we identify the key providers of science education
within the United Kingdom, describe their activities, and analyze how these varied
science education entities intersect and interact. We examine the U.K. science education
system holistically from the top down using a system-wide approach. We assume that this
approach will enable a broader, more comprehensive view of the system’s strengths and
weaknesses offering useful insights into the structure and functioning of science
education activities within the United Kingdom, insights that could help researchers,
practitioners, and policy makers better understand and ultimately improve the quality of
science education efforts there.

I We use complexity in a very specific way—mnot “complicated”—but rather
characterized by properties and dynamics observed in a wide variety of adaptive
biological and social systems (Gell-Man, 1994).

LITERATURE REVIEW Systems Theory

Systems theory, also referred to as general systems theory, is an interdisciplinary field
that studies systems as a whole. Systems theory was founded by William Ross Ashby, a
cyberneticist, and Ludwig von Bertalanfty, a biologist, and others between the 1940s and
the 1970s, on principles drawn from biology, physics, and engineering (Ashby, 1946,
1947, 1956; von Bertalanfty, 1968). More recently, complex adaptive systems or
complexity science have been used as synonyms, thus we will use these terms somewhat
interchangeably in this paper.

Complexity science is not a single theory—it encompasses more than one theoretical
framework and is highly interdisciplinary, seeking the answers to fundamental questions
about living, adaptable, changeable systems. The major tenet of systems theory is that the
whole of the system is greater than the sum of its parts. Systems are defined by the
dynamic interactions between the parts; these interactions can and do result in the
emergence of both affordances and constraints; relationships unpredictable from a
knowledge of just the constituent parts (Mason, 2008). Complexity arises in these
systems because they are dynamic, self-organizing, and adaptive networks of
interactions. Relationships within the system are not aggregations of individual static
entities but emerge from individual and collective behavior. External factors, such as
time, space, and allocation of resources, also affect the dynamics of complex systems.

Systems theory was developed to understand how relationships and connections between
the various sub-elements within the system combine to constitute the whole and how
external factors influence the system.

A wide range of disciplines have taken systems approaches to understanding the complex
workings of complex assemblages, with the ecological sciences among the earliest of
these efforts. Like many fields of biology, community ecology—the study of the



interactions of the collection of organisms living within a specific geographic area—
began as a descriptive science, but more than a quarter of a century ago, ecologists began
applying increasingly sophisticated modeling strategies as a device for organizing
systemic complexity and better understanding community dynamics. Since most
biological communities are extraordinarily complex, ecologists often focused their
investigations of communities on conspicuous, readily identifiable sets of organisms,
analyzing the position they occupy in a food chain or other readily measurable
relationships between them. This approach enabled ecologists to develop basic
understandings of the structure and functioning of the assemblage of key organisms
within a community—basically what organisms live there, what activities/roles they play,
and what the network of relationships between those organisms looks like. Community
ecologists investigate these relationships on a range of spatial and temporal scales,
including the distribution, structure, abundance, equitability, and interactions between
coexisting populations (Morin, 2011).

Community ecologists discovered that there are some organisms or functional groups of
organisms that have a greater impact on the whole than others, whether defined in terms
of energy capture, availability of carbon resources, maintaining ecological balance, or
some other specific community “goal” (Paine, 1995). As it turns out, frequently these
critical organisms or groups of organisms are not the most numerous or conspicuous
members of the community, their benefit derives from the critical leverage or, in the case
of human systems, the facilitation they support in the system. The ecological term used to
describe these important members are “keystone” species or groups (Ripple & Beschta,
2004; Smith, Peterson, & Houston, 2003).

Over the past few decades, ecologists have studied how structures and patterns of inter-
action within a community generate healthier, more robust systems. An interesting
finding has been the growing appreciation that independent of the type of community,
greater complexity and more integrated and collaborative systems tend to be more
productive and more resilient (cf. Levins, 1998; Nacem & Li, 1997; Tilman, Lehman, &
Thompson, 1997). Concomitant with this finding is that productive and resilient
communities support healthy populations of keystone organisms (Ripple & Beschta,
2004; Steiner, Long, Krumins, & Morin, 2006). This important quality of robust systems
is referred to as coherence. Robust, complex adaptive systems also have reinforcing
feedback loops that feed information and resources back into the system. They also often
have critical thresholds or tipping points, times at which the behavior of the system
changes rapidly due to relatively modest changes in external conditions.

Diversity in a healthy system is more than just the number of species or organizations
present in a system (Levins, 1998; Morin, 2011). The key measure for understanding the
diversity of a community turns out to be less about individual species and more to do
with the assemblages of species, as mentioned earlier, the functional groups of
organisms. In particular, it is the organization of the assemblages of species into diverse
“niches” (i.e., roles and opportunities organisms or populations take to respond to the
distribution of resources and competitors) that actually determines the diversity of a
system (Gell-Mann, 1994). Thus an analysis of a community’s health and resilience
begins with studying the diversity of entities that comprise the community and the ways



those entities interact and fulfill roles within it, to determine whether the community has
“empty niches”—roles, resources, and opportunities not currently being fully utilized (cf.
Levins, 1998; Simberloff & Dayan, 1991).

With recent interest in sustainability, considerable focus of late in systems science has
been on the concept of resilience. Although resilience has at times been contested, with
critics arguing it is an ambiguous, contradictory term that raises unresolved questions,
McAslan (2010) has argued that the differences in definition are not as disparate as some
literature may suggest. In general, resilience refers to the ability for a system to absorb
and then recover from an abnormal event. Resilient communities are able to cope during
such events and recover afterward (Walker & Salt, 2005).

Applying Systems Theory to Human Communities and Social Science

Over the past 20 years, community ecology systems approaches have been applied to
human communities (e.g., Edwards, 2009; Mahonge, 2010; McAslan, 2010; Socolow,
Andrews, Berkhout, & Thomas, 1994) and used in a wide range of social science
disciplines, including healthcare, business management, economics, and public policy
(e.g., Brown & Keast, 2003; Dale, 2003; Hannan & Freeman, 1989; Hudson, 2004; Klijn
& Koppenjan, 2000; McLeroy, Bibeau, Steckler, & Glanz, 1988; Winch, 2012).

Just as in biological systems, the resilience of human communities has been found to be
dependent on networks of interactions and synergistic actions based on systems of
relationships, reciprocity, trust, and social norms (Mahonge, 2010; McAslan, 2010).
These networks and interactions in turn are influenced by the underlying diversity of the
community (Holland, 2006). Within a human community context, resilience is
demonstrated by the willingness and ability of organizations to develop and share
common goals and values and to collaboratively respond to change and perturbation
(Walker & Salt, 2005). External factors, such as time, space, and allocation of resources,
also affect the dynamics of complex human systems.

Recently, educational researchers and educators have begun to appreciate the potential of
this perspective for understanding and facilitating the process of educational change
(Jacobson & Wilensky, 2006). For example, researchers have constructed models to
explore the effects of policies that promote school choice in large, urban school districts
in the United States (Maroulis et al., 2010), whereas Lemke and Sabelli (2008) advocate
taking a systems approach to the planning and design of educational interventions. As
they argue, to coordinate effective change in a system, interventions must “actually
interconnect actors, practices and events across multiple levels of organization” (Lemke
& Sabelli, 2008, p. 122).

It is important to note that a wide range of social science researchers have borrowed the
concept of “ecologies” to frame their research, beginning with Barker and Wright (1951,
1954), Bronfenbrenner’s ecological systems theory (1979), ecological psychologists (e.g.,
Barker, 1968; Falk & Dierking, 1992; Kaplan & Kaplan, 1982; Wicker, 1979), and, more
recently, learning scientists talking about learning ecologies (e.g., Barron, 2006; Brown,
2000, Jackson, 2013). Although we certainly share the conceptual spirit of these previous



uses of the term ecologies—the idea that learning is a complex phenomenon that needs to
be understood as occurring within the context of a range of sociocultural and physical
contexts, multiple factors, and players—this is not our purpose in using this theoretical
approach to frame our research. We are directly applying specific analytical tools and
system-wide approaches, initially utilized in the field of community ecology (e.g., Falk,
1976; Morin, 2011) and now applied to human systems (e.g., Mahonge, 2010; McAslan,
2010), to describe and analyze the U.K. science education community and its activities as
a holistic system, taking a top-down view quite distinct from these other uses of the
terminology.

Applying Systems Theory to the U.K. Science Education System

We began our investigation with the explicit assumption that the United Kingdom
possesses myriad science learning resources (both in and out of school). Collectively,
these resources represent an educational infrastructure (cf. Bell et al., 2009; St. John &
Perry, 1993), which if successfully accessed and navigated afford rich opportunities for
science learning across individuals’ days and lifetimes. We also assume that the various
providers of science education within the United Kingdom operate as part of a single
large, complex system, even if the individual entities within that “system” do not
explicitly think of them- selves as being part of a system. We further assumed that
conceptualizing and studying a science education community in any country as a system
is important because it enables a broader, more comprehensive view of its strengths and
weaknesses.

Since we are taking a system-wide approach, we examined the functioning of the whole
system, including the relationships between the different entities within the community
and their interactions with one another; we did not investigate individual learning
experiences or institutions. Thus, our focus was not on how the system supported specific
individual learners, but rather on the overall structure of and interrelationships between
the major science education entities within the U.K. system. We also were interested in
how these entities perceived other entities in the system, for example, did they share
common goals and if so how did they build on or leverage what other entities offered to
support science learning for all. To study this system in such a way, we needed to
develop a basic understanding of the structure and functioning of the assemblage of key
entities within the U.K. science education system—in the case of this system, who are the
science education providers, what activities/roles do they play, and what does the
network of relationships between entities in the system look like (Morin, 2011).
Important to note is that although we can characterize science education within the
United Kingdom as a discrete entity, all communities are parts of both a larger system—

the ecosystem in which they are embedded—as well as interconnected with other nearby

communities.2

Structure of the U.K. Science Education System: Identifying the Entities

While we could have approached this task without any initial assumptions about the
identity of the major science education entities in the current U.K. science education sys-
tem, we knew establishing the evidence and criteria for what constituted a “major”



provider of science education would have been a study in itself. Instead based upon prior
investigations primarily conducted in the United States (Bell et al., 2009; Falk &
Needham, 2013; Falk, Randol, & Dierking, 2012), we began with the a priori assumption
that U.K. science education entities could be reasonably grouped into a finite number of
sectors. Much as a community ecologist might group the numerous organisms within a
community into a finite number of functional assemblages (e.g., primary producers,
canopy herbivores, insectivores, carnivores, and scavengers), representing species with
similar roles—we identified assemblages of science education entities and placed them
into functional sectors. Collectively then, each sector offers up a range of educational
offerings to some group of learners, i.e., audiences, to accomplish a range of educational
outcomes, e.g., goals, which collectively define the “niche” of the sector. Accordingly,
we assumed that entities within a sector were likely to target similar audiences (e.g.,
science centers target families and school groups with primary school-aged children) and
have similar goals (e.g., broadcast media promote interest and curiosity), though of
course considerable overlap in both audience and goals between sectors was likely.

One other characteristic of our system-wide approach to describing the system is
important to note. Unlike many previous “system-wide” studies (e.g., the various

Eurydice reports describing national European education systems3 ), we did not begin
with the assumption that the focal point of the U.K. science education system was
schools. As described earlier, a growing literature supports the critical role that informal
science resources contribute to public science learning, particularly when one takes a
lifelong, life-wide, and life-deep view. Thus, we begin our investigation with the view
that the various science education sectors are equally important to the public’s science
learning, that is, each is assumed to have equal stature within the system.

In summary, based on this review, our three framing assumptions are as follows: (1)
science learning resources in the United Kingdom are organized into a complex system,
(2) the public’s science learning is supported by a finite number of science entities
organized into “sectors,” and (3) each sector has a niche defined as the menu of science
education experiences it offers to specific audiences to achieve specific science education
goals. To the extent possible, our goal was to provide a “bird’s-eye view” of the entire
U.K. science education system, by describing and analyzing the relative contributions and
interrelation- ships between and among the various science education sectors in the
system (e.g., science centers, schools, youth groups, forums, media).

2The UK. science education community is embedded within a series of much larger
United Kingdom and European geographic, historical, political, and social systems. It
also interfaces with other communities such as the U.K. arts and cultural education
community and the U.K. leisure and tourism community, as well as the occasional
involvement of other professionals such as university researchers or software developers.
These relationships, though obviously important, were beyond the scope of this initial
investigation.

3cf. https://webgate.ec.europa.eu/fpfis/mwikis/eurydice/index.php?title=Home.



Research Goals and Questions

Using the United Kingdom as a case study, we use specific analytical tools and system-
wide approaches from the field of community ecology to describe and analyze the U.K.
science education community and its activities as a holistic system—viewing it from the
top down as a community ecologist might study any complex biological community. We
provide a first-order understanding of the structure and functioning of this system,
including the types of activities provided and unique mixes of audiences they served
within a specific geographical area.

Ecologically speaking, robust and healthy systems are resilient, supporting diverse
functions, and critical, i.e., keystone species. Since research also suggests that healthy
human communities are dependent on social interaction and collective action based on
networks of relationships, reciprocity, trust, and social norms, we also focused on these
properties of the system.

Our research questions were as follows:

1. What collectively, are the science education niches supported by the current U.K.
science education system—audiences served and goals aspired to?

2. How do science education entities perceive their position within the entire U.K.
system? Specifically, is there appreciation for the contributions and
interrelationships of all parts of the system or does there appear to be sector-
specific myopia?

3. What is the relationship between and among sectors? Are there discontinuities or gaps
that prevent the system from functioning holistically and synergistically?

Ultimately, our research goal was to determine to what degree educational entities within
the U.K. science education system are currently interconnected in healthy and robust
ways that optimally support seamless lifelong science learning for all.

METHODS

As far as we know, a study of this nature has not been attempted before. First and
foremost therefore, it is an exploratory study to describe the major features of the science
education system in the United Kingdom, essentially a first-order view of the system.

Identifying Sectors

As described earlier, based upon research conducted in the United States (Bell et al.,
2009; Falk & Needham, 2013; Falk et al., 2012), the science education resources of the
United Kingdom were organized into distinct science education sectors. Although we
could have started with large groupings such as “designed spaces,” “media,” and
“programs” (Bell et al., 2009), the public, as well as those who work within these
settings, distinguish between entities based upon their differing goals and physical
contexts. As a consequence, we came up with 16 discrete sectors plus a 17th “other”



category (Table 1).

Research Instrument

We sought to answer our research questions by sampling key science educators from
across the entire U.K. science community. Because individuals in our study represented
quite different sectors scattered around the United Kingdom, the instrument was
administered via the Web. The study questionnaire was developed through an iterative
process. Based on analysis of an initial series of semistructured interviews (n = 51) of
U.K. science education providers representative of the 16 identified sectors along

TABLE 1: Sector Categories and Usable Survey Responses by Sector

Percentage of

Organization Type Number Respondents
Education (a science organization or 36 18.0
business primarily focusing on educational
enrichment, e.g., Do Science, Ltd.; Hands
on Science, Ltd., and Mad Science East
Midlands)
School (both primary and secondary) 27 13.5
Science center (science and discovery 26 13.0
center)
Museum (e.g., natural history museum, 24 12.0
science and industry museum)
Org.: Not education (a science organization 23 11.5
or business where educational enrichment
is not the main business, e.g., science
research organizations, health
organizations, technology company)
Broadcaster (e.g., TV, film, or other media 14 7.0
producers)
Learned society (e.g., Royal Society of 12 6.0
Chemistry, British Medical Association)
University 11 5.5
Electronic media (e.g., Web sites, games, 3.0
videos)
Zoo/aquarium 6 3.0
Science festival 4 2.0
Hobby club (also community groups or sports 3 1.5
clubs)
Nature center (also parks or field centers) 1 0.5
Theater group 1 0.5
Library 1 0.5
Publisher (of printed science books and 0 0.0
magazines)
Other (any respondent who felt his or her 5 2.5
organization did not fit one of the above
categories)
Grand total 200 100.0




with an accompanying literature review of the field (cf. Falk et al., 2012), an initial set of
questions