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Abstract

Young people are taking increasingly public and overtly political action in response to
environmental concerns. There is a need for schools to support young people in navigating
current environmental challenges, however, the capacity for schools to do this is inconsistent
and often inadequate. Research is needed to understand how we can better support schools
and young people in confidently responding to contemporary and evolving environmental
issues. This thesis explores how environmental citizen science can contribute to lived eco-
citizenship in young people while they are in formal schooling. A major finding is that
environmental citizen science experiences offer opportunities to connect pupils with scientific
research practices in a way that offers authentic citizenship opportunities not ordinarily
available in schools. The research took a qualitative, in-depth, multi-method, case study
approach, exploring the experiences of school-based participants (n=74, pupils, teachers
and scientists) across three different school-based citizen science projects. Drawing on
place-responsive and new materialist orientations, situational analysis was the analytical

approach applied throughout this research.

This research found that the citizen science practice can be a sensory and relational
experience for pupils. Identifying a range of factors that influence the development of eco-
citizenship, including, caring for a place and intergenerational relationships, this research
contributes to understanding when and how citizen science practice can support schools to
respond to environmental challenges. Drawing on capability theory, this research explicitly
identifies the significance of more-than-human encounters on the emergence of eco-
citizenship dispositions in the pupils. The eco-citizenship capability to live with and in relation
to the world of nature was found to be supported by more-than-human encounters during
school-based citizen science projects. This is of particular importance for pupils whose
relationship with environmental issues is mediated predominantly by their school
experiences. Resource-related concerns were shared by the citizen science providers and
schools in these cases, representing a challenge to the operational sustainability of citizen
science projects with schools. Overall, this study has shown that citizen science practices in
schools allow pupils, as young citizens, to make personal responses to environmental
concerns across spatial, intersubjective, affective and performed dimensions. The findings
suggest that we need to support schools as a vital context for young people to encounter
and engage with citizen science practices, as these experiences can lead to the

development of important eco-citizenship capabilities.
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Chapter 1: Introduction

Background to this study

In this short, introductory chapter, | provide personal and professional reflection of my
interest in environmental citizen science as a component of science education in schools.
Additional background is provided around relevant policy contexts and some of the key
drivers of my particular interest in this area. The literature review will address the main thesis
themes, however some keynote ideas are noted in this chapter to help readers orient to the

focus of the study and the rationale for its execution.

My research interest in this topic was sparked a few years before embarking on my PhD
study. In 2015, at the Scottish Educational Research Association conference in Aberdeen, |
presented a short and in retrospect, fairly naive series of reflections on my S2 pupils’
responses to the Moorland Indicators of Climate Change Initiative (MICCI) project. Buoyed
by the energetic discussion and enthusiastic contribution of the audience, | was left feeling
quite sure that there was ‘something in this’ that | wanted to explore more fully. MICCI was
not my first experience of citizen science though, as | had used OPAL (Open Air
Laboratories) activities alongside other ‘endorsed’ programmes (such as the RSPB Big
Classroom Birdwatch resources and the RHS’s Campaign for School Gardens award
scheme) in my science teaching. Committed to taking my pupils outdoors as much as |
could, these programmes lent me some credibility, they backed up my assertions about the
importance of learning outdoors, and gave me a little more power to convince senior leaders
that what | was doing wasn't just ‘playing outside’. But what, if anything, did they do for my
pupils? And so, it was that wondering that became the seed from which this research has

grown.

My first teaching post was advertised as a ‘teacher of geography and biology’, ‘that is me,
and there can’t be many of us’, | thought. The interdisciplinarity that | had hoped for in the
role did not materialise. | was a geography teacher, and a biology teacher in two different
buildings, learning from two quite different departments. The school was uniquely positioned
however, it had extensive grounds, a well-connected location and a highly resourced school
community. This alongside a commitment to learning beyond the classroom meant that | was
able to participate in, and lead a wide range of school trips. From fungi-identification in the
school grounds, a ‘who can get the furthest/on the most London transport types’ competition,
through to a month spent with senior pupils in the rainforests of Guyana, these experiences

showed me first-hand the power of learning in ‘real-life’ situations. On my return to Scotland,
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a little disillusioned with formal education, | embarked on a series of short-term roles in non-
formal learning settings including museums and National Parks. These experiences
broadened my educational horizons and set up some of the networks that would prove
invaluable throughout the rest of my career. | headed back to the classroom, fortified by
these diverse approaches to learning, where | became a biology teacher with a strengthened

commitment to learning outdoors, and remained so for a decade.

This thesis explores experiences of three different citizen science projects from the
perspective of the participants, the pupils, their teachers and the scientists involved in
developing and leading the activities. The first two, MICCI and OPAL, were familiar to me
from my time as a teacher, the third, Soil Fertility Legacies (SFL) came about via one of my

PhD supervisors.

MICCI is a project which contributes to the work of the ‘Moors for the Future Partnership’.
School pupils are supported by a local scientist or ranger in participating in a full or half day
fieldtrip to a moorland or peatland local to their school. On this visit the pupils collect detailed
biotic and abiotic data about the moorland, including; soil and water temperature and pH,
peat depth, and a biodiversity survey identifying common moorland plant and animal
species. These data are used to help monitor the health of that particular moorland, and is
collated by the Peak District National Park to generate a report on the health of moorlands
across the UK. The MICCI project has been running since 2008 and has involved schools
collecting data from sites within many of the UK’s National Parks. The data that the pupils
collect and submit contributes to an understanding of the response of the UK moorlands and

peatlands to climate change and the impact of restoration works on these important habitats.

OPAL is a project which ran between 2007 and 2019 and was led by Imperial College
London. OPAL developed a range of ecological surveys which enabled people to collect and
contribute data on a range of ecological issues in their local areas. The surveys included
clear and simple protocols with ready-made data collection sheets, which made using them
in a classroom situation particularly attractive. The data collected could then be uploaded
and the results viewed as part of an interactive map of the UK. The surveys included; tree

health, air quality, bug count and water survey.

SLF is a project in which school pupils worked directly with a PhD student and their
supervisor to collect data contributing to their research project. The project built a body of
knowledge about the soil nutrients present in soils across the North West Highlands of
Scotland. Intended to provide land-owners and managers with practical information about

the soil quality in the area, the pupils were involved in soil testing across a number of local
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sites. Field data collection was supported by lab-based analysis giving the pupils an

experience that emulated that of the PhD student on a smaller scale.

These projects are all differently presented citizen science projects which are intended for
use with school pupils. MICCI and SFL worked only with schools. OPAL was intended to
widen participation in nature engagement, particularly in disadvantaged groups (Davies et al,

2016), these included but were not exclusive to schools.

Each of these citizen science projects focused on different environmental issues. Teaching
environmental issues is an important part of being a science and biology teacher in
Scotland. Scotland’s curriculum framework, Curriculum for Excellence (Scottish

Government, 2009a) states that, alongside eight other learning intentions,
Learning in the sciences will enable me to:

e Recognise the impact the sciences make on my life, the lives of others, the
environment and on society

e Develop an understanding of the Earth’s resources and the need for responsible use
of them

o Express opinions and make decisions on social, moral, ethical, economic and

environmental issues based upon sound understanding
Scottish Government, 2009a, p. 1

In practice, these learning intentions are attended to via course content informed by the
‘Sciences Benchmarks’ guidance (Education Scotland, 2017). These benchmarks define the
content that pupils are expected to develop knowledge about, and some of the skills required
to be demonstrated; for example, in the third level (which tracks broadly to S1/S2), teachers

are expected to evidence that a pupil:

Explains how the levels of carbon dioxide in the atmosphere have increased over
time, for example, through respiration of organisms, deforestation and increased

combustion of fuels.

Draws on supporting evidence, quotes and sources to demonstrate an association
between carbon dioxide in the atmosphere and increasing global temperatures as a

result of the greenhouse effect.

Scottish Government, 2017, p. 28
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The benchmarking guidance suggests that a wide range of evidence should be used to
demonstrate that pupils are working at the described level, these include ‘periodic holistic
assessment’, but also expressly include observations of pupils engaged in practical activities
and ‘learning in other environments’, for example, the outdoors. As a teacher, | was
therefore confident that using a range of outdoor-focused approaches to scientific enquiry
with pupils, in particular in relation to teaching environmental issues, was appropriate and

supported by the CfE Broad General Education policy context.

Senior phase, however, for me, was a different situation. With ‘high stakes’ for pupils, and
assessment built predominantly around a single, summative, written exam, opportunities to
take time over particular concepts or issues were in short supply. Yet, it was this group of
pupils, having chosen to continue with biology, for whom biology and science may go on to
form a significant part of their future lives and careers. As such, the chance to engage in
meaningful scientific enquiry that exposed the realities and complexities of research, | felt,
had the potential to be especially relevant and beneficial for these pupils. Leon-Beck and
Dodick (2012) found that undergraduate ecology students struggled with the unpredictability
of field studies. The authors suggest that more extensive experience in school may better
prepare novice scientists for the challenges that they faced, increasing motivation and
improving retention. As my passion for ‘projects’ became part of my identity as a teacher, |
was tasked firstly with supervising the Advanced Higher (AH) Biology projects, then teaching
the environmental and behavioural components of the course was soon added to my remit. It
became clear to me that these pupils, our ‘elite’ scientists, reflected the findings of Leon-
Beck and Dodick (2012) and found the move to (semi) independent research particularly
challenging. It was with this cohort of students that | thought citizen science had the most to
offer. Combining learning the knowledge and skills needed for outdoor fieldwork with a
contribution to a professional or ‘real’ scientific problem, | felt, had the potential to build
experience that would benefit the pupils in their AH projects, and maybe inspire and excite

them too.

My early attempts at understanding what was happening during outdoor fieldwork and citizen
science projects, as part of various courses of post-graduate study, utilised a pre-test, post-
test outcome-focused approach. This, as discussed in more depth in the literature review, (p.
38), is widely adopted in environmental education research. As Rickinson (2001) suggests,
there is a need to more fully understand the process of learning and engagement for pupils
in the outdoors. Cook (2008) also suggests that there is a need to more fully consider the
affective engagement of young people when engaged in outdoor fieldwork. In this research, |

move towards a deeper understanding of the processes involved for learners, and the
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sensory and relational encounters present when pupils are engaged outdoors. | hope that
this will help teachers to understand not only what can be achieved outdoors, but also what

is needed to improve provision.

The need for eco-citizenship

We are facing increasingly unprecedented environmental circumstances. The
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)
2019 reports that 100 million hectares of tropical forest have been lost between 1980 and
2000, more than 40% of amphibian species and around 1/3" of sharks and marine
mammals are currently threatened with extinction, and there is a ten-times increase in the
amount of plastic waste in the environment (IPBES, 2019). These shocking statistics, and
the conflicts associated with them, have become a regular feature in our daily news cycles.
The scale and complexity of our environmental situation is writ large in our experiences of
the world, causing worry for many. According to the Office for National Statistics (2021), 75%
of adults in Great Britain reported that they were worried about the impact of climate change.
Young adults (between 16 and 34 years old) were found to be slightly more anxious about
the future of environment than older adults. In combating eco-anxiety, Ojala (2018) suggests
three common approaches, ‘de-emphasising’ or considering the problem to be something
that affects others and not yourself, ‘emotion-focused’ or distracting yourself from the subject
so as not to experience the negative emotions, and finally, ‘problem-focused’ or talking to
others and making practical changes. As an educator, | am acutely aware of the
responsibility that | have in helping young people to understand the environmental issues
that we face, but also in building a ‘meaning-focused’ response. Utilising Lazarus and
Folkman’s (1984) work on coping, Ojala (2018) describes this as promoting ‘constructive
hope’, suggesting that this “can help them confront the problem and bear the burden of
taking on climate change without becoming overwhelmed.” (Ojala, 2018, p. 13). This
research focuses on my experience of using environmental citizen science as one tool to try
and help contribute to developing a ‘meaning-focused’ response to our growing

environmental emergency.

The Anthropocene, though contested, refers to a geological epoch characterised by human
related changes to the structure and function of the Earth (Crutzen, 2006). Some, Rull
(2017) for example, dispute the severity of the term, suggesting that only if the next ice age
is averted by human intervention (intentional or otherwise) could the term ‘Anthropocene’ be
truly attributed. Nevertheless, the impact of human development is and will be visible in the
geological record for much time to come. Evidence of early tools, weapons and domestic
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items mark the beginning, post-industrial changes to the composition of settlements can be
seen across the world (Rull, 2017) and most recently, evidence of plastics and micro-plastics
can be found in the deepest oceans and the digestive tracts of many organisms (Lin, 2021).
Environmental citizenship is considered an approach that may be able to attend to the
challenges of the Anthropocene due to its recognition of responsibilities and its global, non-
territorial nature (Wolf et al, 2009). Reis (2020) suggests that by experiencing and
connecting citizen science and activism, young people can be offered a way of bringing
experiences of pro-environmental behaviour from schools into their local communities.
Exploring the utility of citizen science in developing and exposing pupils to environmental
citizenship as an experience, my research furthers understanding of the provision of one of a
suite of tools that young people may use to tackle these complex global challenges within

formal education settings.

Taking positive, practical action for the environment can be one way that eco-anxieties can
be overcome (Panu, 2020). Goldman et al (2020) suggest that engaging in pro-
environmental behaviours can have a ‘catalytic’ effect, where the positive emotions
associated with engaging or participating in action for the environment initiate and build the
desire to continue engaging in such actions. This, the authors suggest, can lead to a change
in environmental identity, further encouraging action to consolidate and deepen that identity.
Engaging in explicitly pro-environmental behaviours may be desirable for young people
experiencing eco-anxiety, yet the routes available to them may be restricted (e.g., limited
political or consumer power) or conflicted (e.g., peer and family pressures). Giving young
people the opportunity to engage in pro-environmental actions within formal schooling has
the effect of making these ‘compulsory’, and thus removing the pressure from young people
to make an active decision to participate. Participation in citizen science projects may be one
way to activate young people’s positive pro-environmental response as part of their formal

school science experience.

Education for environmental citizenship

Environmental citizenship is a much debated and contentious term. Dedeoglru and
Ekmekcioglu (2020) suggest that there are at least 40 different conceptualisations of
citizenship across citizenship literature (ibid. p. 3), the position of environmental, ecological
and ‘green’ citizenships within these conceptions is increasingly important. Hadjichambis
and Reis (2020) suggest that “environmental citizenship is recognized as an important

aspect in addressing global environmental problems” (ibid. p. 1). As such, an understanding
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of what it means to do environmental citizenship and what it means, and feels like, to be an

environmental citizen is crucial in defining and refining this complex conception.

Renshaw (2021) suggests “to address the crises of the Anthropocene, students and
teachers need to move beyond complacency towards an engaged and activist civic stance”
(ibid. p. 15). In defining ‘environmental citizenship’, Hadjichambis and Reis (2020) include
“active engagement and civic participation” (ibid. p. 20) stressing the need to act in both
private and public domains, and in collective as well as individual actions. The authors
suggest that a move to ‘education for environmental citizenship’ goes some way to
overcome the sometimes conflicting and contradictory priorities of environmental education.
Dobson (2007) proposes that environmental citizenship can be ‘kickstarted’ via formal
education. Dobson asserts that environmental or ecological citizenship are not component
parts of citizenship education more widely conceived, rather that all of citizenship education
can be experienced via environmental or ecological citizenship. He goes on to advocate
involving pupils in practical, project-based activities that would develop them as “young
people who know and do citizenship” (Dobson, 2007, p. 285). Citizen science projects can
provide these opportunities and can be experienced on a local, national and global scale,
thereby giving young people the opportunity to experience environmental citizenship in a
practical way.

As discussed in more depth in my literature review, Huttunen et al (2020) describe
environmental citizenship as experienced in what the authors term ‘relational space’ or the
“networks and relations that evolve beyond the actual local qualities of the place” (ibid. p.
202). They suggest that in these spaces, it is possible to identify environmental citizenship
through emerging and diverse actions, rather than the rights and responsibilities evoked in
the more socio-legal framings. This description echoes the features of the feminist
perspective (Lister, 1997) and the lived (green) citizenship dimensions of Kallio, Wood, and
Halki (2020). By connecting local environmental issues to wider scientific and environmental
projects, citizen science offers young people a way to enact environmental citizenship within
‘relational space’. This research explores the experiences and reflections of the young
people, their teachers and the scientists involved to more deeply understand the potential of

utilising citizen science in formal school settings.

The various crises that compose the Anthropocene are in part attributed to a disconnect
between humans and nature (Nisbet et al, 2009). @stergaard (2017) describes the particular
challenges of science education in connecting students with the environment in order to
facilitate learning for sustainable development. The skills of “belonging, caring and

(re)connecting to the environment” (Jstergaard, 2017, p. 558) are vital to science education,
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arguing that ‘science-teachers-to-be’ need opportunities to establish and deepen these skills.
Hadjichambis and Reis (2020) emphasise the importance of science education in
empowering citizens to actively participate in decisions about socio-scientific and
environmental issues. Science education, however, may not easily meet this challenge.
@stergaard (2017) argues that some methods of science teaching, by attempting to make
complex and abstract concepts visible to learners, result in a distance between the learner
and the familiarity of the world around them. Scientific processes too, in attempting to
minimise human error and maximise reliability (Roth and Lee, 2002) establish a gap
between the knowledge that students access through science and that which they are able
to access through their own senses and experiences. The potential of citizen science
experiences in connecting pupils (and their teachers) to the relational and sensory nature of

scientific enquiry is a key component of this research.

Citizen science: an opportunity to connect science education and eco-

citizenship

There are a range of approaches taken in science learning which attempt to bring ‘real’
science into the science learning experience for pupils. For example, Drissner et al (2010)
describe a ‘green classroom’ which attempts to develop positive relationships between
science pupils and small animals. Taylor et al (2008) describe a ‘scientist in the classroom’
programme which aimed to improve the experience of science for the pupils and teachers
involved. Whiley et al (2018) describe a dramatic ‘scenario-based’ approach to science
teaching using the cultural trope of a ‘zombie apocalypse’ to engage pupils in an
environmental health topic. Among these ideas, Wals et al (2014) suggest that citizen
science could be an approach that brings environmental education and science education
together and Jenkins (2011) proposes that schools could take advantage of citizen science

opportunities to enhance the science learning that pupils are engaged in.

Using citizen science to connect pupils with real scientific projects or scientific organisations
may bring an authenticity that isn’t ordinarily available in schools. However, with a range of
opportunities on offer to schools, and limited time and resources with which to work, why
should citizen science be a consideration for teachers? Jordan et al (2012) suggest that it is
the engagement in aspects of authentic science that “distinguishes citizen science as an
informal learning experience” Jordan et al (2012, p. 1). The opportunity to engage in
practical fieldwork tasks where the quality of data collected matters more than it might in a
typical science experiment, may serve to elevate the interest level in seemingly mundane,
practical tasks. However, Bonney et al (2009) suggest that a lack of evidence of citizen
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science positively affecting attitudes towards science may be in part due to the recognition
that scientific enquiry can be time consuming, challenging and at times tedious. The nature
of citizen science being related to ‘real world concerns’ at a local or global scale may
increase the socio-scientific considerations that connect science to citizenship learning.
Despite an increasing presence of young people in public and political environmental
spheres, there is limited exploration of the conception of eco-citizenship experiences and
behaviours in educational settings (this is explored further in the literature review). This
research contributes to developing an understanding of the mechanisms that formal
education can engage to contribute to identifying and building eco-citizenship capabilities. |
do this by evidencing the relational experiences of young people engaged in citizen science

projects through school.
Policy context

Citizen science in Europe, the UK and Scotland

The research is situated predominantly in Scotland where there is a commitment from the
Scottish government to promote citizen science to schools. Education Scotland produced a
report in 2015 entitled ‘Citizen Science and Curriculum for Excellence’. This report defines
Citizen Science as “the gathering, recording and analysis of scientific data by members of
the public” (Scottish Government, 2015, p. 2). The report suggests that citizen science can
enable young people to engage with science and the scientific community in a way that is
meaningful to themselves and society. While this phrasing echoes terms that recur through
the science ‘Experiences and Outcomes’, and also the National level qualifications, it also
echoes the democratic participation in science advocated by Irwin (1995). The report
explicitly claims that citizen science can challenge the perception of ‘science for scientists’
rather than science for everyone. The report goes on to make clear links to the subject areas
that citizen science is felt to offer an input; science, literacy, numeracy and mathematics,
social studies and health and wellbeing. An emphasis on the wider impacts of citizen science
on pupils suggests that it can provide motivation, connect with Learning for Sustainability,

STEM context and parental engagement.

With awareness of the potential of citizen science projects growing (Hecker et al, 2018),
governments and advisory organisations have produced a range of reports and
recommendations relating to the development and utilisation of citizen science in policy and
practical terms. The next section will describe selected documents from government or

advisory bodies from Europe, the UK and Scotland to illustrate the current policy picture
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regarding citizen science. There is a stronger emphasis on the policy position in Europe than
the UK for two key reasons, firstly, the policy position in Europe is more clearly envisioned,
and secondly, following Brexit and related political debate, there appears to be a stronger

alignment from Scotland towards the European than UK policy context.

Europe

In 2014 ‘Socientize’ published a white paper on ‘Citizen Science for Europe’ for the
European Commission. The paper provides policy recommendations to improve the

understanding and impact of citizen science.
Citizen science is defined by the authors as:

the general public engagement in scientific research activities when citizens actively
contribute to science either with their intellectual effort or surrounding knowledge or

with their tools and resources.
(Serrano Sanz, 2014, p. 8)

This definition is positioned at the fore of the ‘Socientize’ paper, however it goes on to
suggest that citizen science cannot be reduced to a single definition but is rather a dynamic
research approach that is evolving in response to the changing research environment
reflecting the collaboration and shared goals of those involved. This conflict reflects the
discussion had by Eitzel et al in their 2017 paper which analyses the terminology used
around the citizen science field. They note that there are contextual and nuanced meanings
around the terminology that are a part of the growing and evolving language of citizen
science. They suggest that in the use of the most general terms (e.g., citizen science), it
should be recognised that these may have unsettled or problematic elements. This is
particularly important when considering policy recommendations that cover broad and varied

countries and cultures.
The ‘Socientize’ report describes a broad network of collaboration in which:

Participants provide experimental data and facilities for researchers, raise new
guestions and co-create a new scientific culture. While they add value, volunteers
acquire new learning and skills and gain a deeper understanding of the scientific
work in appealing ways. As a result of this open, networked and transdisciplinary
scenario, science-society-policy interactions are improved, leading in turn to a more

democratic research based on evidence and informed decision-making.

(Serrano Sanz, 2014, p. 9)
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This description is highly idealistic and reflects not only the aspirational practical research
goals of scientists and citizens attending to relevant scientific questions, but also suggests
that the impact of this collaborative work may lie in the policy/democratic decision-making
realm, which is a bold claim. Nascimento (2018) suggests that while citizen science does
have this potential to affect local and national decision-making, the diversity of legislative
frameworks and differing expectations of participants and professional scientists have

prevented greater impact of citizen science in the policy sphere as yet.

The Serrano Sanz (2014) report suggests that there is a need for a new way of acting in
order to address the current global challenges with an emphasis on scientific and social
values alongside economic concerns. It suggests that structural and political changes are
needed to prioritise responsible decision making and encourage joint solutions. There is the
suggestion that digital solutions offer a platform to “turn ideas into actions” (Serrano Sanz,
2014). It goes on to suggest that citizen science can operate between the ‘macro’ world of
policy makers and the ‘micro’ world of research communities, offering a ‘meso’ position that

may be able to bring the ‘macro’ and ‘micro’ worlds together effectively.

Two proposed actions are identified at the macro, or policy level across Europe; ‘Targeted
Programming’, the development of funding and support programmes to encourage citizen
science projects and ‘Mainstreaming Citizen Science’, utilising citizen science as a key part
of existing funding opportunities and embedding citizen science in existing scientific
research. The Serrano Sanz (2014) report identifies key support measures including;
evaluation and assessment, access to technology and data policy. The first of the support

measures related to education and involves:

Updating educational programmes in order to promote and to recognise new forms of
community engagement and digital skills in the curriculum. New tools and
educational materials should foster citizens' autonomy and responsibility for change
at an early age (encouraging curiosity, criticism, self-learning, self-expression)
through lifelong learning. Educational programmes should stress collaboration
between schools and scientific institutions, which needs to be reflected in scientific

and educational value systems.
(Serrano Sanz, 2014, p. 24)

The statement proposes updating the curriculum, in particular in relation to new forms of
community engagement and digital skills. This may be a challenging proposition for schools,
who, across Europe will have widely different positions in relation to citizens’ autonomy and

responsibility for change. As Yacoubian (2018) discusses, embedding scientific literacy in
21



school curricula in a way that fosters critical thinking and reflection on global citizenship and
democracy contains some key risks that are important here. Firstly, the cultural context of
different schools will challenge the vision of embedding citizen science in schools and
secondly the differing professional capacities of teachers, while some would embrace the
challenge of citizen science, some would inevitably find it burdensome and undesirable.
Balancing these differing perspectives is as much of a challenge as the citizen science

projects in themselves.

At the Meso level, a further three actions are proposed; contribution to ongoing initiatives,
building communities of policy makers, scientist and society, and the integration of publicly
conducted and initiated research. Again, the first support measure relates to education, this

time focused on ‘Training and Learning’:

Providing an educational plan on key aspects of Citizen Science that encompasses
all phases of the life-long learning process, from early childhood to continuing adult
education. Plans should be adapted to the different cultural settings found across
Europe. They should also provide educational strategies for Citizen Science actors
and address, among others, scientific procedures, technical issues, community
management, sociological aspects or learning methodologies, as well as specific

training for policy makers on Citizen Science methodologies.
(Serrano Sanz, 2014, p. 28)

In this measure, there is a recognition of the cultural differences that exist across Europe,
and a suggestion of a two-way dialogue between the schools and the citizen science actors.
However, the first word in the statement is ‘providing’, this is a more authoritative term

suggesting there is a correct way to do this.

Finally, at the Micro level, two challenge questions are posed, the first asking researchers
what they feel can be gained by working with volunteers, and the second asking the
volunteers what they feel can be gained by working with scientists. In this case, the support

measure relating to education — training and learning states that:

Citizen Science has an educational value, implicit or explicit. Schools are considered
primary targets for the introduction and promotion of Citizen Science. Collaboration
with teachers can give Citizen Science a boost and increase educational and media
repercussion. Early collaboration between teachers and researchers during the

development of collaboration activities is essential for success in adapting
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participative research activities of students to the national curricula and the specific

school contexts.

Customized Training Material for Specific Target Groups: exploiting the full range
of media, e.g., online and offline guidelines and handbooks, interactive multimedia,
games, scientific protocols, etc. to produce high-quality learning material and
teaching unit plans for each target group. Ideally, this material would be designed,
developed and tested in a participatory way, involving representatives of the specific

target groups.
(Serrano Sanz, 2014, p. 31)

This suggests that recognition of the particular school contexts is important and that
collaboration is essential to the success of projects. Although this is aimed at the micro level,
the development of a suite of training materials that can be adapted to specific target
audiences is representative of the ‘provision’ of the right way to do things. Harlin et al (2018)
suggests that the balance of scientific and educational tasks within a citizen science project
can be challenging and that the adoption of professional training programmes for teachers
may go some way to promote citizen science as a collaborative rather than a ‘delivered’
initiative. This professional relationship enables the balance of learning and scientific tasks

to evolve in the interests of the project rather than science or education exclusively.

Across all three levels there is the assumption that citizen science is desirable and that
schools and education providers will embrace this approach to science education if the
correct resources and support are put in place. While this may be the case in some
circumstances, there is a lack of understanding of the complexity around the decisions that
are made by and for schools in relation to the activities and learning experiences that they
are willing and able to engage in. My research contributes to illuminating and understanding

this complexity.
UK

In 2018, DITOs (Doing It Together Science) produced a policy briefing document in which
they suggest that there is a disconnect between citizen science projects and the
environmental policy context in the UK (DITOs, 2018). The authors suggest that citizen
science is unsupported either in policy terms or in resource and funding support, which, they
suggest “is unlikely to maximise the potential that citizen science can offer in the UK”
(DITOs, 2018, p. 1). The report goes on to identify three key area of further discussion.

Firstly, the authors identify the current environmental policy context in the UK as particularly
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‘top-down’. This results in a lack of value placed on the perspective of citizens in relation to
environmental issues. Secondly, there is currently no direction for environmental bodies to
engage with citizen science providers, unlike the position in Europe and the US, for example.
This leads to competing organisational and technical challenges which can restrict effective
communication. Finally, there is a disconnect between the data needed by policymakers and
that which is collected by citizen science organisations. This results in an inconsistent and
partial contribution of citizen science to environmental policymaking. Recommendations to
improve this situation include, improved infrastructure, resources and funding to develop
stronger communication between citizen science organisations and environmental
policymakers in the UK (DITOs, 2018).

Scotland

In the 2014 Scottish Government Briefing Paper ‘Citizen Science’ is defined as “the
involvement of volunteers, including the public and communities, in scientific research”
(Scotland Counts, 2014, p.1). The report provides an overview of Citizen Science and the
policy connections, and potential outcomes both for people and the environment. It connects
to the EU biodiversity strategy, 'Our life insurance, our natural capital: an EU biodiversity
strategy to 2020' which echoes the suggestion that citizen science offers the opportunity to
both collect data and involve/enthuse citizens in conservation related activities. The report
also makes reference to the UKEOF (2011) report in relation to biodiversity and
environmental monitoring and observations, highlighting the value of the combination of
environmental research and environmental education to the economy. This suggests that the
Scottish understanding of citizen science is positioned within the bigger picture of citizen

science emergence as a policy influence in Europe and the UK as a whole.

The Scottish Government (2014) report references an earlier literature review undertaken by
‘The Conservation Volunteers’ and the ‘Scottish Environmental Protection Agency’ (Morrow,
2014) which identifies a link between participation in citizen science projects and “increased
environmental knowledge, attitudes and behaviour”. The research was intended to contribute
to the development of ‘Scotland’s Environment Website’ (SEWeb) which provides
information on the environment in Scotland and aims to increase environmental stewardship.
As such the relationship between citizen science activities and attitudes and behaviour is a
key area of research for this team. The report found that while citizen science can be
effective at engaging participants with nature, it is the experiential learning rather than simply
knowledge alone that can impact on the behaviour and attitudes of the participants. They

also recognise that the complexity of factors, including motivation, experience and group
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dynamics, may have an effect on the behaviour of participants after the project is complete
(Morrow, 2014). This report makes no reference to the different types of people involved in
citizen science projects and draws on literature with a largely adult volunteer base. As such
young people and those involved in citizen science within formal education are not
represented within this report and the implications of this omission may result in
recommendations that are unsuitable for this particular participant group.

Alongside the clear level of importance placed on data collection activities, the Morrow
(2014) report also highlights the promotion of citizen science by Education Scotland,
suggesting that citizen science can provide opportunities to achieve Curriculum for
Excellence (CfE) outcomes and community and lifelong learning. Schools are identified
consistently throughout the report as key partners in establishing and supporting citizen
science activities. Schools are however, identified as ‘participating bodies’ rather than
enabling or co-ordinating bodies, which places schools as users of citizen science rather
than as creators or instigators of projects. Investment in citizen science has also been
responsible for delivering training and pilot projects in schools as well as community groups
and volunteer organisations. The report identifies the need for more support for schools to
get involved in citizen science, suggesting that improvements to science literacy will be
achieved through the hands-on nature of citizen science activities. It also suggests that
consideration be given to the inclusion of citizen science in accredited or qualification level
courses, suggesting that this benefits the recognition of citizen science as well as the pupils’
awards. This promotion of citizen science to schools echoes the assumptions made in the
European white paper that it will naturally be a good thing for schools to be involved in.
There is no suggestion of further research needed to understand if and how the ‘hands-on’
science activities advocated in citizen science projects are suitable or appropriate in the
schools setting, and if they are, that they will inevitably improve science literacy. In
researching the impact of scientific internships on high school pupils, Hsu and Venegas
(2018) found that collaborative working and discussion with scientists was a desired
outcome, however in reality the communications were often uni-directional, with the
scientists reverting to lecture and instruction while the pupils listened and followed
instructions. This exemplifies the challenges of achieving the expected or intended outcomes

when working with school age young people.

The policy documents from Europe and Scotland clearly place an importance on the
involvement of schools and young people in citizen science projects, in contrast to the policy
position in the UK. These differences reflect the differing importance placed on the outcomes

of the citizen science projects. This research contributes to the need to more fully
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understand the impact of citizen science on young people in formal schooling and how this

could impact on the policy decisions that it is hoped that citizen science is able to influence.
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Research aims

To explore citizen science as a cognitive, affective, sensory and relational experience as part
of formal schooling. What does this look like and how do the pupils, teachers and scientists

respond to and reflect on their experiences?

To explore citizen science as a lived eco-citizenship experience for young people in formal
schooling. What are the opportunities afforded by citizen science and how is the curriculum

refracted through the experience?

A note on the capability approach

My research did not take the capability approach as its main orientation at the outset.
Robeyns (2017) clarifies the difference between what she describes as the capability
approach as an “open-ended and underspecified framework” (ibid. p. 29), and a capability
theory as a more specific application of capabilitarian conceptions to a discrete
measurement, e.g., poverty or well-being. | will refer to the capability approach throughout
this thesis to acknowledge Robeyns (2017) determination on this terminology. The capability
approach in its current articulation was defined by Amartya Sen (e.g., Sen, 1980) and has
been developed along an alternative pathway by Martha Nussbaum (e.g., Nussbaum, 1988).
My research will draw heavily on Robeyns (2017) articulation of the capability approach as
having a ‘modular structure’, by which she means breaking the capability approach up into
its component parts in order to apply it to a particular problem. In my research, this involved
isolating ‘conversion factors’ as a key component of my analysis before applying these to the

pupils lived experience of citizen science practice.

As my study progressed, in particular reflecting upon the findings of the pilot study, the need
to more deeply understand the emerging abilities of the pupils became clear. Robeyns
(2017) suggests that the capability approach prompts “us to ask alternative questions, and to
focus on different dimensions when we make observations” (Robeyns, 2017, p. 7). The
capability approach offered a powerful mechanism by which to do this. It asks “what people
can do and be” (Robeyns, 2017, p. 9), which represents a different way of thinking about
environmental experiences to the input-outcome approach advocated by many (See section
1 of my literature review for more on this). Using the capability approach allows for the
emergence of capabilities to be identified rather than a dependence on pre-determined
outcomes as found in an outcome focused approach. The application of the capability
approach will be described in detail in the methodology (Theoretical Lenses section, p.69).
The related analytical dispositions that inform my findings will be returned to in depth in the
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discussion (in particular chapter 7, part 2). Robeyns (2006) suggests that the capability
approach provides a tool or a framework to ‘conceptualise and evaluate’ phenomena, rather
than a theory which explains, for example poverty or inequity. There is, therefore, a need to
include further theoretical explanation alongside the capability approach, in this research the
concept of eco-citizenship is used together with the capability approach to define the term
‘eco-citizenship capabilities’ as an original expression of emerging eco-citizenship.

Therefore, as the study iteratively progressed, the following research questions were settled

upon:

RQ1: What contribution is made by fieldwork experiences in curriculum-based environmental

citizen science that supports eco-citizenship capabilities?

RQ2: What contribution is made by more-than-human encounters in environmental citizen

science to support eco-citizenship capabilities in young people?

RQ3: What conversion factors contribute to the development of eco-citizenship capabilities

in young people’s experience of environmental citizen science in schools?

These research questions are articulated in a way that is designed to acknowledge the
context of the study and the intended audience. It is expected that the findings of this
research will be most useful to teachers and those working to support teachers via
educational research. Providing an exploration of the contributions that citizen science can
make to young people in formal education, and articulating the conversion factors that can
support these will enable me to effectively communicate the opportunities and limitations of
environmental citizen science experiences. Framing my research questions in this way
serves to work within the existing model of education in Scotland at the time of study. There
are advantages and possible limitations of this somewhat pragmatic approach, for example,
the instrumental nature of the idea of ‘conversion factors’ may suggest the promotion of eco-
citizenship capabilities as a desired ‘outcome’ of the citizen science experiences. Drawing on
the distinction between ‘capabilities’ and ‘functionings’ (Robeyns, 2017) in terms of actions
selected or taken by an individual helps to consider the nuanced experiences of citizen
science in this educational context. Further discussion of the limitations of the approaches

taken here can be found in the ‘Limitations and personal reflections’ section on page 213.
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Chapter 2: Literature Review

Introduction

In this literature review, | will describe the key strands of literature that informed my study as
it progressed. This will be divided into two sections, the first focusing on the position of
environmental citizen science in relation to formal schooling. The second explores my arrival

at eco-citizenship as a sensitising concept for my study.

In the first section, | will describe how the experiences of young people, in particular in
curricular contexts, in citizen science are described as part of the wider body of literature on
environmental citizen science experiences. This literature, and the assumptions contained

within it, informed the first empirical stage of my research.

In the second section, | will explore conceptions of environmental citizenship. This is a
contested idea and one in which my own understanding was challenged throughout this
research. In this section, | outline and explore the contested nature of the term, alongside
some relevant scientific and environmental ‘literacies’ in which measurements of impact in
citizen science projects are described. | will demonstrate the nature of my evolution towards
the conception of lived eco-citizenship and how this informed the design and analytical

framing of my research.

Section 1: environmental citizen science in formal education

Citizen science definition and background

“Citizen Scientists collect more than data. They collect meaning.”
(Louv, in Dickinson and Bonney, 2012, p. x)

Citizen science has recently grown in popularity as a phenomenon. In a crude search (see
Appendix 1 (p. 254) for details), the number of titles including the term ‘citizen science’ in the
‘Web of Science’ database showed a rise from single figures between 1996 and 2004 to
almost 2000 publications in 2021. A mix of factors have enabled citizen science to be
significant at the moment; including global communication and data upload, social media
and the fact that large numbers of people could be considered free and variously skilled
labour (Dunkley, 2018). While citizen science as a phenomenon has a long history (Kobori et
al, 2015; Miller-Rushing et al, 2012) and can involve fields as diverse as astronomy
(Odenwald, 2018), protein-folding ‘games’ (e.g., Hand, 2010; Curtis, 2014) and cell biology
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(e.g., de Silva et al, 2016., Spiers et al, 2020), it is of particular relevance in the
environmental and ecological fields (Pocock et al, 2017; Reisch, 2015). Environmental policy
across Europe contains reference to Citizen Science (UNESCO, 2021) and the United
Nations (UN) Sustainable Development Goals (SDGs) reflect on the use of Citizen Science

as a way of monitoring the development towards the goals (Queiruga-Dios, 2020).

Criscuolo et al (2022) and Lakeman-Fraser et al (2023) emphasise the contribution that
citizen science projects make to meeting and monitoring the SDG’s. Criscuolo et al (2022)
highlight the potential contribution to sustainability objectives and policy decisions of citizen
science generated data, but they suggest that there is a lack of connectivity between the
citizen science projects and the SDG needs. Lakeman Fraser et al (2023) demonstrate the
relevance of a citizen science project (X-Polli:Nation) across a range of SDG’s, suggesting
that awareness raising and confidence-building are benefits of such projects. These echo
findings by Fraisl et al (2022) who report on the use of ‘Picture Pile’ a photographic tool that
can be used to monitor a range of SDG’s. The authors suggest that trust between the
various users and contributors is vital in the effective use of the platform. These different
assertions of the potential contribution to meeting and monitoring the SDG’s connects to the
policy context within which the schools operate, strengthening the case for participation in

citizen science experiences.

Suggestions that environmental citizen science offers a solution to the challenges of the
Anthropocene abound. McKinley et al (2017) suggest that citizen science is a ‘powerful tool’
in attending to conservation challenges. The authors describe two key ways in which this is
enabled, firstly in increasing the scale of conservation related efforts, and secondly, in
“engaging the public to help make decisions” (McKinley et al, 2017, p 17). Brombal (2019)
however, contends that citizen science, when focused on data collection only, is not enough
to bring about the significant, radical changes that are needed to truly attend to the complex
challenges faced at present. Jorgensen and Jorgensen (2020) propose that the potential for
transformation in citizen science lies in its potential to “cultivate environmental citizenship
and change attitudes” (ibid. p. 1). The authors suggest that by developing projects which are
explicitly ‘collective’, ‘situated’ and ‘connected’, citizen science can transform relationships
between people and nature. My research will provide evidence to show if and how citizen
science as part of formal schooling is able to engage pupils in such transformative

experiences.

There is a wide range of definitions of citizen science, Serrano Sanz (2014) goes so far as to
suggest that there can be no single definition, instead suggesting that citizen science is a

dynamic research approach that is evolving in response to the changing research
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environment reflecting the collaboration and shared goals of those involved. This echoes the
discussion had by Eitzel et al in their 2017 paper which analyses the terminology used
around the Citizen Science field. They note that there are contextual and nuanced meanings
around the terminology that are a part of the growing and evolving language of citizen
science. They suggest that when using citizen science as a general term, rather than ‘public
participation in scientific research’, or ‘community science’ for example, it should be
recognised that this may have unsettled or problematic elements. These issues of
terminology are particularly important when considering policy recommendations that cover
broad and varied countries and cultures. Dunkley (2018) also notes that the term citizen
science, especially the citizenship component, can be problematic, but that other terms, e.g.,
Public Participation in Scientific Research (PPSR), have not been able to command the

same widespread use.

The use of the term ‘citizen science’ as relevant to this study developed around the same
time in two distinctively different arenas. In 1995, Irwin proposed citizen science as a way of
opening up “the discussion of expertise, citizens and sustainability” (ibid. p. 169). Promoting
the democratisation of science, Irwin (1995), drawing on Funtowicz and Ravets (1993)
theory of post-normal science, suggests that there is a greater need for transparency in
science and technological institutions. He goes on to discuss the impact that recognising a
wide range of ‘ways of knowing’ about science, the environment and sustainability can have
on bringing together the natural and social sciences to address environmental concerns.
Around the same time, Bonney and a team from the Cornell Institute of Ornithology
described citizen science as Public Participation in Scientific Research (PPSR) (Bonney and
Dhondt, 1997). In this framing, enthusiastic amateurs work with research organisations to
collect and analyse data on natural phenomenon. The star-gazing and bird-watching
communities, for example, have a wealth of expertise and commitment to their fields which
professional scientists can gain access to, allowing research teams to extend the sample
size and geographic range of their studies in a way that no wholly professional research

team could realistically achieve (Nielsen, 2012).

Irwin and Bonney’s different conceptions of citizen science reflect alternative ways of
considering the relationship between ‘citizens’ and scientific enquiry. For Irwin, the use of the
term ‘Citizen Science’ is used to evoke “a science which assists the needs and concerns of
citizens” which at the same time “implies a form of science developed and enacted by
citizens themselves” (Irwin, 1995, p. xi). This framing locates people and their needs at the
heart of scientific enquiry, with contextual and local knowledge playing an important role in

the development of solutions to complex scientific and environmental problems. Irwin goes
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on to suggest that “the opening up of science to a wider set of knowledges and sources of
enquiry can only be beneficial to the growth of knowledge regarding environmental
response” (ibid. p. 175). In contrast, the framing of PPSR focuses on the “the degree to
which participants are included in various elements of the scientific process” (Dickinson and
Bonney, 2012, p. 5). With its origins in ornithological monitoring, this conception of citizen
science evolved around groups of interested hobbyists, prepared to dedicate time and
expertise to a cause of interest to them. The relationship between the public participants and
the scientific community is defined as one of “selfish altruism” (Dickinson and Bonney, 2012,
p. 7) where both are motivated by the shared benefits of collaboration. In this conception, the
data collected by participants may seem quite abstracted from the research design or
subsequent use of the results (Cooper, 2012) and as such is a very different type of scientific
citizenship to that described by Irwin (1995). Haklay et al (2023) suggests that these
alternative approaches need not be considered in opposition to one another, rather can be

found within and across the wide (and widening) range of citizen science projects.

To more fully explore the concept of ‘democratisation of science’, the two different
approaches to citizen science (described before) again do this in different ways. As
Kasperowski & Kullenberg (2019) suggest, while the largely contributory approach
advocated by the Public Participation in Scientific Research approach can be criticised for
being driven by professional scientists and using participants as data collection instruments,
motivation to get involved in such projects is often prompted by concerns over environmental
issues or interest in particular topics. Alternatively, citizen science as scientific citizenship, in
the way that Irwin (1995) describes, is more closely related to initiatives that have their
origins in specific environmental or community-based concerns. Thus, the scientific
investigation follows an issue of note that has perhaps not been recognised by the formal,
professional scientific community (Kasperowski & Kullenberg, 2019). Leach, Scoones and
Wynne (2013) suggest that these different ways of knowing and coming to know about an
issue may not be compatible, in particular in attempts to make decisions about particular
issues. Acknowledging that the way that the pupils in this study will come into contact with
citizen science, broadly in line with the contributory model described by Dickinson & Bonney
(2012), it is relevant to consider the extent to which this type of engagement can contribute

to an eco-citizenship that more fully looks towards a democratisation of science.

Funtowicz & Ravets (1993) describe ‘post-normal science’ as science in which “facts are
uncertain, values in dispute, stakes high and decisions urgent” (ibid. p. 744). They go on to
identify an ‘extended peer community’ which can operate in this ‘post-normal science’ arena.

An ‘extended peer community’ is described as an extension of the peer-review process
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found in traditional, or ‘normal’ science, and includes particular knowledge of local conditions
and circumstances, often in relation to a particular issue. Funtowicz & Ravets (1993) caution
that such groups often work in isolation, with limited systemic support and a lack of power in
relation to policy and decision-making structures. In an analysis of the correlation between
various typologies of citizen science and the PNS framework, Haklay et al (2023) found that
most citizen science typologies can be located within applied sciences or professional
consultancy, which fall outwith the ‘post normal science’ zone. In particular, projects
involving large numbers of participants across wide geographical areas were least likely to
demonstrate the relationship building and collaboration that is a critical component in the
‘extended peer community’ of post normal science. In looking towards the lived eco-
citizenship experiences of pupil participants in citizen science projects, this research is
cognisant of the opportunities and limitations for their inclusion (or exclusion) from the

‘extended peer community’ present in post normal science.

Lozano et al (2012) suggests that “education today frequently place a heavier emphasis on
the development of specific skills than on development of the whole human being” (idib. p.
136). Wals et al (2022) echoes this assertion, suggesting that efforts to measure educational
outcomes can lead to curriculum and pedagogy that are “confined to effective knowledge
transfer” (ibid. p. 535). In response to global challenges that include the climate crisis and
biodiversity loss, Wals et al (2022) argue that there is a need for curricula that are rooted in
the local school community while being “nested in the wider world” (ibid. p. 569). The
imperative to recognise different ways of knowing highlights the need to notice and legitimise
forms of knowledge production that are context specific and locally situated. Competence
focused educational thinking emphasises the “results that an individual can achieve through
an action, choice or behaviour” (Lozano et al, 2012, p. 139). However, the lived experiences
of pupil participants in (often) their first contact with citizen science experiences may not
yield the identifiable actions that are demanded to evidence competence. Roche et al (2020)
note that the educational and scientific ‘outcome’ goals of citizen science projects could be
more closely aligned, drawing on frameworks to measure learning outcomes, such as that by
Phillips et al (2018). In contrast, the capability approach (Sen, 1980, Nussbaum, 2011)
offers a way of considering education that is somewhat different to competencies or outcome
focused approaches in that it has the potential to notice and develop the “critical and
reflective capabilities” (Lozano et al, 2012, p. 143) of the pupils. In attending to the emerging
and lived eco-citizenship capabilities that pupils demonstrate in and through the citizen

science experience, using the capability approach as a theoretical lens offers a way of
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emphasising possible and potential ‘ways of knowing’ that pupils may come to as opposed to

the identification of pre-determined learning ‘outcomes’.

It is claimed that engaging school pupils in citizen science projects has the potential to
increase the diversity of participants (Edwards et al, 2018) however, this involves designing
projects with cognition of a wide range of experiences and skill levels. However, data quality
concerns are particularly acute when citizen science projects involve children. The variation
in children’s ability to accurately and consistently follow protocols gives rise to concerns over
the reliability of the data provided, or additional costs involved in checking and cleaning such
data (Makuch and Azcel, 2018). The majority of citizen science volunteers are older, white,
male and highly educated (Edwards et al, 2018). This means that evaluation and
understanding of the learning experiences of participants has not, thus far, been strongly
developed to account for the unique experiences of young people participating as part of
their formal education. Makuch and Aczel (2018) suggest that designing citizen science
projects for and with children can help to make projects more inclusive for a wider range of
people with diverse backgrounds. Also important in research and evaluation of citizen
science projects is the use of tools and approaches that are relevant and accessible to
young people, as my project does. It is hoped that this may yield insights not found
elsewhere in the existing body of research.

Citizen science and education

Mueller, Tippins and Bryan (2012) consider the potential influence that citizen science can
have on young people in schools and in their communities. They suggest that citizen
science, as experienced in its most common, contributory form does not do enough to
challenge the positivist traditions of scientific enquiry. They go so far as to suggest “teaching
about rather than engaging in is a widely known problem in schools, and citizen science
offers very little that the textbooks or teacher lectures do not already disguise” (Mueller,
Tippins and Bryan, 2012, p. 3). Cooper (2012) responds suggesting that the typology that
Mueller et al (2012) describe is only one approach to citizen science and that co-created and
collaborative approaches (Bonney et al, 2009) enable students to contribute to more of the
decision making involved in a project in a meaningful way. Gray et al (2012), also in
response to Mueller et al (2012), describe the experience of students involved in a co-
created citizen science project. They suggest that for a truly co-created project to be
possible, both the scientists and educators need to adjust their traditional ways of working.
For educators this may mean embracing uncertainty and for the scientists, giving up some
control of the research protocols. The authors reflect on the challenges of achieving this in
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their project, suggesting that in order to authentically co-construct scientific inquiry in the
classroom, extensive resources and support are needed and the experience ran “counter to
the currently dominant expectations” (Gray et al, 2012, p. 5) of both the education and

citizen science communities.

Weinstein (2012), in response to Mueller, Tippins and Bryan (2012) suggests that both the
education community and the science communities share a ‘problematic lack of democracy’
which most citizen science approaches do not challenge. Calabrese Barton (2012) extends
this argument, suggesting that place is missing from the conception that Mueller, Tippins and
Bryan (2012) describe. She asserts that rooting citizen science firmly in the local community
has the effect of engaging young people with knowledge that is relevant to the wider “social,
economic, and political dimensions that are inherent in science” (Calabrese Barton, 2012, p.
4).

The meaning of the data collected in citizen science projects may have very different
meanings to the education and natural science communities (Mueller, Tippins and Bryan,
2012). By way of example, Radhakrishna et al (2017) describe the challenges of initiating a
citizen science project in rural India. They, in part, attribute the culture of a hierarchical and
results-driven education system to the difficulties in implementing and measuring the impact
of their project. Druschke and Seltzer (2011) candidly describe the failures in a citizen
science project from the perspective of the scientists involved. Despite generating the data
required, the participants did not demonstrate the changes in knowledge or attitudes that the
researchers had hoped. In advocating for greater consideration of the needs and desires of
the participants, the authors hope this will improve the impact of future citizen science
projects. Gray et al (2012) suggests that the role of teachers as communicators, rather than
generators of scientific content and knowledge results in a reliance on ‘professional’
scientists. In relation to citizen science projects, this perception limits the potential for

teachers, and their students to create and contribute to scientific enquiry.

Calabrese Barton (2012), also writing in response to Mueller, Tippins and Bryan (2012),
discusses the idea that citizen science has not traditionally been about the democratisation
of science, instead it is about mobilising large numbers of people to ‘get more work done’.
She suggests that this links more effectively to the capitalist goals of science as
technological advancement than any democratic intent. Cooper (2012) identifies two areas
of challenge in drawing conclusions about the impact of citizen science on learning
outcomes. Firstly, a lack of published studies. Cooper suggests that studies may be only put
forward for publication where positive results can be reported, limiting true conclusions from

being drawn. Secondly, she suggests that many of the participants of citizen science
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projects have high initial knowledge or skill level, which results in low or no change in these
as a direct result of the project. This research contributes to this field by exploring the
embodied and relational experiences of the pupils participating in the citizen science
projects, and by demonstrating the factors involved in identifying emerging eco-citizenship

capabilities for the pupils.
Typologies of citizen science

Shirk et al (2012) (fig. 1) describe the different ways in which the public can be involved in
citizen science, suggesting five typologies of public participation in scientific research
(described also in Bonney et al, 2009); contractual, contributory, collaborative, co-created
and collegial. These typologies exemplify the level of involvement of the participants in the
research process and the relevance of the research to particular groups or individuals
(Reisch, 2015). The emphasis on participant experiences allows a citizen science project to
be influenced by the desired outcomes through a deliberate project design approach, which
can be particularly useful in complex conservation projects where there may be tension
between the different interested parties (Shirk et al, 2012). The connection between the
typologies and the participation model is suggested as a descriptive tool to highlight the
nature of inputs and outcomes in citizen science projects. The authors recognise that there
will be variation within as well as across the participation types that they have defined, this is
particularly relevant when considering the participation of school pupils in citizen science

projects.

Table 1. How public participants interact with scientists
through public participation in scientific research (PPSR)

Public action in ~ Members of the public...
each PPSR

model

Contract ... ask scientists to conduct a scientific investigation
and report on results

Contribute ... are asked by scientists to collect and contribute data
and/or samples

Collaborate ... assist scientists in developing a study and collecting
and analyzing data for shared research goals

Co-create ... develop a study and work with input from scientists
to address a question of interest or an issue of concern

Colleagues ... independently conduct research that advances

knowledge in a scientific discipline

Figure 1: Shirk et al (2012) Typologies of public participation in scientific research (PPSR)
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Wiggins and Crowston (2011) suggest that the participatory model of citizen science
typologies, whilst useful, does not accurately reflect the organisational and structural
differences between projects. They suggest a series of typologies that include; action
oriented citizen science, where projects are planned by citizens to advance a local agenda,
conservation projects which support ecological and conservation based agendas, often
highly focused on ‘place’, investigation projects are singularly focused on data collection
from a physical location, virtual projects are those which take place entirely online, and
finally education based projects where learning and educational outcomes are the primary

goal of the project.

Haklay (2018) argues that participation in citizen science is complex and suggests that
existing models do not fully articulate this complexity. He argues that more deeply
understanding participation will lead to better citizen science experiences for projects and
participants. The ‘educational’ typology of Wiggins and Crowston (2011) is useful in that it
acknowledges the particular needs of education-focused citizen science, however as Reisch
(2015) suggests, the boundaries between the typologies are not fixed. Wiggins and
Crowston (2011) found that in projects that they classified as ‘educational’ there were more
data analysis opportunities and there was more emphasis on critical thinking skills than in
other types of projects. However, school pupils may participate in collaborative or
contributory citizen science projects that are not developed specifically with the needs of
schools and school pupils in mind and may participate in ways that are significantly different
from the typical adult volunteer participant. Understanding the different ways in which
schools, pupils and citizen science projects interact with each other will enable best

practices from both perspectives to be identified.

Young people in the citizen science literature

Ballard et al (2016) found that in two US based programs, young people were supported in
developing environmental and scientific capacities. This involved the young people
identifying and developing skills and knowledge in an authentic, environmental science
context. The authors suggest that by providing long term, regular and authentic
environmental science experiences, the citizen science programmes involved provided
young people with a way to positively engage with a conservation issue. They acknowledged
that not all the young people involved developed the skills and capacities described,
suggesting that further research is needed in understanding how and why such
developments take place, or do not within citizen science projects. This research goes some
way to responding to this research need.
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Lorke et al (2021) observed young people (n=81) involved in citizen science ‘BioBlitz’
activities in the UK and the US, in order to determine the activities that young participants
actually engage in as part of the experience. The team identified five different types of
engagement, exploring, observing, identifying organisms, documenting and recording. Of
these, the engagement type most deeply connected to the intentions of citizen science to
contribute to developing environmental monitoring and knowledge, ‘recording’, was found to
be the least prevalent in their sample. The authors suggest that this highlights the need for
improvements in the design of citizen science programmes for young participants. The
participants in the Lorke et al (2021) study were engaged in citizen science via informal
routes, generally through museum education programmes. The findings are relevant to
formal education settings, however, as the recommendation to consider ways to fully engage
young participants in all aspects of a citizen science project is one to reflect on for school-

based citizen science practitioners.

As further explored later in my literature review, Roche et al (2020) describe the diverging
and often competing emphases between the citizen science and mainstream education
fields. They suggest that the goals of ‘scientific progress’ and ‘supporting learning’ may not
always align (ibid. p. 3). Issues around learning intentions, scientific communication and the
learning/data collection environment can all pose challenges for learners and citizen science
organisations to get the most out of citizen science experiences. The authors go on to
suggests that alongside these challenges lies the opportunity for citizen science practitioners
and teachers/learners to work together to develop authentic opportunities to take a
transformative approach to learning about, and acting for the environment. This would
enable “attending to learning and practicing science in ways that are more in tune with
learners’ motivations, with local places and in ways that are socio-culturally distributed

among all participants” (Roche et al, 2020, p. 7).

Learners in the citizen science literature

It has been suggested that Citizen Science could bring a number of opportunities that
schools could take advantage of to enhance the science learning that pupils are engaged in
(Jenkins, 2011). Pike and Dunne (2011) build on earlier assertions that a challenging
curriculum (Miller and Osborne, 1998) and lack of relevance (Roberts, 2002) is partly
responsible for persistently low levels of students taking science subjects into post-16
education in England. Based on a series of interviews with science and non-science
students, a key finding for the researchers was that science was not considered enjoyable
by most of the students in their sample. They go on to suggest that science engagement
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could be improved if science education involved “more discussion-based learning and
greater relevance to the everyday” (Pike and Dunne, 2011, p. 498). Jenkins (2011) responds
to Pike and Dunne (2011) by suggesting that using citizen science to connect pupils with real
scientific projects or scientific organisations may bring an authenticity that isn’t ordinarily
available in schools. The opportunity to engage in practical fieldwork tasks where the quality
of data collected is important to the project may serve to elevate the interest level in practical
tasks. Furthermore, Jenkins (2011) suggests that the nature of Citizen Science being related
to ‘real world concerns’ at a local or global scale may have an impact on connecting students
to the socio-scientific issues that affect themselves and their communities, serving to build

meaning and context into science learning.

Roy et al (2012) states that, in a semi-systematic literature review of citizen science projects
in the UK, 21% of their sampled projects were specifically targeted at school children (p. 22),
and that the inclusion of educational resources increases the ‘thoroughness’ of a project.
However, when considering the motivations involved or the impact of technology, schools
and school pupils were noticeably absent from consideration. As Martin (2017) discusses,
the most likely volunteers in science-led citizen science projects are those with higher-than-
average educational qualifications. This is in direct contrast to the school pupils who have
yet to achieve these qualifications and could generally be considered non-scientists. There is
a challenge for those involved in citizen science projects to consider a wider range of
participants in the way they encourage and support their progression. This may lead to more
diverse adult volunteer participation as a different range of values are considered in relation

to project data and experiences.

In literature on school-based citizen science, there are many studies which consider a single
citizen science project, examining the impact of the experience on the young people
involved. Hiller and Kitsantas (2014) for example, uses a quasi-experimental approach to
understand the impact of a Horseshoe crab citizen science programme on the self-efficacy,
science interest and content knowledge of middle school pupils. The authors found that the
pupils who had experienced the citizen science activities has higher levels of achievement
than pupils who had not, furthermore, they proposed that the career goals of some pupils
had been influenced by the experience. Paige et al (2010) and Patterson (2012) reported
increased engagement from pupils involved in citizen science experiences focusing on
magpies and mountain lions respectively. Patterson (2012) suggesting that “years from now,
these students will still remember hiding the cameras, reviewing wildlife photos and sharing

” »

their research findings like “real scientists”.” (ibid. p. 44). This research will contribute to the

growing body of research which looks in depth at the experiences of young people involved
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in environmental citizen science projects. Edwards et al (2018) suggest that there is a need
for more research utilising ethnographic approaches to understand how participants learn,
rather than relying on self-report via surveys. Drawing the experiences of pupils involved in
different environmental citizen science projects together, as my research does, builds on this
body of research to more deeply understand the experiences, opportunities and challenges
of projects in different contexts for the young people involved.

Geoghegan et al (2016) undertook a literature review, a survey of ECS volunteers and
interviews with citizen science stakeholders. Their report identified the dominance of
altruistic motivations, e.qg., ‘to help wildlife,” in encouraging participants to engage with citizen
science projects, however, enthusiasm and enjoyment were highlighted as consistently
important to the participants. They also suggest that there is a potential gap in the existing
literature that could consider more deeply the emotional dimensions of citizen science
participation. Education is identified as a significant motivational factor in encouraging
scientists to adopt a citizen science approach to their research. An emphasis may be on
education about a particular topic, but the authors also reflect on the importance of
education relating to the scientific process or scientific literacy (Geoghegan et al, 2016).
Harlin et al (2018) describes the importance of balancing educational and scientific goals in
citizen science projects involving school pupils. Aligning to specific school curricula can
make a project more attractive to teachers and ease workload concerns, however, the

application of this across national and international contexts can be practically challenging.

Edwards et al (2018) suggest that the educational value and participant learning outcomes
of citizen science project participation is an area that is in need of further research attention.
Harlin et al (2018) propose that citizen science when incorporated into formal education can
bring three key opportunities; firstly, an opportunity to learn scientific and disciplinary
knowledge, secondly, the chance to positively influence perceptions of science and thirdly, to
motivate and engage patrticipants. In my research, understanding the conditions in which
these transformative and motivational experiences can take place, and the situational factors

that influence them will contribute to this important area of research.

Blaney et al (2016) undertook a cost-benefit analysis of citizen science in the UK. Their
report took a literature review and case study approach to identifying the gaps and
opportunities that citizen science offers to potential end users, e.g., government
departments, agencies and public bodies. However, they also identified some benefits to the
volunteers (e.g., engagement with scientific research and increased education, health
benefits and connection to nature) and wider society (e.g., increased environmental

awareness, increased scientific knowledge and improved environment). The authors suggest
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that further research should be undertaken into understanding the link between citizen
science participation and the wider societal benefits from an individual and community
perspective. The report makes no mention of schools or young people’s involvement in
citizen science projects. This report was intended to contribute to environmental policy,
therefore the absence of young people’s perspectives is an example of the need to more
fully understand the role and experiences of young people and school pupils in citizen

science research.

If schools and citizen science organisations are to achieve the benefits that have thus far
been suggested, how might they do this? Yoho and Vanmali (2016) suggest that citizen
science can be a valuable pedagogical tool in dealing with controversial topics in biology,
suggesting that the data contribution to research as an ‘additional benefit’. Teachers have a
range of challenges in terms of time and resources available to implement new programmes,
as such, ensuring that citizen science projects ‘work’ is crucial to engagement with school
settings. Harlin et al (2018) suggest three ways that citizen science projects can be utilised

within formal school settings:
Type 1: Adoption and adaptation of an existing programme
Type 2: Autonomous local development
Type 3: Local partnerships between scientists and teachers
(Harlin et al, 2018, p. 414)

The cases examined in this research represent the type 1 and 3 projects. The MICCI and
SLF projects contain a mixture of type 1 and 3, while the OPAL project represents type 1.
Harlin et al (2018) suggest that “further research is needed to evaluate the outcomes and
challenges of each of these types of citizen science projects in schools” (ibid. p. 417). This
supports assertions by Bela et al (2016), who reviewed citizen science literature from across
Europe and suggest that transformational impacts for learners are often reported on the
basis of assumptions rather than observation and that there is a need for “reliable and
transparent measurement of transformative effects” (ibid. p. 998). My research, in exploring
the experiences of school pupils engaged in different citizen science projects, contributes to

meeting this need for further research in this area.

In utilising citizen science to influence or meet local, national and European policy
objectives, there is a need to represent the experience of more current participants, and of

potential future participants with rigorous and reflective evidence rather than assumptions. A
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deeper understanding of the experiences of young people in formal education settings

contributes to this research need.

Young people in contemporary citizen science literature

Herodotou et al (2022) suggests that there remains a limited understanding of the
participation of young people in community and citizen science, in particular in identifying
who participates and how their engagement is facilitated. Dunkley (2022) echoes this,
suggesting that the benefits for young people, individuals and communities, of engagement
in ecological citizen science are lacking in academic literature. Garcia-Holgado et al (2020)
highlight that emerging technologies have been vital in the expansion of citizen science.
Aristeidou et al (2021) describe the contributions of young people following ‘Bioblitz’

engagement with the online ‘iNaturalist’ (www.inaturalist.org) platform, suggesting that the

contributions of young people to such platforms is underrepresented in citizen science
research. My research contributes to this growing body of research by reflecting some of the

diverse ways that school pupils can engage with citizen science projects.

Weisberg et al (2023) is an example of a single citizen science project operating across
multiple school communities. Along with single projects in single schools, this remains a
particularly common type of research in relation to citizen science in school experiences.
Other examples include Prendergast et al (2022) and their ‘Pollinators in the Playground’
project and Frigerio et al's (2019) reflections on a project involving primary school pupils in
monitoring the endangered northern bald ibis. Weisberg et al (2023) found that there were
limitations to the involvement of the students in all aspects of the scientific process, for
example, the collected data was analysed by the research team rather than the students due
to lack of familiarity with the analytical tools. However, the project found that the students
demonstrated increased awareness about sea-lions and were highly engaged in the
process. A study by Herodotou et al (2022) took a mixed methods approach to an
exploration of the learning outcomes identified by young participants (11 — 19 years old) in
online Zooniverse citizen science projects. Their findings suggest that “enhanced
knowledge, development of science-related skills and competencies, and opportunities for
enacting science agency” (ibid. p. 15) can be identified as benefits of participation. However,
Williams et al (2021) suggest that, in line with Bela et al (2016) that citizen science projects
are at risk of tending towards an “optimistic view of the positive effects” (Bela et al, 2016, p.
997). Williams et al (2021)’s findings evaluating a classroom-based citizen science project
suggested that while content knowledge improved, expectations around increased science
identity and nature connectedness were not met. These contrasting findings suggest that
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there is a need to more deeply understand the experiences of pupil participants during the
citizen science event to identify how such outcomes are achieved (or not). This research’s
exploration of the experience of pupils engaged in different citizen science projects in

different school contexts intends to contribute to this meeting this gap in current literature.

In considering the mechanisms of citizen science participation, Garcia-Holgado et al (2020)
highlight that in research focused on children and young people’s engagement in citizen
science projects, in general, the children are not involved in identifying or setting the
research intentions and do not get a choice in the activities they undertake. Furthermore,
Constant and Hughes (2023) identified a lack of awareness of citizen science projects, and
the cost of participation (e.g. travel and unpaid time) as barriers to young people
participating in citizen science projects. Engagement in such projects during time in school
has the potential to raise awareness of the existence of citizen science as a route to
environmental participation for young people, and also to reduce some practical barriers as
these are supported by the school. This study looks to demonstrate the utility of citizen
science in school settings as a mechanism of facilitating eco-citizenship capabilities in young

participants.

Dunkley (2023) takes a relational approach to a citizen science project, drawing particular
attention to the “ecological kin-making practices” (ibid. p. 13). The participants in her study
are adults however, and there remains the opportunity to engage with similar relational
approaches with young participants in ecological citizen science projects. Furthermore,
Sharma et al (2019) observe that engagement in an online citizen science project
‘BeeWatch’ has the potential to facilitate “close human interaction with observable species
(ibid. p. 19) which can change perspectives on human-nature relationships. Again, that
particular research involved voluntary, adult participants. My research looks to engage with
relational interactions of humans-nature in relation to school pupils as they experience

citizen science activities.

Measuring the impact of citizen science experiences

This section will consider the existing theoretical models that attempt to describe
environmental action and pro-environmental behaviour, the models will be summarised and
critiqgued in relation to their ability to relate to the educational experience of school pupils.
Following this, existing theoretical models of citizen science will be considered and
examined, their relevance to school-based citizen science will be considered and the

existing gap in research identified.
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Modelling environmental action and pro-environmental behaviours

In developing their model of environmental action (fig. 2), Schusler et al (2009) draw on
Emmons (1997) to describe environmental action as an intentional attempt to achieve a
particular environmental outcome. Both scientific knowledge and civic engagement are
utilised to inform and evaluate the action and whilst in an ideal situation, participation in
environmental action would enable participants to define and analyse the issue in question
before developing or enacting solutions, it is recognised that in practice participants may be
only partially involved in aspects of the action. They also highlight that many forms of action
may be present throughout a project, for example natural habitat surveying or community
food growth. In their model, Schusler et al (2009) suggest that short term participation in a
local environmental action will result in positive environmental and community change, the
process of creating this change has the result of developing the learners’ capacity as citizens
in a democratic society. As such this encourages further and longer-term participation in

actions which will transform their environment and their communities.
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Figure 2: Schusler et al (2009) Model of Environmental Action

There is an assumption in this approach that the environmental action will result in a positive
environmental or community change, however there is no certainty that the environmental
action that is enacted will indeed have a positive result. Consideration needs to be given to
the impact of a negative or a neutral impact of an environmental action. An example the

authors give of an environmental action is the sustainable growth of food for a community,
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the possibility of crop failures due to adverse weather, incorrect care or vandalism are all
persistent challenges for food growers, particularly inexperienced growers. As such, if there
is a negative or neutral outcome of the action, does this model suggest that a negative or
neutral feedback loop will then be enacted, resulting in a lack of commitment to longer term
democratic participation? Due to the complex and challenging nature of environmental
action, in particular those environmental actions involving young people in a non-voluntary
school setting, this would be a desperate situation indeed. In developing the model, Schusler
et al (2009) draw on the action competence approach proposed by Jensen and Schnack
(2006). This approach outlines the development of a participants’ ability to critically assess a
situation and act upon that assessment. If this approach is taken to the model, then a
negative or neutral outcome may develop further capacity and resilience in the participants,
which is a positive outcome for them, but not specifically for the environment or the
community in the short term. A further challenge of this model that Schusler et al (2009)
identify is that there is limited scope to understand the educational practices that would
facilitate this type of positive feedback from local environmental action to global democratic
participation. This is an area that is identified by the authors as a research gap and one
which understanding the particular practices around citizen science and its impacts on

citizenship learning may be able to contribute to.

In 2002, Kollmuss and Agyeman suggested that the factors that influence whether or not an
individual engages in pro-environmental behaviours can be complex and affected by factors
external (e.g., institutional) and internal (e.g., emotions) to the person. Early models of pro-
environmental behaviour suggested a linear relationship between environmental knowledge,
attitudes and behaviour which in reality is much more complex (Kollmuss and Agyeman,
2002). Influenced by earlier works by Hungerford and Volk (1990), Hines et al (1986-87) and
Blake (1999) Kollmuss and Agyeman (2002) propose a model which attempts to integrate
the wide range of factors influencing pro-environmental behaviours and outlines some of the

key barriers to engaging in this (fig. 3).
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Figure 3: Kollmuss and Agyeman (2002) Model of Pro-Environmental Behaviour

Courtenay-Hall and Rogers (2002) suggest that despite Kollmuss and Agyeman’s (2002)
assertion that the intention of their model is to help environmental educators, there are some
problematic education-related omissions in their approach. Kollimuss and Agyeman’s use of
the term “pro-environmental behaviours” as the main aim of environmental education is
suggestive of a behaviourist approach to education which does not consider or reflect upon
the critical thinking or action competences that are referenced elsewhere in the
environmental education literature (Jensen and Schnack (2006) for example). Coupled with
the lack of reference to teachers and teacher-led research in their paper, Courtenay-Hall and
Rogers (2002) suggest that this diminishes the importance of practical knowledge that could
be used to more deeply understand the ways in which environmental education is
experienced. Kollmuss and Agyeman (2002) define pro-environmental behaviours in two
categories; direct, for example, driving less or recycling; and indirect, for example, political
activities or environmental writing. The distinction between these categories, and the
importance placed by the authors on the direct form of behaviour as the desired outcome of
environmental education is felt to limit the potential to develop students’ citizenship
opportunities. Encouraging them to be involved in the resolution of environmental issues on
a national and international scale as well as the local and personal level may change the
nature of their relationship with the environment and society (Courtenay-Hall and Rogers,
2002).

Citizen science represents an approach that has the potential to address the challenges

raised by Courtenay-Hall and Rogers (2002) as Turrini et al (2018) suggest citizen science
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has the potential to “generate new knowledge, enhance awareness raising and facilitate in-
depth learning as well as enable civic participation”. Tommey and Domroese (2013) combine
the ideas proposed by Kollmuss and Agyeman (2002) with a behavioural feedback model to
propose a way that citizen science can become the entry point to a “virtuous cycle of
attitudes, intentions to act, and behaviors working together for conservation outcomes”. This
thinking echoes the ideas of Schusler et al (2009) positive feedback loop, suggesting that
the small positive experiences that are facilitated by citizen science projects may contribute
to engaging in positive conservation actions (Tommey and Domroese, 2013). Tommey and
Domroese (2013) acknowledge that the impacts their model is based on are the perceived
impacts from the perspective of participants, rather than objectively measured impacts, and
as such there is room for research to more deeply understand the extent of the difference
between these two positions and the implication of this for understanding the impact of

citizen science.

Measuring impact in citizen science

Understanding the experience of engaging (or not) in an environmental citizen science
project as part of formal secondary school experience involves not only the reflective
consideration and discussion offered by the evaluation tools utilised by many existing studies
(Philips et al, 2018; Aristeidou and Herodotou, 2020), but also a relational, situational
approach as exemplified by Dunkley (2018) in which narrative interviews were undertaken
with participants, however those participants were adult volunteers. As pupils engaged in
environmental citizen science in secondary schools undertake the experience in a different
way to the majority of (older, voluntary) participants (Harlin et al, 2018), it is important that
research adequately reflects that experience to more fully articulate any learner or learning
impacts that may be made. In order to do this direct observation of the young people as they
go through the experience is crucial. The observations in this research attend not only to the
content and structure of the activity, but also to the emotional and sensory experiences that

the pupils can be observed to have in outdoor spaces away from the classroom.

Suave (2009) suggests that environmental education is forged in our relation to the
environment, and that it is at this interface of social and ecological relations that
environmental citizenship can be developed. This research looks to notice and identify those
relational experiences that pupils have and explore the potential of them to lead to
environmental citizenship related capabilities. As Keleman-Finan (2019) suggest, while there
is an increase in the demand for evaluation tools such as Phillips et al (2018) that enable
evaluation of a range of learning-based indicators, actual evaluation of the experiences of
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young people engaged in citizen science remains low. They also noted that in their study,
citizen science projects with primary schools were more effective than those with secondary
schools, suggesting a greater degree of autonomy over subject choice as a possible
explanation for this. The participants in my research are all from within the secondary sector,
this is in an attempt to more fully illuminate the unique opportunities and challenges for this

educational stage in implementing citizen science experiences with and for pupils.

Bela et al (2016) highlight that there is an emphasis within the existing literature on citizen
science and learning on the measurement of simple, factual and instrumental knowledge.
The assessment of more complex learning, both for individuals and communities is less
commonly included in project evaluations and research outputs. This echoes reflections from
environmental education literature which suggests that more complex and difficult to identify
concepts such as affective and attitudinal responses are less well represented in the
research literature (e.g., Brossard et al, 2005). My research contributes to this gap, explicitly
identifying the sensory and affective responses pupils make to the citizen science

experience.
Modelling participant outcomes in citizen science

In attempting to model the participant outcomes of public participation in scientific research
projects, Phillips et al (2012) and Shirk et al (2012) describe the outcomes in the form of a
project-based logic model (fig. 4 and 5). Phillips et al’'s (2012) model describes the linear
stages of the project from inputs to outcomes and impact, outlining the elements that
contribute to these, for example, participant time as an input, increased engagement as an
outcome and enhanced scientific and civic literacy, along with improved environmental

conditions as impacts.
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Figure 5: Shirk et al (2012) Model of Participant Outcomes in PPSR

Shirk et al (2012) bring some of these project specific elements together to develop a more
generic model, where the public and scientific interests input to identify the issue in question,
the outcomes categorised in terms of science, social-ecological systems and individuals, and
the impacts as conservation, reliance and sustainability. The differences in emphasis
between these two very similar models are an example of the different ways in which citizen
science is viewed, with Philips et al’s (2012) model showing a very science centric
perspective on citizen science, with the project flowing in a consistent positive direction from
inputs to impact, while Shirk et al (2012) emphasises the potential for a wider impact on

society and the environment and recognises the feedback opportunities of outcomes feeding
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into further questions. Both of these models assume that the act of participating in the study
will result in identifiable citizenship-related outcomes. However, the activities and outputs
identified in both models are predominantly scientific, with the emphasis on data collection
and experiences with the science research process (Phillips et al, 2012) and project
management, observations and experiences (Shirk et al, 2012). Only in Phillips et al (2012)
is there mention of sharing and acting upon results and experiences in an environmental

context which provide some insight into how these citizenship outcomes may be enabled.

Philips et al (2018) conducted an extensive literature review and survey of citizen science
projects to understand the learning outcomes measured in citizen science projects, they
compared these to the ISE framework and reconceptualised and clarified some of the

categories, creating a new more citizen science specific set of outcomes. These include;

¢ Interest in Science and the Environment

o Self-efficacy for Science and the Environment
e Motivation for Science and the Environment

¢ Knowledge of the Nature of Science

e Skills of Science Inquiry

e Behavior and Stewardship
(Philips et al, 2018, p. 7)

The intention of this framework is to assist citizen science projects in identifying the desired
learning outcomes of their project and to develop resources and evaluation materials
appropriately. The authors note that the mechanisms of understanding how the learning
happens in citizen science projects is an area that is missing from current research and they
suggest that social theories of learning may be appropriate as they emphasise the influence
of participation in social activities on learning (Roth and Lee, 2002). Philips et al (2018)
suggest that “Behavior change and development of environmental stewardship” (ibid. p. 10)
are among the most sought-after outcomes in science and environmental education
programs, both in and out of school. As Drissner et al (2010) discuss however, in any short-
term environmental experience, the opportunities to impact upon or change behaviour are
limited. The curricular context of the citizen science activity imposes a restriction on the
length, regularity and repeatability of the experience for the pupils. As such, understanding
the nature of the citizen science experience, in particular in relation to the restrictions
imposed by the formal school setting, is crucial in evidencing any potential impact of the

experience on pupils’ eco-citizenship related dispositions.
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In summary, the growing body of literature on learners and learning in environmental citizen
science suggests that while outcome measures and impact assessment approaches
predominate, there is a need for research that more deeply understands the processes and
experiences for the pupils involved. My emphasis on the sensory, affective and relational
experiences of pupils, their teachers and the scientists involved contributes to this important
area of research need.

Section 2: Education and environmental citizenship

The concept of the citizen is fundamental in Curriculum for Excellence, the Scottish
curricular framework (Scottish Executive, 2004). One of the four capacities that are the
cornerstone of the curriculum is for pupils to become ‘responsible citizens.” This capacity
largely falls into what Kiwan (2007) would describe as the participatory model of citizenship,
where there is an expectation of active participation in community and democratic decision
making. Biesta (2008) makes the point that citizenship when defined as a competence,
suggests that it is something that people can achieve, rather than citizenship as a practice,
or a thing that people do. This capacity is explicitly identified in the Scottish curriculum as the
ability to ‘evaluate environmental, scientific and technological issues’ (Scottish Executive,
2004). Vesterinen et al (2016) suggest that “science education is now often seen as part of
wider citizenship and sustainability education” (ibid. p.30) and that there is a research gap
considering the perspective of pupils in relation to the contribution of science learning to

citizenship education.

There are a range of terms within environmental education that express ways of knowing
about and responding to the environment. Environmental literacy for example is defined by
Disinger and Roth (1992) as the ability to assess the health of the environment and take
action to resolve any problems within it. However, Stables and Bishop (2001) argue that this
functional approach to literacy represents a narrow or weak conception of environmental
literacy which does not account for the different interpretations of environmental challenges.
Sustainability literacy is described by Stibbe and Luna (2009) as the ability to act on
sustainability knowledge, echoing a functional approach but broadening the conception to
include social and economic aspects alongside the environment. Barry (2006) suggests that
environmental citizenship should be superseded by the term sustainability citizenship, also
reflecting that the narrow perspective that focusing solely on the environment may have
rather than considering the social, cultural and economic elements that come together with
environment to facilitate a more sustainable relationship with the planet and its resources.

An alternative conception described by Olsson et al (2016) is sustainability consciousness

51



where the relationship between knowledge, attitudes and behaviours are considered as

interrelated rather than as separate conceptions in the complexity of sustainability issues.

| have chosen to use environmental or eco-citizenship as a key component of the
terminology in this research to reflect firstly, the environmental or ecological focus of the
citizen science activities that the pupils will be involved in, and secondly the nature of the
‘citizen’ as an active participant in environmental education. Pallett (2017) suggests that “In
the case of environmental citizenship, the primary focus is on regulating and reducing the
environmental impacts of individual actions” (Pallett, 2017, p. 2). However, Schindel Dimick
(2015) cautions against taking an individualistic approach to environmental citizenship. She
suggests that young people must be encouraged to develop both critical and caring
dispositions in order to successfully participate in the global political communities that will be
crucial in attaining a common global perspective on environmental concerns. Hobson (2013)
suggests that environmental citizenship is a commitment rather than an established state
and one which the contextual factors surrounding the individual strongly influence that level

of commitment. Dobson (2007) goes so far as to say;

There is no determinate thing called ‘environmental citizenship’, but in the broadest
possible compass such citizenship will/can/may surely have something to do with

the relationship between individuals and the common good.
(Dobson, 2007, p. 280)

Dedeoglru and Ekmekcioglu (2020) “argue that citizenship must have, first and foremost, an
eco-centric value basis” (ibid. p. 5). Engaging young people in citizenship actions, through
their experience of citizen science in school, as | explore in this research, has the potential to
position the environment as a part of citizenship education in a way that is a little different
from the democracy or rights-based programmes that young people more commonly

experience in school.

Adamou et al (2021) conducted a systematic literature review which sought to ask if citizen
science participation could lead to environmental citizenship outcomes, in particular,
competencies and actions. The authors found that there was a positive association between
citizen science experiences and environmental citizenship knowledge and skills, however,
that the relationship with decision-making and argumentation skills and action-based
competencies, was less secure. They suggest that designing citizen science with explicit
‘action-orientations’ will provide a way to use citizen science as a mechanism for

environmental citizenship more effectively. My research contributes to an understanding of

52



when and how citizen science can be effective in developing environmental citizenship in

young people.

Dobson’s (2007) description of environmental or ecological citizenship is one which is “both
international and intergenerational” (ibid. p. 282). Huttunen et al (2020) also suggest that
much contemporary theorisation of environmental citizenship rejects the notion of national
borders and boundaries. They suggest that this is because “the causes and impacts of
ecological degradation are global” (Huttunen et al, 2020, p. 200). For young people, the
scale of environmental citizenship in these conceptions has the potential to be intimidating
and overwhelming. Huttunen et al (2020) describe environmental citizenship as experienced
in what the authors term ‘relational space’ or the “networks and relations that evolve beyond
the actual local qualities of the place” (ibid. p. 202). They suggest that in these spaces, it is
possible to identify environmental citizenship through emerging and diverse actions, rather
than the rights and responsibilities evoked in the more socio-legal framings. This description
echoes the features of the feminist perspective (Lister, 1997) and the lived (green)
citizenship dimensions of Kallio, Wood and Halki (2020). My research explores the local and
situated experience that the pupils have and their potential to connect to wider, global

environmental concerns.

Huttunen et al (2020) describe the conflicting perspectives of including non-human nature in
theories of citizenship. The lack of clear, undisputed boundary between humans and the
materiality of nature and environment as expressed in post-human and assemblage
ontologies (for example, Delueze and Guattari, 2004, Ingold, 2000, Haraway, 2016) brings
with it questions of agency and responsibility in relation to citizenship ‘status’. When
responsibility is considered a core component of citizenship, the entanglements of human-
non-human entities that are ‘responsible’ for environmental issues and ecological damage
become problematic in proposing solutions and reparations. My research employs new-

materialist orientations to contribute to this growing debate.

Children’s environmental citizenship

Children have a different perspective to adults in relation to ‘citizenship’ and ‘environment’.
The consideration of citizenship from a legal, rights-based approach does not account for the
ways in which children act within and belong to communities and their environment.

Hayward (2012) suggests that while children experience ecology and environment in a fluid
and complex series of experiences, the adult framing and language used to describe

environment and ecology is contrary to this and emphasises the distinction between the
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human and non-human world. Lister (2007) describes a relational understanding of
citizenship, which is defined by a ‘sense of belonging’. She suggests that this is particularly
relevant in exploring how children experience citizenship. Feeling respected and able to
participate in a community such as a school or local community are a key part of this
conception. Larkins (2014) suggests that home, school and local areas are typically the
‘relational spaces’ in which children’s citizenship is enacted. It is in these spaces that it is
important to look for ways of understanding how children enact their citizenship. Hayward
(2012) suggests that “citizenship and environmental education too often fails to meet the
needs of a new generation” (ibid. p. 4) as a result of failing to consider the everyday ecology
of young people and does not give them the tools to understand and effect change in a
complex world. My research explores citizen science as one of these ‘tools’. Lister suggests
that “participation can promote responsibility” (Lister, 2007, p. 708). Participation in citizen
science experiences as an example of environmental action can give pupils a real
experience of participation as a citizen. However, given the constraints of the formal school
system within which the experience is nested, there is a need to more fully describe the

perspective of the pupils and understand the meanings that they make in the process.

Kallio, Wood and Hakli (2020) describe lived citizenship in a way that considers the effect of
citizenship in real life situations rather than the formal legal status of citizenship. This
conception is drawn from critical and feminist approaches (e.g., Lister, 2007) and places the
embodied experience and acts of citizenship in daily life at its core. It exposes the
experiences of traditionally excluded groups and is a particularly useful way of making visible
the challenges around young people and their role as citizens, in particular in relation to the

environment and environmental action.

Echoing Dobson’s (2007) description of environmental citizenship as international, Kallio,
Wood and Hakli (2020) suggest that a “lived citizenship approach enriches and deepens our
understandings of citizenship as experienced beyond the nation-state or territorial
boundaries.” (ibid. p. 3). Lived citizenship as a conception aligns broadly with
phenomenology, interactionism, existentialism and pragmatism, in particular the way in
which each of these ideas attempt to draw attention to the everyday, mundane, experiences
of people (Jacobsen, 2009). In bringing this consideration of alternative citizenships into my
research, it offers a way of accessing and describing citizenship in the mundane, informal
and domestic arenas, which are of particular relevance to young people in schools and

domestic settings.

Rethinking citizenship and environmental education is as essential as one part of supporting

future generations, “we cannot achieve sustainable human well-being and the flourishing of
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a non-human world without citizens who care about sustainability and who are supported
and able to act on their concerns” (Hayward, 2012, p. 5). Demonstrating understandable
cynicism about effective democracy in the current neo-liberal approach, Hayward (2012)
advocates that a political solution to the complex environmental challenge we are faced with
goes against the neo-liberal approach of encouraging market forces and individual
responsibility. Suggestions by William Ophlus (1977) that “we need less open democracy
and more green managerialism”, are given as evidence of frustration with existing
democratic pace. However, Hayward (2012) suggests that any success of authoritarian
approaches will not make up for the loss of freedom that is a core value of many (young)
people. Therefore, it is important to equate meaning and action, to empower young people
but also support them in the challenges that this power might bring. Feldman (2020)
describes the press responses to youth climate activists. Dismissed and diminished, young
people are described in deficit terms, as overly-emotional and unfamiliar with political
process. There is a need to provide young people with ways to demonstrate and effectively
participate in eco-citizenship actions without fear. Adamou et al (2021) suggests that citizen
science might provide a ‘springboard’ to eco-citizenship, strengthening ties between saociety,
nature and science. My research considers the extent to which involvement in a citizen
science project might provide that ‘springboard’ towards more public facing eco-citizenship

actions.

Citizenship, eco-citizenship and science learning

In secondary science, attending to issues of environmental concern are an important part of
learning and teaching. Gray and Bryce (2006) describe the challenges of a science
curriculum that must simultaneously attend to the needs of both future scientists and future
citizens. These challenges are particularly evident in relation to complex and conflicting
issues of environmental concern. The authors describe a traditional vision of science which
is objective, formulaic and dependent on isolating ‘variables’. This positions alternative
perspectives on scientific and worldly knowledge as ‘unscientific’ and in deficit. However, the
need to attend to complex socio-scientific issues requires a different approach. Drawing on
Funtowicz and Ravetz (1993) idea of post-normal science, Gray and Bryce (2006) suggest
that “there is a need to invite insights and suggestions from people with different sort of
scientific expertise or even none at all” (ibid. p. 178). My research considers authentic

participation in scientific research from the perspective of novice scientists in school settings.

Davies (2004) suggests that there are many connections between science and citizenship
education, and that, as such, potential for collaboration between educators of both. Bryce
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(2010) argues that ‘real science’ is a way of bringing together scientific enquiry with social,
political and ethical concerns, enabling pupils to explore and consider the nature of science
more meaningfully. Citizen science is one way in which these wider concerns can be
accessed within science learning, Jergensen and Jgrgensen (2020) suggest that “citizen
science projects should help their participants make connections between the data they
collect and larger environmental problems” (ibid. p. 3). My research looks to more fully
understand if indeed the experience of participating in a citizen science project does connect
learners to wider, global environmental issues, and if so, how is this experienced by the

pupils themselves.

Pedagogical approaches which look to align science and citizenship learning are found
within the humanistic and the environmental/sustainability spheres (Vesterinen et al, 2016).
These include socio-scientific enquiry, place-based approaches, and eco-justice actions.
The authors suggest that there is an expectation that a ‘scientifically literate’ citizen will be
able to contribute to personal or political decision making about scientifically related issues.
However, they also suggest that there is a research gap considering the perspective of
pupils in relation to the contribution of science learning to citizenship education (Vesterinen
et al, 2016). Jenkins (2011) suggests that for the many science students who will not go on
to be professional scientists, an inquiry-based approach to science learning in schools would
engage pupils in the humanistic aspects of science and enhance their appreciation and
understanding of scientific issues. She goes on to suggest that Citizen Science could be a

powerful way of integrating these humanistic elements into the traditional science curriculum.

Yacoubian (2018) attempts to “elucidate a vision of scientific literacy for democratic decision
making” (ibid. p. 308), highlighting that whilst science literacy is a common goal of many
science curricula and assessment, it is a contested term that is open to interpretation. Norris

and Phillips (2003) defined the components of scientific literacy as:
(1) knowing what counts as science and how science differs from nonscience,
(2) knowledge needed for participating in science-related social issues,
(3) knowing the risks and benefits of science, and
(4) being able to think critically about science.
Yacoubian 2018, pp 309

Norris and Phillips (2003) discuss the differences between scientific literacy as defined

above and a functional literacy that has its emphasis on reading and writing as tools to
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facilitate science. They suggest that educational attempts to increase science literacy focus
on the scientific knowledge in the form of facts or theories and do not attempt to address the
fundamental literacy that would encourage individuals to make interpretive connections to
scientific information. This is suggested as a crucial component of the ability to apply
scientific literacy to the scientific encounters of non-scientists in life beyond school. Mirowski
(2018) asserts that “science suffers a democracy deficit” (ibid. p. 175) suggesting that citizen
science has the potential to contribute to a restructuring of political power, “The more
outsiders are somehow folded into the scientific process in whatever capacity, the more that
the public will come to appreciate and support science and the better off democracy will
flourish” (Mirowski, 2018, p.177). This is supported by the findings of Queiruga-Dios et al
(2020) who report that a citizen science project in Spain (n=83) was observed to improve
that participants understanding of scientific processes and to contribute to attainment of the

Sustainable Development Goals (SDGs).

Levinson et al (2020) suggest that education for environmental citizenship in schools and
other educational settings can support young people acting for a sustainable environment.
They highlight the importance of young people, as citizens, building awareness of and
confidence in their ability to influence change at a range of scales. Hadjichambis and
Paraskeva-Hadjichambi (2020) present a model of Education for Environmental Citizenship
(EEC) (fig.6)
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Figure 6: Hadjichambis and Paraskeva-Hadjichambi, 2020, p. 240
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At the centre of the model lies the personal components that are needed to develop an
environmental citizen. Surrounding this is the need for environmental citizens to act as
‘agents of change’. This includes public participation and political actions, in addition to
educating peers and acting to promote change in society. The model describes
environmental citizenship as experienced at different scales, local, national, and global, and
also in different spheres, public, private, individual and collective. The combination of these
components leads to the outcomes of the model, achieving sustainability or solving
environmental problems, for example. The authors suggest that while ‘developing a healthy
relationship with nature’ is an outcome that is a major challenge for current generations, they
suggest that “empowering youth to develop healthy relationships with nature can function as
a treatment for the global environmental crisis” (Hadjichambis and Paraskeva-Hadjichambi,
2020, p. 244). The authors go on to suggest pedagogical approaches that they propose
could promote education for environmental citizenship which includes six stages; Inquiry,
Planning actions, Critical and active engagement and Civic participation, Networking and
Sharing in Scales (local, national, global), Sustain Environmental and Social Change, and
finally Evaluation and Reflection (Hadjichambis and Paraskeva-Hadjichambi, 2020, p. 250).
Used within this framework, environmental citizen science is a tool that could be effective in

achieving the outcomes set out in the EEC model.

Frameworks like that described by Hadjichambis and Paraskeva-Hadjichambi (2020)
emphasis the outcomes of environmental education without fully explicating how those
outcomes are materialised in practice. Edwards et al (2018) suggest that while the scientific
content acquisition of volunteers has been measured in many citizen science projects, there
has been less attention given to the understanding of wider outcomes. There is a need to
move to a measure that identifies and values the processes involved for young people
during their citizen science experiences. Environment citizenship involves not only mastery
of the scientific content of an issue, but also an analysis of the complex social and economic
challenges around the issue, alongside a critical thinking consideration of appropriate forms
of action. Acknowledging the lived experience of children and young people in relation to the
environment is a crucial step towards a deeper understanding of the how emerging
capabilities can be noticed. The decision-making capacities and individual power are less in
young people, in particular in formal education settings, however, citizen science as a
citizenship experience can be meaningful, enabling young people to act as citizens in the
now, not citizens of the future. As such this represents a much more complex outcome of a

citizen science project. Citizen science project involvement may offer pupils the opportunity
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to apply skills and knowledge from many aspects of their learning to a particular issue in a

way that classroom-based approaches are not able to achieve.

Hadjichambis and Reis (2020) suggest that environmental citizenship is rarely positioned at
the heart of many educational approaches that could benefit, including sustainability, science
and environmental education. Many authors choose to consider ‘environmental’, ‘ecological’
and ‘green’ citizenship to be interchangeable terms (e.g., Huttunen et al, 2020, Latta 2007),
Dobson (2003) however, argues that ecological citizenship offers a more holistic and
interconnected vision than environmental citizenship. Agreeing with Dobson (2003), my
research contributes to the field by positioning eco-citizenship at the heart of my
investigation into pupils’ experiences of citizen science. This leads me to the conclusion that
there is a need to explore citizen science as a lived eco-citizenship experience for young
people in formal schooling. What are the opportunities afforded by citizen science and how is

the curriculum refracted through the experience?

Conclusion to the literature review

In summary, the growing body of literature on learners and learning in environmental citizen
science suggests that while outcome measures and impact assessment approaches
predominate, there is a need for research that more deeply understands the processes and
experiences for the pupils involved. My emphasis on the cognitive, affective, sensory, and
relational experiences of pupils involved contributes to this important area of research need.
Drawing on the literature considered here on children’s environmental and ecological
citizenship, this study will explore citizen science as a lived eco-citizenship experience for
young people in formal schooling. By identifying eco-citizenship capabilities and the
conversion factors that may be stimulated by participating in citizen science project, | am
able to contribute to the need to understand how young people can act in a meaning-
focused way to the challenges of the Anthropocene. This literature review supports the need

for this study on the following grounds:

e A need to understand how to better engage and support young people, as citizens in
addressing environmental issues.

e A need to understand the role that environmental citizen science experiences, in
school settings, can play in supporting young people to address environmental
issues.

¢ A need to use different theoretical and empirical approaches to understand the lived

experiences of young people in the development of eco-citizenship capabilities.
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Following on from both sections of the literature review, the following research questions

have been identified to describe the processes involved for pupils in experiencing citizen

science activities in relation to eco-citizenship capabilities.
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RQ1: What contribution is made by fieldwork experiences in curriculum-based

environmental citizen science that supports eco-citizenship capabilities?

RQ2: What contribution is made by more-than-human encounters in environmental

citizen science to support eco-citizenship capabilities in young people?

RQ3: What conversion factors contribute to the development of eco-citizenship
capabilities in young people’s experience of environmental citizen science in

schools?



Chapter 3: Methodology and Method

This chapter outlines the methods used and theoretical lenses applied in my research.
Firstly, an overview of the research process outlines the substantive components as they
were implemented across my project. Each component is then separated out, highlighted on
the process flow diagram (e.g., fig 7) and described in detail. It should be noted that while
this is presented in a broadly chronological order, there was significant flow between the

stages.

Research overview

MICCI was the project which sparked my interest in environmental citizen science as a
phenomenon. As such, MICCI was identified as the first of the cases in my study. Initially
conceived as a comparative case study, OPAL was identified as a suitable comparison case.
I had experience of both cases and as a teacher felt that they offered different experiences
for the pupils involved. A third case was identified in association with one of my supervisors,
he was involved in a citizen science project that was sufficiently different from both MICCI

and OPAL to bring a relevant, third perspective to my investigation.

An initial sensitising concept, environmental or eco-citizenship was identified. | was
interested in the citizenship-related actions that were enabled in pupils as participants in the
citizen science projects. Time was of the essence as the annual nature of the MICCI project,
scheduled to coincide with National Science week, would only take place once or at most
twice during my data collection window. A pilot study was developed in which a series of
data collection approaches were tested alongside my understanding of eco-citizenship as a
concept. Reflections and revisions followed and a final set of four data collection approaches
were selected. The Capability Approach was introduced as an alternative theoretical

consideration to the concept of environmental action.

Situational Analysis was identified as the overall analytical approach for my research as its
attention to the complexity of a situation involving multiple stakeholders was particularly
relevant for considering the different components of citizen science projects. Additionally, its
explicit inclusion of the more-than-human was particularly appropriate in attending to pupil
experiences in fieldwork locations beyond the classroom. Situational Analysis involves four
types of maps; messy, relational, social worlds and positional. In my research, each type of
map was created in response to the data collected in relation to all three cases, however,

messy and relational maps were the most important to me throughout.
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Following the first stage of relational maps, which predominantly, though not solely, reflected
the participant observations and selected survey responses, | identified findings relating to
fieldwork learning and more-than-human encounters. However, while there were some
differences between the cases, the palpable, emerging eco-citizenship capabilities across all
cases became more important for me to understand, as such a return to theory and the data
was required. A second stage of relational maps re-turned (Barad, 2014) to these findings in
the light of a component of the Capability Approach, that of conversion factors, and the
conception of Lived (eco) Citizenship. This led to the final eco-citizenship capabilities

findings that mark the end point of this research project.

The following diagram (fig. 7) describes how these stages informed and reflected each other.
The remainder of this chapter will take each of these stages in turn and describe its role in

the progression of my research.

Sensitising Concept:
Eco-citizenship
Fieldwork learning Lived citizenship
findings dimensions

Pilot -
Social worlds map

Participant Observations

Fieldnotes - -

Messy maps Relastonalinaps Relag:nal;naps Positional map
Focus Group (Stage 1) (Stage 2)

Surveys
Interviews More-than-human
findings
Miccl | | OPAL SFL Eco-citizenship
capabilities
Capabilities Approach findings

Figure 7: Overview of my research process
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The cases
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Figure 8: Overview of my research process with the research cases emphasised

Case study research background

My research took a mixed methods case study approach to the phenomenon of
environmental citizenship outcomes as experienced in citizen science projects. Case study
research “has gained credibility as a research methodology in exploring complex
phenomenon based on the real context.” (Bhatta, 2018) | felt that as the environmental
citizenship outcomes and dispositions experienced by young people in formal education are
complex and context dependent, a case study approach would allow the complexities and

contexts to be attended to in a rigorous and reflective manner.

Stake (1995) suggests that there are three types of case study, the intrinsic case, where the
case in itself is the focus of interest. Secondly, the instrumental case, where a particular
element of the case is the focus of interest. Finally, a collective case study, where multiple
cases are studied to bring the area of interest into focus across a range of circumstances.
My study is representative of the final category, the collective case study. Comparison
across and between citizen science typologies was intended to enable the experiences for

pupils to be understood in relation to how and when they have been encountered.

Stake (1995) suggest two main data collection approaches, observation and interview. He

suggests that the observations should be directed by the area of interest, eco-citizenship
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capabilities in this case. Observations can be quantitative and qualitative in nature. In this
research, the orientation is predominantly qualitative, there are however a small number of
guantitative components included. These, in general, facilitate comparison between cases in
a clear and concise way. Stake (1995) asserts that while the case in question will not be
seen the same way by all involved, using interviews is a method of uncovering and
representing the multiple realities of the case. Interviews will be used in this study with both
the adults and the young people, however the manner of conducting the interviews will be
different in order to acknowledge the different understandings and articulations possible

between the different actors in each case.

The selection of the cases is critical to the success of a case study approach (Thomas,
2016). The cases in my research (fig. 8) were selected for their exemplification of specifically
different approaches to Citizen Science as defined by Riesch (2015), contributory and
collaborative. The cases also exemplify the opportunity of locally experienced environmental
citizen science projects to connect with global environmental issues, allowing me to

investigate the potential links that pupils are able to make during their experiences.

The first case took a broadly ‘collaborative’ approach, where the data collection location and
methods are developed with the assistance of a local scientist. This case, Moorland
Indicators of Climate Change (MICCI), included data collection and experimental analysis
techniques relating to the health of Heather Moorland. Pupils conducted research in the field
and worked with a scientist to process and analyse the data. The connection to global

climate change issues was explored throughout this particular case.

The second case, the use of an Open-Air Laboratories (OPAL) framework, fell into the
‘contributory’ model of citizen science, where participants gather data in a research
programme designed by scientists. Using OPAL tools, pupils collected and submitted data
on a range of environmental issues, including tree health and air quality. This case was
selected as the model is the most common form of environmental citizen science and the

high levels of variable control make it a popular approach for the scientific community.

The ‘Understanding Soil Fertility Legacies in Coigach-Assynt’ project is a further example of
a contributory citizen science project operating on a smaller scale than OPAL. The impact of
local relationships was a key aspect of this project. The project connected to wider global

issues around soil fertility and food production.

Case study methodology and SA are compatible in that they both look to understand the
depth and complexity of a particular ‘thing’. Thomas (2016) describes the definition of a

‘case’ in terms of a container, or as a ‘bounded’ unit of investigation in which everything
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within the case is considered part of the research. Alternatively, Thomas (2016) also
suggests that a ‘case’ can be considered a situation or an event and include “the set of
circumstances that surround this” (ibid. p. 13). Clarke et al (2018) draw on interactionist and
pragmatist theory (Mead and Dewey, for example) to suggest that a ‘situation’ is “both an
object and an ongoing process” (ibid. p. 71). The authors emphasise the ecological and
relational interactions that embody a ’situation’, suggesting that a situation has a momentum
of its own which is “greater than the sum of its parts” (ibid. p. 71). There is a tension,
however, between the methodological stances taken between the comparative/exploratory
case study approach and the more post-qualitative position explored through situational
analysis. As Clarke et al suggests, situational analysis is not particularly compatible with
narrative or descriptive case studies, as SA intentionally pulls “narratives apart analytically”
(Clarke et al, 2018, p. 366). This tension was helpful throughout the analysis as it prompted
me to consider not only what was visible and important to me (as researcher) in the
experiences, but how and why they might matter to the participants and to the conception on

eco-citizenship more broadly.

The school demographics

The following table provides some background information on the school groups involved.

Table 1: Sample school demographics

MICCI School 1: | MICCI School | MICCI School 3: | OPAL School 1: | OPAL School 2: | Soil Fertility

March 2019 23 October 2019 September October 2019 Project:
October 2019 2019 October 2019
Description Scottish Semi-  Scottish semi-  English Academy British Scottish urban Scottish rural
rural rural Trust School, Independent comprehensive  comprehensive
comprehensive comprehensive urban location school in Spain, secondary school secondary school
secondary secondary urban setting
school school
Curricular S2 science class Advanced Eco-group mixed A-LevelBiology S1 Green Gym Higher and
area higher year groups Nurture Group Advanced Higher
geography Geography class
Number of 17 10 4 19 3 8
Pupils 8M:9F 0M:10F OM:4F 7M:12F 1M:2F 2M:6F
Gender ratio
Adult 1 teacher (early 1 teacher 1 teacher 1 teacher (mid- 1 teacher (mid-
Interviews career) (experienced)  (survey) career) career)
1 scientist 1 scientist 1 scientists 1 scientist
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Ethical considerations

Consent

Recruitment of the participating schools was initiated via the scientists involved. Schools that
were already participating in citizen science (or related environmental education) projects
were invited to participate in the research component. Participant information was sent to the
teachers, a follow-up conversation was held if needed. This gave the teachers the chance to
address any concerns that they may have in relation to the research and associated consent
procedures. Participant information sheets (including parental information for those
participating pupils under 16), were issued ahead of the participant observation data
collection days. Most groups had an information session prior to the fieldwork day and a part
of this was allocated to revisit the participant information sheets and discuss the pupils’
consent to participate. Where an introduction in advance was not possible, time was
allocated at the outset of the participant observation to do this. Participants, both pupils and
adults, were assured that their participation was entirely voluntary, and that it could be
withdrawn without consequence at any time during the data collection days (and for a short
time afterwards). Following each data collection activity, | spent time explaining to the
participants what | had noted or recorded, asked them to confirm the accuracy of this and
that they were comfortable with its ongoing use. Written consent was then requested of the
participants (independently if 16+, including parents if under 16) at the end of all data

collection sessions.

| was able to attend additional MICCI fieldwork days during the autumn of 2019. The data
from these additional participant observation fieldwork days and focus group sessions were
not included in the research as parental consent was not able to be obtained via the schools.
There had been a particularly short lead in time for my attendance and it wasn’t possible to
hold an information session ahead of the fieldwork day. These sessions undoubtedly
informed my research, however, | felt that the pupils did not have the same opportunity to
fully understand their involvement in the research and as such should not be reported on at
this time. In one of these cases, four participants were included as written parental consent
was received, however, only their survey responses were used so as not to include any of

the other pupil’s contributions.
Anonymity

Video (in the pilot study only), photographs and audio recordings were used throughout the

research. All identifiable contributions were anonymised (or pseudonymised where
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appropriate) and the source material deleted. Images of the fieldwork days, some of which
contained identifiable images of the pupils, were used as reflective tools in the focus groups.
The pupils were asked for permission for me to use these in the analysis stages and in the

research outputs, they were all happy for me to do so.
Positionality of the researcher

In this research | was acutely aware of my position as both insider and outsider in my
relationship with the participants. As none of the pupil participants were known to me, from
their perspective, | was an outsider. However, | am demonstrably a teacher, it is a part of my
identity that | hold strongly and choose to value. | have considerable knowledge of both the
fieldwork sites and topic-related content that was involved in the tasks. | engaged with the
pupils via their own class teachers, who were present in most, though not all, of the data
collection events, and | was introduced alongside the scientists working with them on the
activities, many of whom | share a professional history with. As such, | recognise that it
would have been difficult for the pupils to ‘opt out’ of participating in the activities or the
research components, even though | made sure to emphasise this possibility regularly
throughout the sessions. In my relationship with the adult participants, | felt that my
perspective as someone known to many of them, with a shared interest in the topics in
guestion positioned me in a positive light. | felt this enabled the participants to be honest and
open in our discussions in a manner that may not have been the case with a stranger. | was,
however, careful to revisit the provided responses with the participants, where appropriate,
to ensure they were comfortable with their responses being included in the research and that

any personal, non-pertinent content was omitted.

67



Theoretical lenses
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Figure 9: Overview of my research process with the theoretical lenses emphasised

Three theoretical lenses were applied at different stages of my research (see fig. 9), this
section provides some background and definitions on each and illustrates how they were

applied in my research.
Eco-citizenship

Environmental or eco-citizenship reflects not only knowledge and awareness of
environmental issues, but the capacity to actively participate in decisions about the
environment (Dobson, 2007). Barry (2006) suggests that citizenship can be a continuum
from passive to active participation, an individual’s position on that continuum can be
affected by many factors internal and external to their own value system and relationship to
an environmental issue. Hoskins et al (2012) suggest that two main competencies contribute
to active citizenship; “knowledge and skills, and positive attitudes towards participation”
(Hoskins et al, 2012, p. 423). This echoes the sentiments of Jensen (2002), who suggests
that although knowledge cannot be shown to directly influence behaviour, the types of
knowledge and the methods of acquiring that knowledge cannot be disregarded entirely in
attempting to understand the imperative to act. Hobson (2013) suggests that a responsive
environmental citizen may be someone who is prepared to “take personal and positive

action” (Hobson, 2013, p. 66) on a particular issue as they experience or become aware of it.
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Action can also be found in the outcomes identified by Haywood et al (2016), the collective
and individual actions that are the product of the citizen science experience in their view.
While Hawthorne and Alabaster (1999) outline nine different components of environmental
citizenship, including environmental information, awareness and concern, they suggest that
is the combination of the ability to understand, evaluate and act for the environment that
make up environmental citizenship. How might ‘action’ be conceptualised in environmental
education and how could this could be identified in the experiences of the young people
involved in citizen science activities? While Hobson (2013) attempts to conceptualise
environmental citizenship, she also suggests that a priori definitions, such as
environmentally aware purchasing or talking about environmental issues with friends or
family, might limit the identification of ‘faint traces of environmental citizenship’ (Hobson,
2013) that have the potential to be identified in the conversations and everyday experiences

of people.

Jensen (2002) defines action as that which is “directed at solving a problem and it should be
decided upon by those preparing to carry out the action” (Jensen, 2002, p. 326, emphasis in
original). Jensen and Schnack (2006) go on to describe the action competence approach
which brings together an analytical approach to environmental problems and the ability to
participate in action for environmental objectives. Actions can be direct, contributing directly
to the resolution of the issue, or indirect, influencing others to contribute to a resolution.
Action competence as a concept includes the capacity to act in the present and in the future,
Jensen and Schnack (2006) suggest that while action competence cannot be described in
terms of the actions performed, that the actions performed can be identified in developing
action competence. It is suggested that while experiences and actions are always particular
to the individual, common experiences are found throughout society, in schools as a
particular example. Jensen and Schnack (2006) go on to suggest that the collective
understanding of these common experiences has the potential to lead to collective action

which defines a functional democracy.

Competencies are defined by Rieckmann (2012) as “interplay of knowledge, capacities and
skills, motives and affective dispositions” which enable self-directed action (Rieckmann,
2012, p. 129), and by Jensen and Schnack (2006) “being able, and willing, to be a qualified
participant” (Jensen and Schnack, 2006, p. 473). Sterling et al (2017) suggests that a
competencies-based approach can go some way to bridging the knowledge-action gap in
sustainability education. However, the authors acknowledge that literature on sustainability

education outcomes uses the terms competencies, skills and capabilities synonymously to
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reflect the idea of understanding a concept and acting in response to the context of the

challenge, despite the differences in their true meaning.

Following the pilot study, | became increasingly conscious of the limitations of using an
action competence approach in my research. The eco-citizenship ‘outcomes’ that | was
looking for could be considered to be tentative, palpable and emerging, rather than strongly
articulated in the pupils’ responses or behaviours. Reflecting on findings by Stern et al
(2014) that a focus on knowledge gain and behaviour change provides only a superficial
understanding of the “why and how it works” (ibid. p. 603), | was prompted to explore
alternative approaches to understanding the experiences of the pupils. The next two

sections describe these approaches and my application of them in my research.
The capability approach

An alternative conception to the action competencies approach is the capability approach
(CA) (Robeyns, 2017). The conception of capabilities as described in the CA enables a
more nuanced understanding of action. In this approach it asks “what people can do and be
(their capabilities) and what they are actually achieving in terms of beings and doings (their
functionings)” (Robeyns, 2017, p. 9). In the first analytical stage, | utilised the eighth of
Nussbaum’s (2011) central capabilities, the ‘other species’ capability to inform my data
collection. In doing so, | was interested in how, if at all, the citizen science experience had
changed, or encouraged the pupils to reflect on their relationship with animals, plants and

the world of nature.

The CA includes a series of evaluative ‘conversion factors’ which allow the degree to which
an individual can convert a resource (a citizen science experience, in this case) into a
functioning (an environmental citizenship ‘action’) be understood. The first of these is
‘individual’ conversion factors, or things which affect the participants own person or body, the
second is ‘social’ conversion factor which relate to the social structures affecting the
individual, and finally, ‘environmental’ conversion factors, which engage with the physical
landscape within which the experience occurs. These conversion factors offer a unique
perspective that is missing from the competencies/outcomes approaches commonly used in
evaluating environmental experiences and will be used in this case to more deeply
understand the transition that pupils undergo between the citizen science experience and

the potential of undertaking environmental citizenship actions.

The conversion factors component was brought in in the second stage of my analysis. These
were included in the relational maps with the intention of identifying the elements, if any, of

the citizen science experience that could be considered personal, social or environmental
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conversion factors. These were also reflected in the second survey questions, to find out

how young people related to eco-citizenship more widely.
Lived citizenship dimensions

Kallio, Wood and Hakli (2020) describe lived citizenship in a way that considers the effect of
citizenship in real life situations rather than the formal legal status of citizenship. This
research strand draws upon that conception, placing the embodied experience and acts of
citizenship in daily life at its core. Lived citizenship exposes the experiences of traditionally
excluded groups and is a useful way of making visible the challenges surrounding young
people and their role as citizens, in particular in relation to the environment and
environmental action. This is particularly relevant in considering the experiences of young
people who, through formal schooling, will be exploring their role as citizens and considering

what that means for them and their relationship with the ecological world.

Four dimensions of lived citizenship, described by Kallio, Wood and Hakli (2020) were

applied in my analysis of the second stage of relational maps, these were:
Spatial

Drawing on Lister et al (2007) the context and circumstances of life cannot be separated
from the experience of citizenship. The spatial dimension highlights the relationship between
the global and local citizenship realms and looks to draw out connections between public

and private worlds.
Intersubjectivity

The intergenerational and interpersonal experiences that locate citizenship related
experiences within and across communities. This dimension highlights the relational
experiences of citizenship, working with others, peer pressure, family relationships and

communication.
Performed

This refers to the actions and practices associated with citizenship, related to “Acts of
citizenship” by Isin and Nielsen (2008) and describes the constitution of subjects as citizens
in respect to their own actions or behaviours. These actions are those which assert the
individual as a citizen at a range of different scales and positions, not just individual-group or

formal-informal.
Affective
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This dimension looks to illuminate the feelings associated with being a citizen, this can relate
to belonging, in relation to a nation or a community, but it can also be expressed as

attributes of care and responsibility.

Applying these four dimensions to my research enabled me to “recognise the embodied,

relational and lived experiences of being a citizen in everyday life” (Kallio, Wood and Hakli,
2020, p. 1). This enabled me to notice and define the actions and behaviours of the pupils
within their experience of the citizen science project. In drawing particular attention to their
responses to the more-than-human encounters of their fieldwork experience, | was able to

reflect on the meanings that the pupils are moved to make from these.
Alternative theoretical approaches

Alternative theoretical approaches could have been used in this study, for example, an
‘ecological conception of agency’ (Priestley et al, 2015, Biesta and Tedder, 2007) could have
been appropriate in place of the capability approach. The practical-evaluative component of
this model offers a relevant way of considering the dimensions that may influence the
actions of pupils in engaging with a citizen science activity. There are, however, important
temporal considerations in that articulation of agency (e.g., life histories and future
orientations) that are somewhat less visible in the single event experience of citizen science
in formal schooling. To explore the citizen science experience further, Biesta’s ‘pedagogy of
the event’ (2015) offers an alternative to situational analysis in looking deeply at what
happens in as well as to the learner during the activity. It is “a pedagogy that is oriented
positively towards the weakness of education. This is a pedagogy, in short, that is indeed
willing to take up the beautiful risk of education” (Biesta, 2015, pp. 140). The methodological
clarity of this approach is more open to interpretation however, and as a newcomer to the
field, situational analysis offered a clear structure to use (and challenge) in coming to a
rigorous interpretation of my data. As such, the application of situational analysis and the
capability approach to the three citizen science cases was felt to be the most appropriate

theory-methods package for this study.
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Data collection
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Figure 10: Overview of my research process with the data collection approaches emphasised

Pilot study

The data collection approaches taken in this study are identified in fig. 10. The following
sections will describe each of these in turn. The pilot study involved MICCI school 1. There
were three components to the activity, a pre-visit session with the class hosted by myself
and the NP ranger, a full day fieldwork session in which | tested a range of options for
recording fieldnotes, and finally a follow-up classroom session in which survey instruments,
focus group discussions with pupils and semi-structured interviews with the adults involved
were conducted. The responses and reflections on these informed the main data collection

stage that took place later in my research.
Participant observation
“Observational studies have been fundamental to much qualitative research.”
Silverman, 2017, p. 193

While observational data can be collected and analysed in both quantitative and qualitative
ways (Simpson and Tuson, 1995), this study has taken a ‘naturalistic’ approach to
observation. This involved observing the pupils throughout the fieldwork day without
assigning pre-determined categories or counting examples of behaviour. While | hoped to

observe discussions or behaviours that suggested environmental citizenship dispositions, |
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felt it was important to determine if these could be seen in the natural behaviour and
discussions of the pupils or if more targeted elicitation would be required to identify such
dispositions. | recorded the data in a number of ways to maximise the quantity of data and to
ascertain the most effective means of recording the experiences of the day, whilst also
participating in the fieldwork experience with the pupils. Whilst participant observation can
lead to some blurring of the boundaries for the researcher, it can result in a greater depth of
data as the researcher is fully immersed in the activities rather than an outsider (Simpson
and Tuson, 1995). | included three approaches to assembling fieldnotes on the pilot study
day; firstly, | took pencil notes throughout the day, recording examples of conversations, the
responses and behaviours of the pupils to the environment and the interactions they had
with the human and non-human actors in the space. Secondly, | made verbal audio
recordings immediately after the pupils departed the field study site in which | described any
further interactions or details of the day that seemed pertinent. Finally, | used a body camera
to capture a video recording of the day, | switched this on and off throughout the day in an
attempt to capture what | felt were the more relevant components. | also considered this in
effect a cross checking tool, | referred back to the video after | had drafted the first fieldnotes
to ensure accuracy of the recorded conversations and to revisit the scene. Phillipi and
Lauderdale (2018) suggest that effective fieldnotes can not only enhance the depth and
rigour of qualitative research, but can also help to situate the research in its wider context.
As my analysis of my fieldnotes was intended to lead to social and positional maps, it was
important to me that the wider contextual elements, such as references to curriculum or
social media influences, were recorded during the fieldwork day for incorporation into the
later analysis. Images were also taken on the day to contribute to the photo-elicitation task in

the focus group session.
Focus groups

The focus group session was undertaken exactly one week after the fieldwork day, and was
delivered as a workshop style session including a series of activities that allowed different
aspects of the fieldwork to come to the fore. In order to enable the pupils to effectively share
their experiences with me, | devised a range of elicitation tasks. Barton (2015) suggests that
elicitation techniques are “research tasks that use visual, verbal, or written stimuli to
encourage people to share their ideas” (Barton, 2015, p. 180). Barton (2015) suggests that
when research topics are complex; climate change, environmental citizenship, for example,
or tacit; relating to teaching and learning approaches, elicitation techniques can be a
valuable way of enabling more engaged responses from participants than may be achieved
by asking straightforward questions. Furthermore, the nature of the elicitation tasks can be
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more familiar to the participants than a formal interview or survey and as such put them at
ease and encourage greater articulation of their ideas and experiences (Catterall and
Ibbotson, 2000). In this research, | designed the elicitation tasks to reflect tasks that pupils
may participate in during normal lessons, and as such provide a sense of familiarity for them.
Only the recorded focus group discussions, which took place out with the classroom in small
groups deviated from what could be considered normal classroom activities.

The tasks that pupils were involved in during the pilot phase included a recorded discussion,
photo elicitation task, a sentence completion task and a free-writing task. Each of these
tasks will be described and the analytic approach to the data collected outlined in this next

section.
Recorded discussion

This involved a series of questions, including open and closed questions, asking pupils to
recall their experience and explain the impact and importance of that experience. Three
groups of between 4 and 6 pupils were extracted from their classroom and they spent
around 10 minutes with the researcher discussing their experience of citizen science. The
recorded discussion has the advantage of flexibility, the researcher can respond to the
pupils’ recollections and prompt them towards relevant areas of research interest as needed.
Furthermore, the social nature of the discussion can stimulate memories, thoughts and
corrections relating to how each individual experienced the topic or event in question
(Delamont, 2012). On reflection, the pupils in the pilot groups appeared somewhat self-
conscious in the discussions, though this varied between groups and pupils. As such, some
individual pupils may have felt less confident in contributing to the discussion and their
experiences are therefore less represented in the final results. This reflects the challenges
outlined by Delamont (2012) suggesting that social relationships may be inhibitory to some
participants and that the researcher must ensure that dominant individuals are not able to

command the attention of the group.
Photo-elicitation

Four images of different elements of the fieldwork day were presented to the pupils and they
were asked to give each a title and annotate them with any memories or words that they
could think of in association with the image. This is an example of an ‘associative technique’
(Catterall and Ibbotson, 2000), where the participants are stimulated to contribute a wide
range of responses using, in this case, a visual prompt. Using images, | was able to direct
the pupils to consider elements of the fieldwork day that may have been forgotten or held

low importance to them at the time (Barton, 2015). Banks (2001) suggests that the use of the
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same images with different participants allows the range of perspectives and reflections on
the same experience to be expressed. However, my selection of the images may be
considered a restriction of the pupils’ ability to reflect the elements that they found important
(Elden, 2013).

Sentence completion

| issued the pupils with six sentence stems and asked them to complete the sentence in their
own words. For example, the pupils were given ‘Moorlands are important because....” they
were then asked to complete the sentence as they felt most appropriately reflected their
experience. The pupils worked individually but were allowed to discuss the responses in
table groups. The stems varied in length and complexity to give pupils both simplicity in
completing the task with long stems and the opportunity to provide longer, more elaborate
responses when stems were shorter (Barton, 2015). Sentence completion is a simple and
practical task that was familiar to the pupils, this has the potential to overcome barrier
responses and encourage pupils to be less self-conscious than they would be in, for
example, the recorded discussion (Catterall and Ibbotson, 2000). However, the simplicity of
the task may lead to satisficing behaviours as experienced in survey research (Hamby and
Taylor, 2016).

Blog posts

In a final written task, | asked the pupils to write a short (1/2 A4 page) blog post with prompts
including ‘what the moorland looked, felt and sounded like’, and ‘what your fieldwork is part
of and how your data will contribute to this’. This is an example of an ‘expressive technique’
(Catterall and Ibbotson, 2000) or as Barton (2015) describes a ‘construction task’, in which
the participants are encouraged to generate a novel construction, which could be, for
example, a written piece, role play or dramatic production. | felt that this offered the pupils
the opportunity to reflect on their experience in a free and unstructured way, enabling their

own reflections to lead the content that they contributed.
Reflections

Reflecting on these experiences, | amended the data collection approaches that | took on

into the main stage of my study.

In the participant observations, | omitted the use of video entirely, feeling that it was a
distraction for both myself and the pupils. Instead, | focused on targeted note taking at key
points of the fieldwork days, this gave me more space to engage and respond to the events

as they unfolded. | continued to record verbal fieldnotes following the events, usually on the
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journey home. This was particularly effective in attuning my attention to the most memorable

and impactful components of the events.

In the written responses, | included a very short Likert scale survey drawn from the Cornell
Lab of Ornithology Evaluation Research suite of citizen science evaluation tools. This survey
instrument was selected as it was designed specifically for use with citizen science

experiences rather than environmental education more broadly.

| retained the sentence-stem task; however, | reduced the number to four and included two
cognitively focused stems, and two affectively focused stems, the pupils were asked to
reflect on what/how their citizen science experience had made them; think about, feel, was

most memorable and most important to them.

The blog post was removed, replaced with a shortened, but still open-ended question that
asked the pupils to comment on any change that they felt the citizen science experience had
made to their relationship with animals, plants and the world of nature. This served to more

explicitly connect the terminology used in the capability approach to my study.

The group discussion was amended to use the photo elicitation task and a written
component alongside the recorded discussion, this was intended to reduce the self-
consciousness that had been observed in the pilot and give the pupils alternative ways to
record their responses. Four questions were included, these were issued one each to small
groups of pupils, time given to discussing and making their own notes before discussing their
reflections with me. Only the discussion with me was recorded, the pupils were encouraged
to make notes on their thoughts before and after our discussion. A targeted ‘capability

approach’ appropriate question was also included. The four questions included were:

¢ Using this image [image of an organism that the pupils encountered on their fieldwork
day] to help you, can you describe any ways that taking part in the [insert
MICCI/OPAL/SFL] project has made you think about how you live in relation to
plants, animals and the natural world?
e Can you suggest what you think the best possible outcome of the [insert
MICCI/OPAL/SFL] project would be;
o for the environment, and
o foryou?
o Select the [environmental citizenship] term(s) that you think are most relevant to
defining an environmental citizen and discuss whether taking part in the [insert

MICCI/OPAL/SFL] project has enabled you to experience these.
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e Thinking about the planning of your own life, has being involved in the MICCI project
led you to consider living in a way that you feel is ‘good’ for the environment?

What might this involve and why do you think it might be ‘good’ for the environment?
Semi-structured interviews

The interviews with the adults involved a recorded discussion that was framed around four

broad questions;

¢ Can you tell me about your experience of the (MICCI/OPAL/SFL) project?

¢ What were the opportunities/benefits?

¢ What were the constraints/challenges?

o Reflections on ‘an environmental citizen’ in relation to participating in
(MICCI/OPAL/SFL)

An opportunity to return to the field

The main data collection phase was completed by the end of October 2019. A small number
of activities had been scheduled for Spring 2020, however these were cancelled due to
Covid-19. Following the various lockdowns, in the late spring on 2021, | was informed that
the MICCI project was able to resume and that one of my data collection schools was
returning to the Scottish field-site. Restrictions on the mixing of ‘bubbles’ at that meant that |
was unable to participate in the event, however, this gave me an opportunity to return to the
school with a follow-up survey. | developed a short survey involving the self-efficacy
statements, and some reflections on developing eco-citizenship capabilities and the
conversion factors that could be associated with them. This prompted me to return to some
of the other schools that had been involved in the main stage of my research and invite them
to circulate the survey to AH biology or geography students, regardless of whether they had
undertaken citizen science projects or not. They responded positively and | was able to

collect 74 pupils’ reflections in this final data collection opportunity.
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Participant numbers

The following tables (tables 2 and 3) show the number of pupil and adult participants in the
research. Table 4 describes the activities undertaken and data collected in the main body of
the research. Table 5 provides the number of respondents to the self-efficacy component of

the survey.

Table 2: Pupil participant numbers

Pupil participant observations and
follow-up survey and focus Groups

Case School Participants
(Pupils)

MICCI School 1 19
School 2 10

OPAL School 1 19
School 2 3

SFL School 1 8

Table 3: Adult participant numbers

Adult Responses

Response  Case Adult Number
Type

Semi- MICCI Teacher 2

structured
Interview

Scientist 3

Written Teacher 2
Survey
Semi- SFL Teacher 1
structured
Interview
Scientist 1
OPAL Teacher 1
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Table 4: Citizen Science Activities and Data Collected

MICCI School
a)

52 Science class

Ve BTSN AH Geography
2 Class

OPAL School LS EVEIEITIE

1 on residential
fieldtrip from
Spain

JARTC GBS S1 Green Gym

2 Group
(extracted from
class)

Soil Fertility Hand AH

Introductionto the Fieldwork session Follow-up session: Participant
citizen science Citizen science project Observation
projectand PhD data analysis and PhD
research (20 - 50 data collection
mins)
Researcherand 1 x full day 1 x 50-minute period 1 xfull day
scientist present
Moorlandbased environmental
data collection
Researcherand 1 x shertday(10:30 — 13:30) 1 x 50-minute period Short day (10.30-
scientist present . 1.30)
Moorlandenvironmental data
collection
Researcherand % day 1 hourfollow up session % day
scientist present inthe lab
Invertebrate Surveyin the
grounds of the residential centre.
Researcherand 2 x 50-minute periods 1 x 50-minute period 1x 50-minute
sclentist present Tree health survey (trial survey) Eeied
andinvertebrate surveyin the
school grounds (main survey)
Scientist and 1 x full day 1 x full day 1 x full day

Legacies Geographyclass teacher present

Soil samplingand analysisin a
local field site

Table 5: Self-efficacy survey responses

Self-Efficacy Survey

Case

MICCI

OPAL

SFL

None
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Responses

19

21

25

Group
Discussion

Pilot questions

Revised
Questions

Revised
Questions

Revised
Questions

Survey

Pilot

Questions

Revised
Questions

Revised
Questions

Revised
Questions

Revised
Questions

Interview(s)

Teacher 12mins.

Scientist 20mins

Teacher 5mins

Teacher 15mins

Scientist 40mins

Teacher 20mins.



Situational analysis

Sensitising Concept:
Eco-citizenship
Fieldwork learning Lived citizenship
\ findings dimensions

Pilot

Social worlds map

Participant Observations

Fieldnotes

Relational maps
(Stage 1)

Relational maps

(Stage 2) Positional map

Focus Group

Surveys

|
|
: ama Messy maps
|
|

Interviews More-than-human

findings

\mical || opaL | | srL | Eco-citizenship
capabilities

findings

Capabilities Approach

Figure 11: Overview of my research process with situational mapping stages emphasised

Theoretical underpinnings

This research used situational analysis to generate situational maps of the citizen science
experience for the participants in my research (see fig. 11). These maps include the human,
non-human, material and discursive elements that are found within the cases. The initial
analysis included all seemingly pertinent information and assumptions, and this was
categorised and ordered throughout the analytical process. In this section | will outline the
theories that underpin situational analysis, and consider why this is was a suitable analytical
method for use with my particular cases. Following this, | will describe the stages that | went
through in bringing together my data using the processes of situational analysis, including

some of the challenges that this complex approach involved.
Roots of situational analysis

I will firstly outline the roots of situational analysis in grounded theory, symbolic
interactionism and pragmatism (Clarke, 2005). The ontological contradictions that have
emerged as these concepts have evolved echo the positivist/interpretivist divide already
described in relation to case study perspectives. There are elements of grounded theory that
lie naturally within the interpretivist ontologies, for example, its emphasis on perspective and

multiple points of view. However, some aspects of grounded theory draw from positivistic
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approaches and can be limited by these, for example the risk of oversimplification in the
search for a purity of analysis. Situational analysis attempts to account for these limitations
by emphasising the ‘situation’ and the reflexivity of the researcher in relation to and within

the research.
Grounded theory, symbolic interactionism and pragmatism

Clarke (2005) argues that traditional grounded theory (Glaser and Strauss, 1967), which
seeks to generate formal theory, can be criticised for being reductionist and retains elements
of positivism that do not allow the presentation of the contradictions and ambiguities that are
present in social situations. Clarke (2005) presents situational analysis as a more relativist,

real-world and situation specific approach to research.

Building on constructivist grounded theory, according to Charmaz (2006) focuses on the
meaning, action and process in a social context. This position includes the researcher within
the research and can present the results as a narrative told by the researcher. She suggests
that multiple interviews or observations may be needed to fully realise the meaning of an
experience to the participant. In the case of this research, there was not the opportunity to
interview the pupils more than once, however, using a range of techniques across the data
collection attempted to illuminate the different perspectives and viewpoints from the

individuals involved.

Situational analysis, as it has emerged from grounded theory, draws heavily from symbolic
interactionism and also has roots in pragmatist philosophy (Chamerlain-Salaun and Mills,
2013). Symbolic interactionism suggests that individuals consciously interact with the world
and that is within these interactions that the meaning of a situation can become apparent
(Serge, 2014). Clarke (2005) asserts that the contradictory positions of symbolic
interactionism as a perspectival interpretation of a fixed reality are core to the challenges

within grounded theory that situational analysis attempts to overcome.

While situational analysis has its roots in grounded theory, where a systematic approach to
analysing qualitative data is taken (Clarke, 2005) it attempts to more satisfactorily attend to
the complexities found in a social science inquiry. Clarke et al (2017) asserts that situational
analysis should supplement grounded theory-based analysis, rather than replace it
altogether. Situational analysis allows the invisible to become visible and encourages the
messy nature of the method assemblage to be brought into view (Law, 2004), which when
combined with the systematic analytical coding present in traditional grounded theory, offers
a way of deeply understanding and potentially unravelling some of the complexities in the

research situation.
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den Outer et al (2013) make use of situational analysis as an attempt to “know not only more
but differently” (den Outer et al, 2013, p. 382). Investigating the reflexive practices of higher
education, the authors look to appraise situational analysis as a reflexive method. Finding
the approach challenging, the authors concluded that while situational mapping encouraged
the researchers to move between interpretive levels and in doing so revealed multiple
possible interpretations that may not have become apparent in other approaches. Their main
critiqgue, however, was that this approach does not easily allow guestions of agency to be
addressed, for example the decisions taken when moving between the different maps are
ultimately determined by the researcher, but the reflexivity in this process was felt to be

lacking.
In practice

Situational analysis uses cartographic techniques to explore and analyse the research

situation. Three main mapping approaches are described:

1. situational maps that lay out the major human, nonhuman, discursive, and other
elements in the research situation of concern and provoke analyses of relations

among them;

2. social worlds/arenas maps that lay out the collective actors, key nonhuman
elements, and the arena(s) of commitment within which they are engaged in ongoing

negotiations, or meso level interpretations of the situation; and

3. positional maps that lay out the major positions taken, and not taken, in the data
vis-a-vis particular discursive axes of variation and difference, concern, and

controversy surrounding complicated issues in the situation.
(Clarke, 2003, p. 554)

The intention of these maps is to bring out the complexities, to subject the research situation
to a rich and deep analysis that includes the human and non-human actors present in, and
impacting upon, the intention of the research (Clarke, 2003). Clarke (2005) describes the
use of this cartographic approach as a break with the traditional researchers’ ways of
working, thereby generating unique insights into the situation. den Outer et al (2013) found
the process of producing situational and social world maps useful and insightful, however the
positional maps proved to be challenging in that positional maps move away from the
position of the individual to the related position within the relevant discourse. This raised
guestions of agency and representation for their particular research area (reflexivity in
researchers), which | found useful to consider when moving towards the positional mapping
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analysis. The three types of map, but the situational map most clearly, as created by the
researcher is a reflection of their specific view at that moment. Changing time or researchers
will produce a different map(s), which reflects the changing landscape and alternative
journey that might be seen by an alternative perspective. Kitchin and Dodge (2007) suggest
that maps are “spatial practices enacted to solve relational problems” (Kitchin and Dodge,
2007, p. 335). The visual representation of the situation opens up the messiness and
enables multiple perspectives to be considered. Different elements of the map can be
expanded or collapsed as the analysis proceeds, illuminating the visible and invisible

relationships between elements.

Following each data collection exercise, | created firstly a messy map and then a relational
map of the data. Three key questions are asked of the data in the construction of this map;
“‘Who and what are in this situation? Who and what matters in this situation? What elements
‘make a difference” in this situation?” (Clarke, 2003). An example can be seen in fig. 12. p.
86, and again in appendix 6. Simultaneous memo-ing should also be carried out in the
construction of the map, attending to question of presence and absence, allowing the
researcher to ‘wallow in the data’. Following this, the data was interrogated to more fully
understand it's importance in my research, for example, in interrogating the question stem
responses, a map was constructed for each sentence stem, in which broad themes or
converging concepts were identified, learning about, or physical sensations, for example.
The related concepts were brought together and remapped, this time looking across the
different cases. This iterative process provoked my ‘analytic imagination’ (James, 2012) and

produced what Clarke et al (2018) describe as ‘thick analysis’.

Clarke et al (2018) suggests that in the relational map, each element is compared and
related to each other element on the map. As | added to the map for each case with each
new data source, this quickly became unwieldy and | opted to group or cluster the maps to
meaningfully direct my analytical focus. It is worth noting that this was done consciously and
reflectively, another researcher may have selected different relationships of importance to
them, which would have been equally as relevant. In creating and re-creating the relational
maps, | was able to identify areas of commonality between the cases and discern some
differences. | was able to describe some initial findings in relation to the fieldwork learning
experiences and more-than-human encounters from these relational maps. However, the
differences between cases were less clearly defined than | had expected which led me to
further theoretical reflection and a new set of relational maps. Incorporating the dimensions

of lived citizenship (Kallio, Wood and Halkli, 2020) and conversion factors (Robeyns, 2017)
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into a second set of relational maps allowed me to reconsider my initial findings and

incorporate the new conversion factors data set into my analysis.

Clarke et al (2018) suggest that all three map types should be used during the analytical
process. | found the process of working with the relational maps intuitive and rigorous,
however, the social worlds and positional maps proved to be a little more challenging.
Growing out of the Chicago School approaches to relational ecology, the social worlds maps
are intended to emphasise the relative positions, insecure boundaries and asymmetries that
are present in any situation of inquiry (Clarke et al 2018). In practice, | felt that only some of
the data that | had collected helped me to build this particular type of map and a return to the
field was not possible due to Covid restrictions. | focused particularly on the interviews with
the adults in order to build the social world, centring the pupils as impacted by the social
worlds that converged to create the citizen science experience that composed my research
‘situation’. After a few iterations, the value of this type of map began to become clear, in
positioning the ‘worlds’ of the teachers and the scientists in opposition and attraction to each
other, | was able to identify some affordances and challenges for both parties. These

contributed to the fieldwork learning findings.

The positional map was the most difficult of all to generate, and | was only able to build this
during the second stage of the relational mapping exercises. | identified the conceptions of
‘care’ and ‘contribution’ as reflected differently in the data from the adults and the pupils.

This became the basis of the positional map, and contributed to the eco-citizenship findings.

My move to post-qualitative approaches evolved through my experience of situational
analysis. Initially rooted in pragmatism, my research intention was to clarify what citizen
science did, or was able to do for the pupils involved. The rigorous attention to the
experience, the actions and transactions (Dewey, 1938/2015, Biesta and Burbles, 2004)
contained within it were, to my mind, a search for the ways in which this experience could
matter to environmental education and to the young people involved. In working through the
stages of situational analysis, | was exposed to ideas of situated knowledge as described by
Haraway (1991). The relational mapping in particular opened up the conceptions of
rhizomatic and assemblage approaches such as that of Delueze and Guattari (2004) and
Ingold (e.g., 2011). The re-turning of the maps connected me to the refractive processes
described by Barad (2014). Most vividly, however, the intention to take the non- or more-
than-human into my analysis was driven by the fieldwork experiences themselves. The non-
human actors (Clarke et al, 2018) were demonstrably in relation with the pupils in the
fieldwork experiences, these entanglements were, and still are, the things that have

remained most meaningfully with me from the citizen science activities. | was moved to more
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fully explore this and in doing so my relationship with this research has deepened

immeasurably.
Breaking down the analytic process

As a result of the various data collection activities, across each of the project a total of 14
data sets were generated, a summary of these can be found in Appendix 4 (p. 258). In order
to fully incorporate these different sources of data into the situational mapping approach, |

followed the steps outlined here:
Step 1: Inductive open-coding

| undertook a line-by-line or word-by-word analysis of the data, identifying codes where
appropriate, it should be noted that Clarke et al (2018) does not advocate a Grounded
Theory-type coding approach be taken prior to messy map construction, however, | felt that
for some of my data sources, an immersion and coding process was necessary before

moving on to the mapping stage.

Step 2: Messy maps were constructed using a mixture of raw data and identified codes, for

example fig. 12 shows the transcribed messy map of MICCI school 1’s fieldwork day:

n Researcher Pupil Baam Leaving footprints in
anger
a Teachers the.welmass Wet feet Characters created
Bibssioom Marshy, uneven ground by the pupils
SR Response to Wildlife o Bogtrolls
Media Awareness Presence of sheep. Fear o Danger noodles
) Peers The sheep moved Disgust
Unstructured time CfE off further away from » Intrigue Sound of bird song
the group a short . Admiration
3 BGE time after we
Previous Learning el Adder stopped play
Squelching and Relation to Dirty trousers
) bouncing in the Desire to find a media/social media
Expenrr_\ental ) moss mobile signal took
Instructions Exp_enmemal : : pupils further away Relation to pupils own
equipment Tefperaieshe ;lg:ﬁdcxgs':z:\etsl,‘ f(c:g\ the fieldwork life experiences Thervt\;'ater ruiheu;g Dirty hands
Si ovel eir well
day began cold and back to school on
during lunchtime time g
Volunteer ) some girls made use Wouldweiais Idenl_lﬁcatlon of
Science leaming of an emergency et Play Sound of the stream species from keys
and practice shelter to keep 3/8 getback early burbling involved discussion
warm, by the end of enough? Candian and e)fpe‘n
our day the v Confnbuliomct s discussion ofthe
Problem Solving: temperature was Frog research to role of l:1e estate in
Equipment (broken comfortably warm. understanding managing the land
weather vane) Adder moorland health and allowing us to Ensuring all
“who would you text, National Parks be there. equipment and litter
P 2 . i
) ) everyone is here? Use of antibacterial get around the UK Relation to global was taken away with
Video making issues us from the site
before lunch, Twitter posts by the
Sotinds 6 piiplls emphasising the lack of . nat park and the
st pup familiar faciliies (no Recording the site, school Freeing a stuck
) SNaNing sinks or toilets), and the  the gps location, the Phones and wellie
Sha‘nng tasks and ‘dirty’ nature of the pupils and activities cameras present
equipment outdoor space throughout the day and required

Figure 12: MICCI School 1: Messy Map: 9.5.2019

Step 3: Relational mapping was then used to identify themes

The process of relational mapping as described by Clarke et al (2005) asks that each
component of the messy map is considered in relation to each other component in a

systematic way, this was a rigorous and intensive process of engaging with the data.
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| re-applied the themes that | had identified through the mapping exercise to the original
source material (interview transcripts or survey data, for example), and also retained them

for use with subsequent data sets.

Step 4: Selected themes and the related raw data were extracted and used to develop the

social worlds map

Themes of particular relevance to the research questions were identified and applied to the
data across the cases (this resulted in a ‘count’ of the frequency of occurrence of some

themes to facilitate cross-case comparisons).

Step 5: Findings related to fieldwork learning experiences and more-than-human encounters

were identified.

Findings and re-turning the data

Sensitising Concept:
Eco-citizenship
Fieldwork learning Lived citizenship
\ findings dimensions

| Pilot

Social worlds map

| Participant Observations

Relational maps Relational maps )
(Stage 1) (Stage 2) Positional map

Focus Group

Interviews More-than-human

findings

| Fieldnotes |

|
| Surveys
|

| micar || opaL | | srL | Eco-citizenship
capabilities
Capabilities Approach findings

Figure 13: Overview of my research process with the second analytical stage emphasised

| identified the fieldwork learning and more-than-human findings using the relational and
social worlds maps as described in the previous section. While these findings were an
important first step in my research, they only took me part of the way towards eco-
citizenship. The ‘actions’ for the environment that | had hoped to observe were not strongly
demonstrated in the pupils’ behaviours or reflections, instead proto- or emerging eco-
citizenship capabilities were palpable. In re-turning to the data from the stage 1 findings and
bringing the lived citizenship dimensions and conversion factors into the frame (see fig. 13), |
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was able to develop a second stage of relational maps considering how these proto-
citizenship dispositions could be made more tangible in relation to the wider lives of the
pupils. These reflections and re-turning form the basis of my eco-citizenship capabilities
findings.

Self-efficacy data analysis

The self-efficacy data was firstly treated as described in the Cornell Institute for Ornithology
technical brief (Porticella et al, 2017), where the responses were converted into a numerical
value and the average for each participant calculated. | then calculated an average score for
each citizen science project (and none). Secondly, each self-efficacy statement was
considered separately. The response for each statement were converted into agree and
disagree categories. | then calculated the proportions of agreement/disagreement across
each of the citizen science cases and the non-citizen science participants. For each self-
efficacy statement, this involved breaking the self-efficacy statements up into three

components:

o A capability statement (e.g., | can)
o A place identifier (e.g., the planet)

e A solution orientation (e.g., take care of)

The lived citizenship dimensions, conversion factors and self-efficacy components were

combined to create a priori codes, see table 6 below:

Table 6: Applied codes

Lived Citizenship Conversion Factor Self-efficacy component
Dimension
Spatial Dimension Environmental conversion | Place identifier
factors
Affective Dimension Personal conversions Capability statement
factors (individual)
Intersubjective Dimension | Social conversion factors Capability statement
(working with others)
Performed dimension Solution orientation

These codes were then applied to the messy and relational maps from stage 1 in a

systematic manner. For example, fig. 14 shows the application of stage 2 codes to the SFL
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relational map.
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Figure 14: Stage 2 relational map with applied codes example

Themes were identified which were focused on interrogating how the experiences identified

as important in the stage 1 findings could be more fully understood as part of the process of
developing eco-citizenship capabilities. The map in fig. 15 shows the themes that were

identified across all cases in relation to the spatial/environmental/place coding.

Citizen Science as an environmental conversion factor for eco-citizenship capabilities

. school

sound
travelling -------- Physicaland - touch
sensory experiences
scientific practice .
locations . ‘ — phenomena
__|The ‘real’ "™~
issues :
[Citizen Science fieldwork experience ]
home
fieldwork site ] ;
5 Global and local ‘ :
Transitions | dimension ofissues J~~-- local
school ’ _
school subjects
home global -
lab S
media

Figure 15: Stage 2 theme identification example

89




In summary

In this chapter | have outlined the steps taken, observations made and reflections taken that
moved my research from a sensitising concept to the final substantive findings. The process
of using situational analysis was particularly effective in exploring the complexity of the
citizen science experience from a range of perspectives. It was a rigorous and sensitive
process which | felt enabled me to dive deeply into this unique situation. It was, however,
complex and at times challenging. The application of the capability approach and the
conception of lived eco-citizenship provided me with a way of noticing and evidencing the

palpable and emerging citizenship actions of the pupils.
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Chapter 4: Fieldwork Learning Findings

Introduction

This chapter addresses the following research question;

What contribution is made by fieldwork experiences in curriculum-based

environmental citizen science that supports eco-citizenship capabilities?

In this analysis chapter, data is drawn from the participant observations of fieldwork
experiences which were converted first into fieldnotes and then messy maps (Clarke et al,
2018). These maps were built to also include the pupil reflections that were provided during
a sentence completion task, and individual interviews with teachers and scientists. For a
fuller account of these approaches, please see the methodology section ‘Data Collection’ p.
67.

The data was analysed firstly using inductive coding and messy maps. The contribution of
the participants was coded and arranged into themes using the messy maps, the sensitising
concept (Clarke et al, 2018) of ‘environmental citizenship’ was utilised and interrogated
within these first stages. The themes and associated terms were then arranged into
relational maps, in which the convergences and divergences across the different citizen
science experiences were identified. These will be drawn out and discussed in relation to the
eco-citizenship capabilities that are implicated in the experience. Finally, the data was
brought together into a social worlds map. This map will be used to interrogate the
relationships involved in the environmental citizen science experience, drawing out the

opportunities and challenges raised by these.

Background

Delors (1996) proposed a model of learning in which a foundation of ‘learning to live
together’, supports the pillars of ‘learning to know’, ‘learning to do’ and ‘learning to be’.
‘Learning to know’ involves acquisition of “instruments of understanding” (ibid. p. 23), ‘to do’
involves the acquisition of competencies and skills, ‘to be’ involves a greater depth of self-
knowledge, contributing to the “all-round development of each individual” (ibid. p. 94). The
foundation of ‘learning to live together’ is proposed “so as to participate and co-operate with
other people in all human activities” (ibid. p 23). There is a strong emphasis on a scientific
culture throughout the Delors report, with the suggestion of the need to develop scientific

thinking in order to promote development, not only in relation to future technologies, but also
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embedded within local contexts (Delors, 1996). Hodson (2003) suggests four components
that he considers as the major contributions to a science curriculum which is “oriented
towards socio-political action” (Hodson, 2003. p. 645). The first three of these components
echo Delors (1996) pillars, suggesting that; learning science (the concepts and theories),
learning ‘to do’ science (the practical tasks or ‘scientific inquiry and problem solving’) and
learning ‘about’ science (understanding the ‘nature of science’) can result in students who

are able to engage in Hodson’s fourth component, taking socio-political action.

Environmental citizen science shares the fieldwork component that is commonly (though not
exclusively) included within environmental education, particularly through formal education
settings. Approaches to environmental education can be classified into different domains,
Lucas (1979) considered environmental education to be considered ‘about, for and in’ the
environment. These dimensions were adapted by Fien (1993) changing the ‘in’ for ‘through’,
and also by Palmer (1998) changing the ‘in’ for ‘in or from’. This analysis chapter will bring
together these approaches to learning science and environmental education and present
findings under three headings; Learning about, Learning to do, and Learning together.
Learning about focuses on the pupils’ topic-related reflections, while learning to do focuses
on the practical components of the experience. These reflections were identified during the
participant observations of the fieldwork experience, and in the post-visit survey tasks.
Learning together will centre on the interpersonal relationships demonstrated and observed

during the fieldwork experience.

Bringing these different but similar learning theories together to consider environmental
citizen science within the formal school context is relevant as the situation of the experience
sets it apart from the voluntary citizen science experiences that are selected and undertaken
in non-formal or informal settings. The situation of this particular type of experience relates
as strongly to environmental education and fieldwork as it does to voluntary environmental
citizen science. ‘Learning’ as described in relation to citizen science literature focuses
predominantly on the learning outcomes that can be demonstrated and identified through, or
as a result of the experience. Acknowledging the wide range of factors that can influence the
‘outcomes’ (learning or otherwise) of a particular experience, this research seeks to locate
the environmental citizen science experience within the formal education setting that it is
delivered through. The pupils described in this research generally accessed the citizen
science experience through timetabled classes, either science or geography. This brings
with it the subject specific learning outcomes as a requirement of these courses. A small
section of pupils involved experienced the citizen science activity as part of a less formal

nurture group or eco-club. These approaches have less strictly specified learning outcomes
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(Lee, 2016), however their situation within the formal setting of the school, often delivered by
science/geography teachers, retains some of the characteristics of a school-based

experience.

Unlike widely used measures of learning outcome, the capability approach (for example,
Nussbaum, 1988, Sen, 1980) offers the opportunity to understand the potential that the
citizen science experience has to connect pupils with eco-citizenship dispositions. Sen
(1992) argues that a capability set should be context dependent, suggesting that education
is a centrally important ‘being and doing’ (Sen, 1992, p.44). Nussbaum (2011) set out what
she feels are her ‘Ten Central Capabilities’, many of which impact or are impacted upon by a
person’s experience of education and schooling. In this chapter, the experiences that are
observed and reflected upon by the participants will be considered in relation to the identified
‘central capabilities’ of Nussbaum, while also identifying eco-citizenship capabilities that are

specific to this context.

Walker and Unterhalter (2007) describe the ways in which education and learning can be
described in the capability approach. Firstly, in the reproduction of existing inequalities,
authors in this group suggest that modern schooling contributes to embedding injustices and
looks to change the structures impacting this. The second strand of research considers
schools and contemporary education as ‘transformative spaces’ (Walker and Unterhalter,
2007, p.7) in which the activities of pupils can be explored in order to challenge inequality
and injustice. The environmental citizen science experience is associated with this second
consideration. The experience itself could be considered ‘a resource’, or something which
can be utilised in the development of a capability or a capability set (Robeyns, 2017).
Alternatively, it could be considered a ‘conversion factor’, in which the resources provided by
the natural world are converted into eco-citizenship capabilities (a fuller discussion of
conversion factors can be found in chapter 6). In the three sections that follow, the learning
experiences of the participants involved will be described, suggesting ways in which they

support the development of eco-citizenship capabilities.

Section 1: Learning about

Pupils’ topic related reflections

When asked to reflect on their citizen science experience (generally around a week after the
fieldwork day), there were two sentence completion tasks in which there was a strong

emphasis on topic-related content over, for example, the more interpersonal or practical
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aspects of the day. In these sentences pupils were asked to suggest what they ‘thought

about’ and what they felt was ‘most important’ about the citizen science experience.

Content Reflection by Case

100
80
60
40

PERCENTAGE

20

Think about Most Memorable Most Important

[ SFL (n=8) Soils
OPAL (n=22) Biodiversity

MICCI (n=24) Moorlands and/or climate change

Figure 16: Topic-related content reflections, percentage of pupils by case

Table 7: Topic-related content reflections, percentage of pupils by case

Content Reflections by case Percentage of pupils recalling relevant

content by category

Think about | Most Most
Memorable Important
SFL (n=8) Soils 88 0 75
OPAL (n=22) Biodiversity 59 32 45
MICCI (n=24) Moorlands and/or climate 67 0 62 * (n = 13)
change

* The pilot group were not asked to complete a sentence about the most important to them,
they were asked to reflect upon what was most important about the moorland, to which all 11

participants responded with either habitat or carbon storage-related responses (or both).

The results shown in fig. 16 and table 7 suggest that over half of the pupils in all cases were
disposed to think about the relevant content of their fieldwork day. Furthermore, over half in
two cases and almost half in the OPAL group considered the learning content the most
important element. In the pupil’s reflections on the ‘most memorable’ aspect, the OPAL
group were the only ones who considered the learning content memorable, with a proportion
of these memories relating to the diversity and beauty of the invertebrates. This will be

considered in depth in Chapter 5.

94



Taking a situational analysis approach to this data, a relational map (fig. 17) was generated
using the responses to ‘the citizen science experience made me think about ...’, this
category was selected for presentation as it contained highest topic-related reflections

across the three citizen science experiences.

Human Impact

Environmental
Improvement -
/ Environmental Qualifications

Protection ) Helping the World
Scientific Y } ) ‘ - v
Involvement ) S T .
“oraL) . et ez [Soil
- Family / Nationality M'CC‘ — Soil Feﬁ'l"y
’ : Learning about the

Species . yd v Environment
awareness / h 4 / %
Diversity

[Climate Change] 4 - Place
/ Global Challenges

Nature CS Think About
Responses

Figure 17: Relational Map of ‘Citizen science made me think about ....” Sentence stem responses

It is clear from the wide range of topics that pupils were prompted to recall thinking about,
that the core topic-related content of each activity was only a part of the thought process for
the pupils. In the OPAL study, which was a survey of invertebrates in different habitats,
species awareness/diversity was mentioned directly by 59% of responses. Other responses
related to the scientific involvement, improving the environment and relating the experience
to their home circumstances. The Soil Fertility Legacies project had 75% of responses
include a direct reference to soil in their responses, with an emphasis on school
gualifications and the local nature of their experience also described. Finally, in the MICCI
project, which has moorland impacts on climate change as its key topic area, 67% of pupils
made a direct reference to climate change (or global warming) or moorlands. The MICCI
project stimulated the widest range of ‘think about’ topics, in particular in relation to
environmental protection and global challenges. Across all three experiences, the pupils
were prompted to ‘think about’ the impact that humans have had on ecosystems, biodiversity

and nature.
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The pupils’ reflections on human impact were often framed in negative terms, e.g., by
decreasing biodiversity, they were also framed in neutral terms, by using ‘affect’ rather than
a positive or negative statement. Where there were references to positive human impact,
they were generally in relation to helping or protecting the environment or the planet. The
way that the pupils expressed this reflects the level of responsibility that they felt in relation
to human impacts on the environment. Sometimes the pupils are present in the statement
‘how we can’, but most often it is a reference to the generic human, as in ‘all of us’. This may
suggest that the pupils are able to reflect on the role of humans in the various environmental
issues that each citizen science activity raises. It could be questioned whether they consider
this a personal responsibility or a more collective human responsibility that they have limited

control over.

Protection and improvement of the environment or the planet is an idea that is evident in
both the OPAL and the MICCI responses but not in those from the Soil Fertility Legacies
participants. This was positioned by the pupils in different ways, from very individual
expressions of concern asking what they could do to help, to expressions of group
responsibility ‘things that we can do’. There were also a number of abstracted concerns, for
example, stating the importance of conservation acts, suggesting that something needs to

be done, but not specifically by any one individual or group of people.

In the OPAL survey the pupils made connection to their home lives, with one pupil relating to
identifying tree species with her dad, and another making the comparison between the
species found in Scotland and their home country (Spain). Again, in the Soil Fertility project,
pupils reflected on a personal level with the fieldwork relating to the familiarity of the field
study site. However, in the MICCI project, there was no reference to home or family, rather
there were exclamations relating to the planet as a whole as ‘interesting’ or ‘messed-up’. The
location of the fieldwork is highly likely to have an impact on the individual vs global
perspective that pupils are able to take away from the experience, interestingly however the
two OPAL activities took place in very different locations, one in school grounds and the

other in a residential centre as part of a week-long visit.

Hayward (2012) suggests that children can experience citizenship in ways that can be
SMART, resulting in what she terms a “thin environmentalism”, or SEEDS, which can result
in a “strong ecological citizenship”. Environmental education is considered a component of
the SEEDS experiences, and the ‘think about’ responses that pupils have given in relation to
their citizen science experience can be used to explore any connection with the “strong

ecological citizenship” component, or instead the “thin environmentalism” experiences.

96



Environmental education, as Hayward positions it, should be relevant, it should reside within
a democratic society and help children to develop skills of democratic and collaborative
action. In both the OPAL and the MICCI experiences there are responses that suggest that

the pupils are beginning to consider the environmental concern,
How important nature is and no matter how small it is, it is important
OPAL School 1: Survey Response: 10.9.2019

and beginning to consider their role in changing or improving the situation. Hayward (2012)
suggests that the abstract nature of much classroom-based environmental education can
result in the challenges being felt to be “far away” from the pupils’ everyday lives, suggesting
that there should be “local places with which we identify before we can build empathy with
the places of others” (ibid. p. 97). The Soil Fertility project demonstrates that the pupils
related the scientific experience to their local setting, however the constraints of the project

did not then facilitate a widening of this to more global soil fertility issues.

Hayward (2012) stresses the importance of minimising eco-phobia and eco-trauma whilst
also enabling children to see themselves within the situation. There are some clear
examples of the overwhelming nature of the environmental challenges, in the MICCI project,
pupils were reflecting on the scale of damage to the planet and how ‘messed-up’ it is. In the
OPAL project, however, pupils were able to be more constructive, reflecting on the
importance of using resources to help and getting involved themselves in conservation
activities. This suggests that there is some difference in the emphasis of the two projects,
with MICCI offering a profound experience where the magnitude of the environmental
challenge is laid bare for pupils, while the more data focused nature of the OPAL project
provides a framework within which to consider the issue but feel that small steps towards a

resolution are possible.

Therefore, my analysis in this section suggests that participation in environmental citizen
science can contribute to the development of the capability to learn about environmental

issues. Across all cases the pupils were able to:

o Offer their own reflections and thoughts about environmental issues
o Demonstrate understanding of environmental knowledge
e Reflect on the impact of human activity on the environment in positive, negative and

neutral terms
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The formal learning context

The situation of the citizen science activities described here as being experienced through
formal schooling is the main aspect that distinguishes them from the more voluntary
approaches taken in community and adult citizen science experiences. Drawing
predominantly from the participant observations and some survey/interview responses from
participants, reflections on the formal learning context were identified in the situational map
of all three projects. This section explores the relationship between the citizen science

experience for pupils and the formal learning context.

Reference was made throughout all three cases to the formal learning context of the field
visit. In the three senior classes, the framing related strongly to Advanced Higher or A-level
projects, with an emphasis on collecting data directly for these or utlising the work of the

citizen science project to prepare them for undertaking their projects independently.

One of the aims of the session for the pupils was to critique the different
types of equipment used to collect and identify the invertebrates. The
pupils were studying A-level biology and on return to Spain would be
undertaking an independent investigation, the experiences gained on their
visit were intended to help them prepare for this. The advantages and
disadvantages of the different pieces of equipment would be identified and

made notes on throughout the session.

OPAL School 1: Fieldnotes 10.9.2019

I had a chat with the AH pupil from the other group about her AH project.
She chose soils as her project topic partly as a result of the positive
experience of the soils project last year, but also as the school has the
equipment that would enable her to complete it. Conversations with the
teacher over lunch reveal that she attributes the soils project as a major
factor in AH project choice as her confidence in teaching soils has also
improved markedly on involvement with the project and as such her
enthusiasm for the topic has increased. This has built confidence in the

topic for the pupils, who feel a soils project is one that they can ‘do well in’.
SFL Fieldnotes: 3.10.2019

The second quote reflects a tension between the selection of this topic as a result of genuine
interest or because it contains the opportunity to ‘do well’. Performing well in AH projects

was seen as a positive by both the teacher and the pupil in this particular example. Davies
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(2004) suggests that this is an important tension that is exposed when science education
and citizenship education are approached together. This is also explored by lversen and
Jonsdottir (2019), who identified a tension between environmental citizenship and ‘doing
schooling’, in which the practice of engaging with a local controversial environmental issue
within science education enabled pupils to debate and discuss the issue with local decision-
makers. However, the school-focused nature of the assignment being a graded group-work
project returned the pupils to a performative exercise in which achieving a good grade was
prioritised by some. This was also evident in the teacher reflections of their reasons for

getting involved in the Soil Fertility Legacies project.

| think that the big motivating factor for me was, | could see how it was

related to the curriculum.

We are gauged on our results and the soil projects assignments have

been some of the more high-scoring ones that we’ve done.
Participant Interview: SLF Teacher 15.12.2020

This reflects the value that this particular teacher put on the curricular connection and the
potential for the project to improve the exam results of the pupils by utilising the experiences
gained in the citizen science project. She went on to describe the need for any citizen

science project to be directly related to the formal curriculum.
Interviewer: It has to be, it HAS to be curricular?

Participant: Yeah, it has to be, | mean, as much as | would love to say,
let’s go and do this you know, unfortunately if it is not related to what they

are doing in the exam there is just is no time for it.
Participant Interview: SLF Teacher 15.12.2020

In arguing for a renewed approach to curriculum, Wals (2022) highlights the need for ‘spaces
in between’, where both teachers and learners can follow alternative pathways than are
typically found in contemporary, mainstream approaches. The scientists involved also
reflected on the constraints of the formal school curriculum, working to overcome these

helped them enable schools to get involved more easily.

Not being a teacher and not being in the schools, I'm not there around
curricular planning and timetabling and all these things that | know they’re

trying to deal with, but | know what | can do is put into place that flexible
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approach to make things as admin light as possible, to make it as relevant

as possible
Participant Interview: MICCI Scientist AC: 2.11.2020

Embedding citizen science experiences fully within the formal curriculum was seen by one of

the scientists as a solution to the challenges faced in implementing the MICCI project.

I think if it was in the curriculum that would solve all the problems, like if it
was actually in there is something they should do as part of their
curriculum. Take part in a citizen science project, you know, it would be

something that would help.
Participant Interview: MICCI Scientist JW: 12.11.2020

While this suggestion may overcome some of the recruitment and operational challenges
faced by the scientists, it risks any citizen science experiences becoming another ‘tick-box’
activity. Rather than opening up the opportunities for pupils involved in environmental citizen
science to explore the uncertainty of scientific learning, as Davies (2004) supports, this may
reduce the risks that teachers would be willing to take, re-enforcing the need to ‘achieve’

results, thus diminishing the potential eco-citizenship capabilities invoked in the process.

Learning about environmental issues is an important component of environmental citizenship
(Berkowitz et al (2005), Jenkins (1999), Schild (2016), Schusler et al (2009), Short (2009)).
The experiences observed and described by participants in this research reflect the
importance of this within the environmental citizen science experience. This supports the
capability to ‘imagine, think and reason’ (Nussbaum, 2011) in relation to environmental
issues and the impact that humans can have on the environment. This research has found
that while topic-related content knowledge is dominant in the reflections of both the pupils
and the adults involved, these are only part of the experience. It can therefore be suggested

that the environmental citizen science experienced as described here, supports:

The capability to learn about environmental issues.
Section 2: Learning to do

Environmental citizen science experiences offer pupils the opportunity to engage in scientific
enquiry processes with a particular purpose beyond classroom learning. The common
experience of school, lab-based scientific experimentation has been described as a
‘cookbook approach’ (Trumbull et al, 2000), in which pupils follow step-by-step instructions

which present scientific enquiry as ordered and somewhat sterile. Leon-Beck and Dodick
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(2012) found that novice researchers in ecological studies struggled with what they term the
“‘dynamic tension between students’ idealized research protocols and the reality of the field”
(ibid. p. 2475). They suggest that experience in uncertain, complex field environments can
help prepare students for the challenges of authentic field research. Hodson (2003)
proposes that “engaging in and developing expertise in scientific inquiry and problem
solving” (ibid. p. 658) is one of the key components of an effective science curriculum. He
suggests that ‘real world tasks’ should be utilised to develop and build confidence in these
components. This section considers two strands of practical learning in science, ‘learning to
analyse’ and ‘problem solving’ that were observed during the fieldwork day and reflected

upon afterwards.

Learning to analyse

The pupil’s engagement in the process of analysing and recording results accurately was
observed on the fieldwork days, with many questions from pupils across all three projects
directed at teachers and scientists around identifying the ‘correct’ response to complete their
record sheets. This prompted detailed discussions between the pupils and the scientists
which made the analytic process more visible to the pupils. The following excerpt is an

example of a typical discussion;

Flattening the soil sample, “Try to roll it into a ball” instructs the scientist, “It

won’t go.” Reports the pupil. “Press for a thumb print?” “No, not really.”

“This one is a bit different” reports a pupil, “there are always differences

from the norm” reassures the scientist.

“Does it smear?” “No” “Smearing means there is silt in the sample”

explains the scientist.
A pupil rubs the sample between their fingers, “I've lost my soil”

“If there are grains then it means there is sand present” the scientist
explains. “It is dusty.” Reports a pupil. “What we have is a sandy clay loam

with some gravel” declares the scientist.

“This is more sandy than the last one.” A pupil compares samples of the

same soil horizon.

The group are attentive and focussed on the task throughout their

analysis. Once they have completed one horizon with the concentrated
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help of the scientist, they become more confident in attending to the next

horizons.

“This has more clay in it,” suggests a pupil, the scientist counters with

”

“organic material can sometimes behave like clay, but look at the colour.
“Oh, that’s pretty powdery.”

It’s just really cold. You can roll it into a ball”

“Oh, my hands are so mucky.”

There is a brief chat about the bus they got to come from the school to the
site, which also involves some extended discussion about the buses to
and from school breaking down and the poor quality of the roads in the

area.
“This sample is silty rather than sandy”

All four pupils are involved in the discussions, there is a co-operative and

supportive atmosphere.

SFL School 1: Fieldnotes 3.10.2019

Reiff-Cox (2020) suggests that the traditional ‘step-by-step’ scientific pathway is a

misrepresentation of the complexity and variety of scientific enquiry. Engaging pupils in

detailed analysis in the field, supported by experts, enabled them to experience diverse

scientific experiences and work through the challenges that this brings. Reflecting on

Nussbaum’s (2011) central capability to use ‘senses, imagination and thought’, the pupils,

though novices in the field, have the opportunity to use their senses to observe and touch

the soil samples. They are then supported to expose their thinking processes and

challenged to reconsider without judgement. This process was observed in different ways

across the cases, for example.
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A discussion took place in relation to counting dead organisms. Some
pupils had counted dead organisms and some had not, there ensued a
discussion about the importance of agreeing issues in advance of
sampling as it would be difficult to recount. The importance of accuracy in
the scientific process was emphasised. The group leader suggested that
dead organisms would not generally be counted with the exception of

organisms trapped in a spider web.



OPAL School 1 Fieldnotes 10.09.2019

The need for accuracy in reporting was emphasised, a reminder to pupils that the data that
they were collecting had a destination beyond their own immediate observations. The data
collected would be used by the pupils later in the day, and if submitted, by scientists in
another organisation, as such the ability of the data to be actually used was important to
these pupils. Lab-based analysis was a follow-up to the fieldwork day for two cases,
extending and deepening the investigations that could take place. The analysis that took
place in the field was limited in all groups, the intention to analyse the results was present for

all the groups but whether this was followed up depended upon the teacher.

Back in the classroom there was a session where the pupils calculated the
biodiversity index of the three habitats in order to compare them. The
pupils settled to this task quickly and with confidence, only one group had

to start again and were last to contribute their results.

The results showed that the soft ground had the highest biodiversity index
and the human impact had the least. The natural space, which the pupils
hypothesised would have been highest, was in fact in between. This
prompted a discussion over ways of managing landscapes for biodiversity
and a description of the green roof on the accommodation block as an

example of this.
OPAL School 2 Fieldnotes 10.09.2019

Moss et al (1998) found that a lack of involvement in analytical processes was a frustration
for pupils engaged in project-based learning, with this having a negative impact on their
perceived value of the experiences. Jorgensen and Jorgensen (2020) suggests that moving
participants from thinking about the data collected as a single experience towards
understanding the meaning of their data in relation to wider environmental issues is “one
pathway for connecting local citizen science to global environmental citizenship” (ibid. p. 3).
The central capability to apply ‘practical reason’ (Nussbaum, 2011) can be drawn upon here.
While participation in the citizen science projects described here enabled the pupils to
collect, analyse and record data in the field (to varying degrees), there was less emphasis in
these cases on engaging critically in experiences that influence their conception of what they
feel could be ‘good (for the environment)’ in their own lives. Thus ‘practical reason’ was
applied to the citizen science practice but only partially applied to the pupil’s relation to wider

environmental issues.
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Problem solving

The (predominantly) remote and isolated nature of the fieldwork experiences meant that
when equipment failed there was not another one to hand, or a technician’s office around
the corner to source a replacement, as there would be in a school classroom-based lesson.
This resulted in some challenges for the pupils which they used creativity and alternative

materials to overcome;

The girls found the weather vane broke as they were attempting to
assemble it, one of the girls found a bobble to successfully mend the
equipment. There was some uncertainty from them about the tasks, but
their success in fixing the weather vane gave them confidence in figuring

out how to collect the data that they needed.
MICCI School 1 Fieldnotes: 9.5.2019

Taylor (2008) found that both scientists and educator agreed on the importance of creativity
and critical thinking skills in science education, while Abrahams and Miller (2008) critique the
‘recipe’ approach to scientific investigations typically conducted in schools as not enabling
pupils to make links to the learning content. It is possible that the challenges and ‘problems’
experienced within the citizen science experience have the potential to be positive learning
opportunities for the pupils. One of the scientists described their role in stepping back and

enabling the pupils to take the lead in many of the decisions of the day;

Participant: there was times when you’re just like ‘is that the best way to do
that?’, you know, ‘have a wee think here, where are you going to take your
sample from if you’re standing there and you’re taking it downstream, you
know, why don’t you think about think about taking it upstream?’ Just wee
things like that, just observations, and | think giving them, empowering
them, so handing over stuff because we weren’t going to touch it, that’s

your GPS for the day, I'm not touching it again,

S0, you lead us to the site, oh okay, problem solving, you know, not just

expecting us to take them from a to b and get on with it.

Participant Interview: MICCI Scientist AC: 2.11.2020
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This suggests that some of the criticisms of the ‘data sensing’ approach to citizen science
may be mediated by creative input of the scientists, emphasising the importance of
scientists, teachers and pupils working together to develop citizen science projects that meet

the needs of all involved.

It was recognised that learning in unfamiliar settings had the potential to be challenging for
the pupils, as such the scientists reflected on the importance they placed on ‘getting it right’.
Two of the projects in this study were relatively new to all involved and as such the

evaluation and subsequent evolution of the projects were described.

| think it is quite a difficult thing to get right, to do it properly and get right
and if we can help in any way, shape or form then we can do that. | think in
also in the first year, we also did not exactly a lecture, we did a class
session, is what I'm trying to get at, a class session explaining what soils
were and what they were about. We didn’t do that in years two and three
because we kind of decided let’s keep it more practical and we can pick up

those things as we talk about, potentially in the field.
Participant Interview: SFL Scientist 5.12.2019

Balancing the in-class and fieldwork experiences of the pupils was felt to be important to the
adult respondents. Research into fieldwork and environmental education (Cook, 2010;
Rickinson, 2001; Glackin, 2016, among others) suggests that situating the environmental
component within a series of learning activities involving both classroom-based and
repeated field visits, is more effective than a one-off, novel event. This will be revisited in the
‘Learning together’ section (p. 109).

Saunders et al (2018) suggest that implementing environmental citizen science experiences
can provide opportunities for pupils to engage in ‘real’ scientific enquiry. Contributing to
scientific research is one aspect of this. In this research, authenticity was mentioned by both

teachers and scientists in relation to the learning experience,

They (citizen science projects) provide very good case study examples

and ‘ready-made projects’ that apply to real world situations

Participant Survey Response (why choose citizen science projects with class):
MICCI Teacher RY: 7.11.2020

Because it makes them realise actually the practical applications, the real-

life applications of what they are learning and you know what, this has
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been great at saying right, yes we have our textbook soil profiles, like
here’s what a podsol is supposed to look like, here is what a gley is
supposed to look like, but actually in real life, things are a bit messier than
that. So, for them being able to see that and it not just be like, okay this is

what it has got to be like, is really useful for them

Participant Interview: SFL Teacher: 15.11.2019

The students love the opportunity to have a “hands-on” chance to take part

in such projects.

Participant survey response (any further comments): MICCI Teacher LR: 8.11.2019

It's an it's an opportunity for them to experience real, hands-on, scientific
work that that that realistically, you know, people are doing out on the
moors in the Peak District, in the South Pennines, you know they're out

measuring dip wells and they're doing that.

Participant Interview: MICCI Scientist JW 12.11.2020

Glackin (2016) found that the ‘success’ (based on observed programme enactment) of

outdoor learning experiences was associated with teachers who valued a level of

authenticity in science learning. This meant that the outdoors was treated as a learning

environment and actively engaged with as such rather than ‘treat’ or a ‘day out’. Paige et al

(2010) described the impact of a citizen science project focused on magpies on primary

school pupils, they found that the connection between the scientific content and their

experiences in the local area, gardens and parks engaged pupils in a meaningful way. It also

enabled a wider range of curricular connections to be explored which embedded science in

‘real-life’ rather than as an abstract concept. The process of replicating an authentic scientific

experience for the pupils was described by the SFL scientist.
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We kind of do most of that background preparation in terms of looking at
the map and see what we’ve got and all the rest of it but once we get out in
the field, the sampling approach based on some transects which we’ve
done, or a sampling approach based on knowledge of particular locations,
based on that kind of background which could explain a little in the field,
that is pretty much what we do, the, we dig the holes the same way, we
endeavour to describe the profiles in the same way, we use the Munford

charts, we use the standard texture classes, we look at structure. We



sample systematically all of that we would do normally, when | say

normally that’s what we would do in the field.
Participant Interview: SFL Scientist: 5.12.2019

Whilst the authenticity of the experience and the contribution to scientific enquiry were less
prominent in the reflections of the pupils than the adults, there were some examples of
reflections which suggest there was a value to actually experiencing phenomena over the

classroom experience.

Soils aren’t so clearly defined as we learn in the textbooks (we couldn’t

figure out the gley sails)

Participant survey response (most memorable): SFL Pupil SR: 5.12.2009

I didn’t even know what a moorland was until we got introduced to the

project and | thought it was going to be a lot wetter than it actually was.

Participant Focus Group Response (changed understanding of moorlands): MICCI
Pupil C: 05.2019

Some reflections on the challenges of identifying ‘real’ examples using textbook information

was also identified in the participant observations.

The group return to their analysis, identifying the A1/A2 and B horizons.
There was a little discussion over the absence of an AO horizon which is

the organic element that the pupils would see in a textbook soil profile.

“Oh, so it is a podsol!” There was a positive response to the recognition of
the soil.

SLF School 1: Fieldnotes 3.10.2019

Anker-Hansen and Andree (2017) suggest that authenticity in science learning occurs when
it becomes meaningful to the pupils, and as such the pupils and teachers may have different
understandings and appreciations for the ‘authentic’ nature of the citizen science experience.
That this type of reflection was much more common coming from the teacher and scientist
interviews than the pupils suggests that they are more aware of the potential impact of the
authentic nature of using outdoor learning, and of the challenges of doing so. Participation in
truly collaborative, or co-produced projects may increase the visibility of the authenticity of
the experience to pupils, and provide opportunities to engage in projects important to

themselves and their local communities. In their reflections on what had been ‘most
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important’ about their citizen science experience, some pupils described an increased
awareness of projects tackling environmental issues. Some authors suggest that
environmental citizens are those who are able to ‘analyse the reasons for, and the solutions
to environmental issues (Schindel Dimick, 2015; Berkowitz et al, 2005; Hobson, 2013;
Schusler et al, 2009; Short, 2009). Furthermore, Duggan and Gott (2002) argue that
anchoring ideas such as uncertainty and reliability in scientific enquiry within local or topical
issues allows science education to move away from an emphasis on content towards a
consideration of how a ‘citizen’ could act in response to findings. This research found that

pupils were able to experience scientific enquiry in an authentic manner, supporting:

The capability to sense, analyse and reflect on environmental issues using scientific

enquiry skills (and tools).

Section 3: Learning together

In building the messy and situational maps of the different projects and fieldwork
experiences, the importance of relationships was consistently evident. This area was
selected to more deeply consider, and as such, | generated a number of social-worlds maps
which reflected the intersection of the teachers and environmental scientists/educators
WITHIN the environmental citizen science arena. Building (and re-building) these maps
enabled me to identify and arrange competing priorities of the social worlds and arenas. This
prompted them to be considered in relation to my research questions and the different
challenges to be identified. As Sousanis (2015) suggests, arenas can be considered sites of
battle, or alternatively as a ‘dance floor’ with a shared purpose but different approaches,
opportunities and constraints. Drawing on Nussbaum’s (2011) central capability to apply
‘practical reason’ to decisions about the future, the participants involved described conflicting
priorities. Despite a shared intention to act positively for the environment, in an eco-
citizenship context, these challenges threaten the viability and sustainability of citizen
science projects in schools. The segment of the map that | have included here (fig. 18)

extracts the four key arenas and two social worlds that have been explored in this research.
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Figure 18: Social worlds map of the citizen science experience across all cases

At the confluence of these four arenas, the social-worlds of the teachers and the
environmental scientists overlap with pupils (P) positioned in the centre of this map. In the
participant interviews, both the scientists and teachers were asked to describe how their
involvement in the citizen science project had come about and to reflect on the challenges
and opportunities that they experienced. The relational experiences of the pupils observed
during the fieldwork days and reflected upon in the survey responses will be drawn upon
here also. These findings will be presented in two sections, firstly, those relating to the
relationships between the pupils, the scientists and the teachers, and secondly, the
organisational priorities of the social worlds of formal education and environmental education

which can both support and inhibit their involvement in citizen science.
Relationships

The seventh of Nussbaum’s (2011) central capabilities is ‘affiliation’, or the capability to “live
with and towards others” (ibid. p. 34). Participating in the environmental citizen science

experience offered many opportunities for the pupils, teachers and scientists to relate to one
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another in a manner that appeared somewhat different to formal school-based relationships.
The relationship that the scientists have with the teachers involved was reflected strongly in
the interviews as important. In one of the interviews a reciprocal relationship was described,

with each recognising and valuing the contribution and experiences of the other.

Knowing that you have got a professional relationship with the teachers in
the schools, you know that’s valued, that’s so important, because when
new things do come up or opportunities or projects or partnerships, you
know, we know we can, we can go to those and say, you know ‘there’s an

opportunity here’.
Participant Interview: MICCI Scientist AC: 2.11.2020

This was described as particularly important in relation to the MICCI project, which was
perceived as new and different, and as such the school groups involved would need to be
prepared to be flexible and learn with the project. This is in contrast to the typical school visit,
which was felt to be more characteristic of the approach that OPAL enabled, in which the

citizen science experience could be adapted to the particular needs of the school.

30 (pupils) running about with tape measures, or you know, and that’s fine,
both of those are of equal importance, but you know, but MICCI is the,
OPAL can'’t do what MICCI does

Participant Interview: MICCI Scientist AC: 2.11.2020

This suggests that when projects (like OPAL) can be run by schools with little input from the
science/ranger teams, there is a perceived difference in the schools that may be able to get
involved in a more complex project (like MICCI). This may serve to inadvertently limit school
involvement in these projects, but may also limit disappointment or disaffection if the project
is not experienced ‘fully formed’. However, one of the teachers involved in the MICCI project

suggested that the ease of involvement was a key factor in their involvement;

Things that are already planned and easy to partake in as the MICCI

project was.

Participant Survey response (what would encourage you to engage with CS?):
MICCI Teacher 1: 7.11.2020

Suggesting that, in this case at least, the teacher saw a more ‘polished’ experience than the

ranger team involved perceived.
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The wider school ethos was also important to the teachers and is reflected in the awareness
of the scientists, for example, the perception of the project to the senior leadership was

considered of value in the Soil Fertility Legacies project.

It hasn’t just been (the teacher), we've had conversations and discussions
with the headteacher, so he’s been very, indeed he’s been out in the field
with us in the first year, he has been very, very supportive as well, so that’s

very, very positive.
Participant Interview: SFL Scientist: 5.12.2019

While the relationships with individual teachers were described as important, one of the
participants suggested that there is a risk to the school involvement in the project when key

teachers change role or move on.

There's personal investment from the teacher, then that can be a
challenge and if that teacher then leaves the school that relationship I've
had. I've tried to get in touch with the school and that teacher’s gone.
Nobody really knows or really cares very much about that project and that

relationship then ends, so that’s quite a challenge.
Participant Interview: MICCI Scientist: JW: 12.11.2020

This reflects a challenge relating to the sustainability of environmental citizen science, as
part of a formal curriculum in which it remains an add-on, rather than an integrated
component. In Scotland, the policy context of Learning for Sustainability (LfS) provides
pupils with the entitlement to ‘high quality outdoor learning’ throughout their school
experience. However, in practice this is challenging as the cross-curricular nature of LfS is
complex and ambitious, and as a result can be intimidating and confusing to those
attempting to implement it. Christie et al (2019) suggest that competing curricular priorities,
and financial and time constraints contribute to a lack of awareness and impact of LfS in
schools. Sustainable relationships between scientific and environmental organisations and

schools are one part of addressing this challenge.

The relationship between the scientists and the pupils was also felt to be important to the
adults involved, the ability to connect with young people and help them to make connections

with the natural world was discussed by all of the scientists.

Participant: there’s a bit of an imperative to kind of pass it on you know, so

(laughs)
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Interviewer: To get some of that enthusiasm into the next generations

Participant: Yes, yes, absolutely, so it’s passing it on is one of the key

things, so that’s an undoubted benefit.
Participant Interview: SFL Scientist: 5.12.2019

The citizen science experience was described in the sense that it provided a vehicle, an
opportunity (an excuse) to do this. The relationship between the ranger/scientist and the
pupils was felt to offer an opportunity to engage and inspire the young people, but to also
give them room to explore and discover for themselves. Relationship building, to those
involved here was therefore important in achieving not only content related learning goals,
but also in building confidence and enjoyment into the citizen science experience. The pupils
also reflected on the importance of working together and solving problems as a team. In their
reflections on what had been ‘most memorable’ about the fieldwork day, a small proportion
of the MICCI and OPAL groups (21% and 9% respectively) reflected on interactions with
peers, while in the SLF group peers were involved in half of their ‘most memorable’

reflections.

Keeping my friend’s moral up when it got cold and working as a team to

solve problems, putting the string into a square.
Participant survey response (most memorable): MICCI school 2: 31.10.2019

In the participant observations, the interaction between the pupils and the adults involved
demonstrates how the scientist supports the pupils to make decisions about their data

collection;
“That was a good bit of discussion” the scientist complimented the group.

“Is that loamy sand?” asked a pupil, “I'm not against that” responded the

A1

scientist, “‘that’s a yes then”, “you need to make your own decisions.”

[...]

“Does something feel blocky, or look blocky?” “looks blocky” The group

return their focus to the task.

“Everyone grab a chunk”, one pupil suggests, and a soil sample is passed

around to the group to decide the nature of the sample.
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P 11

“This is democracy’”, “see bringing politics in again”. The group took a vote

to establish their consensus on the structure of the soil sample.
SLF School 1: Fieldnotes 3.10.2019

A component of environmental citizenship proposed by some is ‘working with others to
reduce the human impact on the environment’ (Schindel Dimick, 2015; Schild, 2016; Chawla
and Cushing, 2007). The intergenerational learning opportunities and the inter-action
between the different peer groups increased affiliation and social cohesion. The pupils had
the opportunity to interact with teachers in a different context to school and with scientists
and volunteers’ who brought a new perspective to their learning experience. In working
together to determine the outcome of their investigations, guided and prompted by the
scientists and teachers involved, the pupils were supported to develop eco-citizenship
capabilities of collaboration and affiliation.

The role of adults in guiding and prompting such discussion was visible across all the
fieldwork days. The scientists and volunteers were different to the teacher, ‘new’ to the
pupils and provided a novel perspective. Hoskins et al (2012) found that talking with peers
and adults (teachers and parents) significantly influenced the participatory attitudes to active
citizenship across five survey cohorts in Europe. Their research found that this effect was
greater even than actual practices of citizenship, volunteering or school council participation,
for example. Where scientific concepts were engaged with by pupils in my research, the
developing understanding was frequently supported by the discussions between pupils and
the teachers/scientists and volunteers. Regular prompts from the adults brought the pupils to

consider the data that they were collecting and it's meaning in relation to the topic.

They (the pupils) showed good retention of the chat we had had the
previous day. Remembering why the moorlands were important, what they
were made from, what the impact upon climate change and what their role

in that was.

MICCI School 1 Fieldnotes 9.5.19

The pupils responded well to questions about climate change and the

impact of the moors in mitigating flooding.

MICCI School 2: Fieldnotes 31.10.2019

When the meaning of the different ratings on the soil guide were

explained, the teacher also related this to the information that would be
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needed in their Higher exam. The AH pupil couldn’t remember having

done that in the exam, but did remember referring to it in his project.
SFL Fieldnotes: 3.10.2019

The teachers also recognised the value of having ‘experts’ contribute to the pupils learning
on the day, but suggested that all experts are not equal when it comes to working with

pupils, with one complimenting the ranger team involved in their particular activity.

I felt like having the [...] ranger team were brilliant, really, really good, they
knew what they were doing, they knew how to interact with the kids in a
really positive way, which was brilliant yeah, and that’s not always the case
sometimes you get people in from different organisations and they’re
brilliant at what they’re doing and what they’re saying, but they don’t know
how to portray the information very well to the kids, so actually this whole
experience has been really brilliant for that and they were really good at
like, they were like the experts, you know, usually the kids will say to me
‘miss what’s this’, I'm like I'm not sure, so having them there was really,
really useful and they were able to tell us this is this species, and, really,

really useful, couldn’t have done it without them | don’t think.
Participant Interview: MICCI Teacher 1: 15.5.2019

The role of the scientists in building the confidence of the teacher was identified as a key
strength of the Soil Fertility Legacies project, particularly noting that the teacher in question

was not experienced in this area of the curriculum.

I have zero knowledge about soil, it was not anything | ever did at Uni, it
was nothing | ever did as a higher pupil myself and it was my least

favourite part of the course ...

It has been a complete learning experience for me, | mean, I've learned so
much more about this and what’s great has been kind of, learning along
with the kids. You know, | am quite open about the fact that, they know
that I'm not the expert on this and that I'm learning as they are learning,

which is great in some ways.
Participant Interview: SFL Teacher: 15.11.2019

The scientists also reflected on the limitations of some aspects of the school experience of

the citizen science projects and the need for scientists to provide support to meet this need;
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What we’d like to see is the schools taking more of an involvement in
doing that analysis and ownership of the data and putting the data in and

understanding a bit more about the project as a whole.

Participant Interview: MICCI Scientist LW: 22.5.2019

It's not something you could do self-led and that you need, you need that
package and that's expert and the equipment to have the, the whole

experience.
Participant Interview: MICCI Scientist JW: 12.11.2020

The opportunity to engage in pre-and/or post-activity learning was considered to enhance

the experience by both teachers and scientists.

Actually, speaking to them about that beforehand | think, was really good

and really useful, and then it kind of put it into context.

Participant Interview: MICCI Teacher 1: 15.05.2019

You're trying to get them to understand the how peat forms and why that's
important and how this a whole lot environment is working and | think that
is all dependent on the teacher and whether they've had some prior
understanding, so | think you know that could be a negative that there's a
bit too much information to take in as well as learning the approach with
the equipment. So, | think some prior, some post coming out engagement

would probably remedy that.
Participant Interview: MICCI Scientist JW: 12.11.2020

The importance of teachers and citizen science practitioners working together and taking
pedagogical approaches into consideration was reflected upon by both the teachers and the
scientists. The suggestion that positioning the citizen science experience in a wider
educational and global context may result in a fuller, deeper learning experience was
explored, one which allows space and time for both the conceptual and the practical learning
components of the experience to be fully realised. Peacock and Pratt (2011) suggest that the
use of structured worksheets in non-school based learning settings can narrow the focus of
the pupils and not encourage them to actually see and consider the wider experiences that
the unique learning setting affords. Utilising a scientific protocol as a ‘worksheet’ may have a
similar impact on the citizen science participants. From the scientist perspectives, the

practical experiences were considered a structure to hang important messages or key
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concepts on, however there was an acknowledgement of the challenges that pupils may find

within the experience.

It's a really good scaffold, as a framework to hang the key messages on
that we want to get across to people, and | think that works really well. So
as a practical experience for people, that that's very engaging. Whereas if
you just actually just trying to speak to them about those issues, it just

loses context slightly.

It's hard to differentiate. So, if you've got a pupil that is going to struggle to
take on some of these concepts ... That's hard to differentiate, and | think

that's another thing that some pupils might find a bit challenging.
Participant Interview: MICCI Scientist JW 12.11.2020

This reflects the challenge that teachers face in building opportunities for pupils to
experience engagement in scientific processes in an authentic manner within the
performative environment of the school setting, as described by Jeronen et al (2016).
Highlighting some contradictions between the learning experiences of the pupils and the

needs of the courses within which the citizen science experience took place.

In summary, the interactions and purposeful, positive relationships between the pupils,
teachers and scientists involved was a significant and memorable part of the environmental

citizen science experience for the participants in my study.
Competing and converging organisational priorities

The situation of the scientists and teachers within their respective organisations was
reflected upon in many of the discussions. The contribution of the citizen science project to
the organisational priorities was key to all participants, meeting and connecting with
organisational priorities offered an opportunity to raise that value of working with schools to

the wider conservation teams.

Participant: some of the projects in our biodiversity action plan ‘Wild Park’

wouldn’t happen if it wasn'’t for the volunteers contributing that data

Participant: we obviously have our priorities that we want these projects to

fit in with as well, so it’s trying to get a bit of ...

116



Interviewer: a balance?

Participant: a balance.
Participant Interview: MICCI scientist LW: 22.5.2019

For example, for one of the scientists, there was a feeling that the findings of the project
would be useful to the peatland restoration teams and therefore would enhance the standing

of the project across the organisation.

We've got four key biodiversity threats in our new Biodiversity Action Plan
and one of those is climate change, and doing the MICCI project is going
to give not only results in terms of how the climate is affecting the
peatlands, but also the other way around, it will give us information on
what’s happening with the peatlands particularly on sites in the future that
are being restored and how that is changing in terms of vegetation and the

carbon.
Participant Interview: MICCI scientist LW: 22.5.2019

However, the risk that a project fails to meet evolving organisational priorities makes
adoption and continuation a challenge. The resource implications facing the organisations
and individuals involved mean that capacity to develop meaningful citizen science projects

alongside schools is considered a dream rather than a reality.

Obviously, we have to think about, everything that we do and making it
relevant to our work and to the place, and so that’s where | have to sort of
get my hat on, the direction the park is taking obviously around climate

change work and so on

We have to work with those partners (landowners), what are they doing,
you know, where are they taking their, what’s their organisational priorities,
what are they looking at for their site, is there ways that we can help with

that? So, all those things have to get you know, sort of, aligned.
Participant Interview: MICCI Scientist AC: 2.11.2020

Acknowledging and working with the structures of the school were important to the
scientists. They recognised that the schools had needs and challenges in relation to
timetables, transport, the resources and time available and were keen to support the

teachers in overcoming these challenges. Teachers quoted time constraints as their biggest
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barrier. The reflection that it is essential to make things as easy as possible for schools to be
able to get involved in a project of this nature illustrates the challenges that environmental
scientists face in working with young people through formal education settings. The benefit,
as explained by two of the participants, is that the school pupils represent a more diverse
population than they are typically able to engage with, and as such offers the scientists the
chance to make connections with people for whom the environment, and environmental

issues are seen as ‘not for them’.

| think that you know school engagement’s really important because, it's
not, it's non-biased, so it's literally everybody who is in that class will do
that activity, whereas if you engage with scouts or guides or you're only
getting that specific type of young person, whereas if you deal with the
school, you getting all types of young people so, in terms of diversity and

reaching diverse audiences, it's the best way to go.
Participant Interview: MICCI Scientist JW 12.11.2020

Competing organisational priorities were also a concern:

Generally, engagement, it does struggle at times to come into its own and
to be valued as how important it is as part of the whole conservation
progress, and that is, it's getting better, but you know it is, it is a challenge
for people to justify engagement at times, and | think that in my opinion
every project should have built in engagement as part of that project and
that is, it's becoming better, but you know, it still is still a you know, still a

difficult situation.

I think it's just kind of one of the challenges people probably faces thinking
about the, the logistical side of it, health and safety side of it, you know,
health and safety alarms going off for certain reasons might put people off,
so if there was an element of you know. Also, not from my perspective, but
some of the ecologists might be a bit protective in terms of not
encouraging people to go to look for certain species and also not

broadcasting the locations of certain species.

Participant Interview: MICCI Scientist JW 12.11.2020
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Resources, including workload and budget was identified as a key challenge to the running
and sustainability of the projects. There were also a number of practical challenges,
including transport, clothing and experimental equipment which were felt to be barriers to the

successful operation of the project.

Interviewer: things that would prevent you from actually engaging with a

citizen science project, what would they be?
Participant: time, resources, capacity, relevance, head-space,
Interviewer: Absolutely

Participant: em, yeah, it has to be of relevance to the place, you know

Interviewer: absolutely, so if a school had an idea for a citizen science
project came to you, would that be something that you would be able to

support?

Participant: oh yeah, without a doubt, and again just making sure by
having a conversation that those types of parameters that we can work
within

Participant Interview: MICCI Scientist AC: 2.11.2020

I think with a bit more resource devoted to it, | could have expanded it to
include more groups and new groups. Unfortunately, that resource isn't

there at the moment

Participant Interview: MICCI Scientist JW 12.11.2020

The negative is that the time has to come from somewhere, you know so
something that used to take, | mean I’'m not kidding literally four lessons,
now takes you know, it takes those four lessons because obviously we
have do the theory, but now we’ve got the time the fieldwork takes, the
time the lab-work takes, so that has to come from somewhere. Which is a
downside, but | think the experience they’re getting, it more than makes up
for that.

Participant Interview: SFL Teacher: 15.11.2019
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It’s not necessatrily time that they university recognises

at the end of the day, will | get my ref 4* paper out of this, almost certainly
not, so how do you kind of square that kind of rubric, but that said, if part of
your job in the university is about doing research which you then translate

into education programmes, | think that’s essentially what we’re doing

We've got responsibilities here yeah, so | can kind of pitch up, but | kind of
need that in place | think, there has to be something there to be able to say
we can continue. So, the sustainability thing is a big question, how you

make it work with expectations and longer term?
Participant Interview: SFL Scientist: 5.12.2019

The resource-based barriers to participation in citizen science projects echo those described
in relation to schools engaging in outdoor fieldwork and environmental education more
generally (Kollmuss and Agyeman, 2002; Fiennes et al, 2015; Christie et al, 2019 and
others). However, the strongly relational nature of the citizen science experience has the
potential to enable pupils to engage with elements of environmental citizenship, namely
‘contribute to debates and discussions about environmental issues’ (Dobson, 2007; Hobson,
2013; Schusler et al, 2009). Davies (2004) also reflects on the importance of debate and
discussion in science education for citizenship. This research found that, despite resource
related challenges and the competing priorities of conservation and engagement, the
environmental citizen science experiences described here provided opportunities for the

pupils to work collectively to support;

The capability to learn together, sharing experiences and understandings of the

environment, and environmental issues with peers and adults.

Chapter 4 Conclusions

Through analysing the environmental citizen science activities experienced by the
participants in these cases, | can say that participation offered the opportunity to develop the

following eco citizenship capabilities.
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The capability to learn about environmental issues and consider the impact
humans can have on the environment. This was supported by opportunities for
pupils to demonstrate their understanding of environmental concepts and issues. The
pupils were encouraged by teachers, scientists and peers, to reflect on human
activity on the environment during their fieldwork encounters. Offering their own
thoughts and reflections on environmental issues demonstrated the important role of
citizen science experiences in making space for these important conversations and
reflections.

The capability to sense, analyse and reflect on environmental issues using
scientific enquiry skills. This was supported by opportunities for pupils to engage in
authentic scientific enquiry. The importance of collecting, analysing and recording
data accurately was emphasised throughout the citizen science activities.

The capability to learn collaboratively, through shared experiences and
meaning-making with the environment alongside peers and adults. This was
supported by opportunities for pupils to work together to solve problems in an
authentic situation. Teacher and scientists were able to collaborate and support each

other to enhance the learning experience for pupils.



Chapter 4: Findings summary

In my analysis, | have shown that participation in environmental citizen science can
contribute to the development of the capability to learn about environmental issues, and
consider the impact humans can have on the environment. Across all cases the pupils

were able to:

o Offer their own reflections and thoughts about environmental issues
¢ Demonstrate understanding of environmental knowledge
¢ Reflect on the impact of human activity on the environment in positive, negative

and neutral terms

The formal curriculum was observed to be a consistent frame of reference for the

fieldwork experiences.

In my analysis, | have shown that participation in environmental citizen science
contributed to the development of the capability to sense, analyse and reflect on
environmental issues using scientific enquiry skills. Across all cases, the pupils in my

study:

o Were observed engaging in data collection, analysis, and accurate recording of
results.

¢ Reported that they were able to experience scientific enquiry in an authentic
manner.

o However, the role of authenticity in the experience and its contribution to scientific
enquiry was less highly valued in the reflections of the pupils than those of the

adults.

Observations and participant reflections showed me that participation in environmental
citizen science can contribute to the development of the capability to learn collaboratively,
through shared experiences and meaning-making with the environment alongside peers

and adults.

The descriptions of converging and diverging organisational priorities by the adults
involved reflect opportunities and challenges to the implementation and operational

sustainability of school-based citizen science projects.
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Resource issues such as workload and funding challenges are shared by the
citizen science providers and schools.
The priorities of conservation practice and research can be at odds with

engagement and participation activities for citizen science providers.

123




Chapter 5: More-than-human Encounters

Introduction

This chapter will look to draw out those more-than-human elements and respond to the

following research question;

What contribution is made by more-than-human encounters in environmental citizen

science to support eco-citizenship capabilities in young people?

In the following analysis, data is drawn from the participant observations of fieldwork
experiences which were converted first into fieldnotes and then messy maps. It will also use
the pupil reflections that were provided during the sentence completion task, and their
response to the question of whether the citizen science experience changed their
relationship with plants, animals and the world of nature. Finally, focus group interviews with
pupils asked them to reflect on their relationship with plants, animals and the world of nature
using an image taken during the fieldwork day as a prompt. For a fuller account of these

approaches, please see methodology p. 73.

The data was analysed firstly using messy and relational maps. The contribution of the
participants was coded and arranged into themes using the messy maps, the sensitising
concepts (Clarke et al, 2012) of ‘physical/sensory encounters’ and ‘encounter with other
living things’ were utilised and interrogated within this process. The themes and associated
terms then arranged into relational maps, in which the convergences and divergences
between the citizen science experiences were identified. These will be drawn out and

discussed in relation to the eco-citizenship capabilities that are implicated in the experience.

As described in detail in my methodology, situational analysis is an approach that builds on
symbolic interactionist and assemblage principles to consider all the aspects of a situation. It
asks that the researcher pay attention to the material and more-than-human components of
the situation under consideration. This is of particular relevance to the experience of citizen
science as a formal learning activity that takes place outside the traditional classroom
setting. Environmental citizen science experiences take place in settings that are ‘beyond
the classroom’. As with environmental education experienced in formal education settings,
there may be parts of the experience located within the classroom, background information
or data analysis for example, however, a field-based data collection component is an
essential characteristic of environmental citizen science. The ‘field’ may be the school

grounds or a more remote location, close to home or in a new country, and as such the
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participants are encouraged by the scientists and the processes involved, to ‘look’ at the
location of concern through a ‘scientist’ lens. The choice of location may be influenced by the
pupils, however, often this is dictated by the requirements of the chosen project and the
intentions of the teacher/scientist involved. In all cases described here, the location was
determined by the teacher and the scientist either individually or collaboratively, the pupils

had no involvement in that decision.

Reflecting on Nussbaum’s (2011) suggestion that the eighth of her ten central capabilities is
to be able to “live with concern for and in relation to animals, plants and the world of nature”.
Considering that ‘capabilities’ for Nussbaum includes “the capabilities of non-human animals
as well as human beings” (Nussbaum, 2011, p. 18), this is a particularly relevant ‘capability’
to reflect upon in response to the citizen science experience. The pupils were asked if and in
what ways the citizen science experience had changed the way that they feel about plants,
animals and the natural world, in a written survey response. Following this, a smaller number
of pupils were also asked to reflect on their experiences with ‘plants, animals and the natural
world’ in a focus group discussion centred around an image of an organism that they had
encountered on their fieldwork day, such as a caterpillar or a dragonfly. The responses to
these questions will explore the connection between the citizen science experience and this
capability.

This chapter will firstly outline some of the concepts that underpin the subsequent analysis. It
will go on to draw out the more-than-human encounters made visible on the fieldwork day
and discuss the ways in which the pupils and adults involved reflected upon these. Two
examples of the pupils connecting or ‘becoming with’ the fieldwork site will then be described
and their importance in illustrating the ways in which pupils are able to “live ... in relation to
animals, plants and the world of nature” (Nussbaum, 2011, p. 18) will be identified. Finally,
the pupils’ responses to whether or not they felt that the citizen science experience had
changed the way they feel about plants, animals, and the world of nature, through their

survey and focus group responses will be presented.

Background

Firstly, I will provide a brief revision of some of the key principles that underpin the analysis

in this chapter.

Drawing on a growing body of research that considers environmental education as a situated
experience of ‘becoming-with’ the world around us (Jukes, Stewart and Morse, 2019;

Mannion, 2019; Clark and Mcphie, 2020). This chapter draws upon the new-materialist

125



framing that employing situational analysis provides an entry point into within this research
project. Drawing on new materialist theories of attunement and relational assemblages, the
situational maps produced in response to the fieldwork experience attempt to not only
identify, but to deeply consider the impact of the landscape/human/animal/plant interactions

on the eco-citizenship capabilities of the young people involved.

Suave (2009) suggests that environmental education is forged in our relation to the
environment, and that it is at this interface of social and ecological relations that
environmental citizenship can be developed. This research looks to notice and identify those
relational experiences that pupils have and explore the potential of them to lead to eco-
citizenship related capabilities. Place-responsive pedagogies (Lynch and Mannion, 2021)
can support an improvement in the relationship between people and their environment by
encouraging learning in a manner that attunes to the place. Wattchow and Brown (2011)
suggest that ‘being present in and with a place’ (ibid. p. 182) is a characteristic of place-
responsive practice, which has the opportunity to help young people attend to the wider,

wicked challenges facing them in contemporary environmental education.

Worster and Whitten (2020), suggest that children grow up within a ‘Kaleidoscope of Places’
(ibid. p. 8) in which traditional expressions of ‘nature’ can be dynamic and shifting. Moving
away from dominance and stewardship approaches within environmental education towards
relational ways of being and knowing is relevant when considering the experience of pupils
in these particular places is framed by the contributory nature of the citizen science project.
While the data collection protocols are echoed across the projects, the ‘places’ in which the
pupils become entangled with varies. For some looking at their own familiar school grounds
in a new way, for others visiting a new and unfamiliar landscape. Drawing out these
entanglements and the pupil responses to them offers an insight into the connections that
pupils are able to make which may be facilitated or constrained by their participation in the

citizen science experience.

Section 1: Encounters and reflections

Spiders, snakes and other living things

Noticing

Across all three projects, during the fieldwork days the pupils’ attention was attracted by a
variety of animals, including reptiles, birds and invertebrates. OPAL and MICCI involved

intentional encounters with other living things, with identification of wildlife (MICCI) and
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invertebrates (OPAL) as a key focus of both projects. The protocols for these projects both
explicitly ask the pupils to look for, and at the invertebrates, birds and other organisms that
can be found in their pre-defined locations. SFL was not focused on living things specifically,
instead, chance encounters were dominant in this project. The interactions with these
animals, whether by intention or by chance, afforded the pupils the opportunity to consider
and reflect on the life of that particular organisms, this sparked some interesting

conversations between the pupils and the scientists/teachers, for example;

“That is cool.” The girl, on finding a bright yellow caterpillar under some

grass at the edge of the path.

“Can | touch it?” she asks, “Let’s move it somewhere safer,” Suggests ‘A’
(the scientist leading the experience). “It might be dead” she suggests,
“No, they sometimes pretend, roll onto their sides.” One of the boys
explains, he then goes on to show his knowledge of the structure of an

earthworm as ‘A’ shows the caterpillar to the rest of the group.
“I know someone who is terrified of caterpillars.” One pupil contributes.

‘A’ suggest that the caterpillar might be responsible for the missing broccoli
(from the raised beds). “What do they eat?” asks a pupil. “Leaves” is the

response. “Let’s put him on a leafy thing.”
OPAL School 2 Fieldnotes 9.10.19

This conversation reflects this pupil’s journey from the wonder of initially finding the
caterpillar to considering the safety of the organism, relating this to other species and then
ultimately intervening to protect it. The pupils are being response-able, as Haraway (2016)
suggests, to the intricacies of our relationship with other species as a messy, complicated
affair in which these pupils are open to engaging in. Care is taken over the individual,
despite the recognition that it may generate fear. The pupil involved is quick to suggest that
others may experience fear, though not themselves in this case. The pupils’ reflections on
fear and overcoming the discomfort experienced when faced with invertebrates will be
discussed in more depth in chapter 4. Through engaging in the citizen science experience,
the pupils are supported to relate to these other species. Haraway (2016) describes a
relationship between the pigeon racing community and the Cornell Institute of Ornithology,
engaging in a citizen science project utilising the pigeons. In response to this project,
Haraway describes the changed relationship between the human and avian participants,
with a new ‘knowing’ the result.

127



The intention of the teacher in the OPAL (school 2) particular experience, beyond the citizen
science component, was to improve a wildlife garden area in the school grounds, thereby
increasing the biodiversity that was able to be found there. Undertaking the citizen science
project enabled them to establish a base-line understanding of the species present at that
time, with the view that they would be able to plant and design the space to encourage a
greater diversity of species going forward. This longer-term thinking facilitated the
exploration of what might at first seem like quite a disappointing, ‘not fantastic’ area. The
findings of the enquiry showed that there were in fact a great deal of other living things within
the space that these pupils may not have given any consideration at all prior to this
experience. Using the citizen science protocol to draw the pupil’s attention to the other living
things that they share the school grounds with afforded an opportunity to more deeply

connect them with their own surroundings.
Participant: | haven't really seen a caterpillar before.
Interviewer: No, had you not seen one before?

Participant: Not really, | think I've seen a couple but like, but seeing one

and actually looking at it was cool.

OPAL School 2: Focus Group Response: Plants, animals and the world of nature:
23.10.19

This notion of actually looking at the caterpillar as opposed to simply knowing that they exist
reflects an increased sense of coming-to-know for this particular pupil. The act of taking time

to look at the caterpillar is identified as an ‘extra’, as something unusual, something ‘cool’.

The main finds were woodlice and an exciting find was identified by the

scientist as a slow worm.

The pupils noticed the blackberries around them, discussed this as food
for birds.

OPAL School 1 Fieldnotes 10.9.19

There are various birds that fly over the group and the sounds of the birds
can be heard in the space, however the pupils do not take naotice or
discuss this, they are predominantly focused on the report and ensuring

they are completing it fully and correctly.

SFL Fieldnotes 3.10.19
128



The ‘noticing’ that the pupils did in their respective landscapes was, in part at least, directed
by the instructions of the task and by the adults facilitating. The OPAL project protocol
instructs the pupils to look under, around, up and into, the surrounding environment. In doing
so, they expanded on this and noticed other components of this particular ecosystem that
were not part of the citizen science project, the blackberries as food for birds, for example.
Neither blackberries nor birds are explicitly identified in the invertebrate survey. In the SFL
project however, the scientists and teachers directed the pupils’ attention down and into the
soil, focusing on detailed looking at this one particular component of the ecosystem, as a
result this served to somewhat reduce outward looking. There were fewer references in the
fieldnotes or messy maps to other living things, excepting sheep, which were present in the

landscape in the SFL project.

Reflecting on the role of the ’project’ as an actor in the experience, the adults used the
project protocols to direct the ‘looking’ of the pupils, connecting them to different components
of fieldwork location, both living and non-living. This served to emphasise some parts of the
fieldwork experience over others, and in doing so direct the pupil’s attention in particular
directions. This alludes to a conflict present in school-based citizen science experiences
between the desire to collect ‘good data’, therefore attending to isolated components of the
experience, and exploiting the opportunity to ‘be’ in the outdoors, to provide the pupils with

the freedom to make their own connections and relations with that place.
Joy and fear

Excitement and delight in the discovery of the various invertebrates was apparent in both
MICCI and OPAL projects. However, in particular in the OPAL project, the use of a pooter
enabled them to collect the organisms without touching them directly, resulting in the
described pupil-pooter-snail entanglement. To use a pooter, you effectively inhale the
organism into the collecting tub, which is a slightly more sensory experience than might have
been expected by the pupils, ensuring the correct tube is inhaled through caused some
chatter when using it for the first time. The nature of the clear plastic collecting tub enabled
the pupils to closely observe their invertebrate finds, and show them to the rest of the group.
This built their confidence around the organisms and in both OPAL groups, eventually some
of the pupils became confident enough to directly handle spiders and other invertebrates.
The example discussion and debate shown here describes how the pupils draw on their
existing knowledge and experience of invertebrates, which they were keen to share with

each other.
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“We found a snail” the boys collected the small snail in a pooter and

showed it to me proudly.

“Let’s get down around the base” suggests A (scientist), the boys are

intently investigating the branching trunk of the tree. “Oh, there’s a beetle.’

“That’s a woodlouse.”

One of the boys collects a spider in his hand and presents it to everyone,

the group are all excited and keen to look at it.

“What kind is that?” “It could be a baby daddy long-legs? No, they have

wings.”

A short discussion ensues about the difference between the centipedes

and millipedes.
OPAL School 2 Fieldnotes 9.10.19

Sharing their different finds exemplified the collective nature of the experience. Within MICCI
and OPAL in particular, the pairs or groups shared any findings of interest with the rest of the
group. The adults involved also did this. Asah et al (2012) found that while childhood nature
exposure with friends was positively associated with adult environmental citizenship,
exposure through school programmes was not. By opening up opportunities for peer, inter-
generational and inter-species interactions, the citizen science fieldwork experience has the

potential to positively influence eco-citizenship capabilities in young people.

Overcoming their fears and discomfort in the face of snakes and certain invertebrates was
reflected upon in both the OPAL and MICCI groups. Exposure to, and the chance to spend
time with and actually look at, these organisms were all identified as playing a role in
reducing the fear and discomfort that they felt. This then made the impact of encountering
these species more meaningful and memorable for the pupils. Randler et al (2013) found
that there was a relationship between high levels of disgust and low levels of motivation in
biology classrooms, reducing disgust and fear of the organisms in question through
exposure and awareness raising may go some way to mitigate for this reduction in

motivation.

The spotting of an adder in the long grass created a significant drama for
the group. One of the girls had sat down close to the snake and got a fright
as it moved away from her. Many of the group gathered to take a photo of
the snake.
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MICCI School 1 Fieldnotes 9.05.19

In noticing, finding joy in, and overcoming fears of other species, in particular invertebrates
and reptiles, the pupils were able to engage with these species in a way that is not possible
within the traditional classroom experience. As such, engaging in outdoor fieldwork as part of
the citizen science experiences served to support the pupils’ connection to plants, animals
and the world of nature. The following section describes the reflections of the pupils following
their encounters with other living things. It will consider the potential impact that these

experiences had on their ongoing relationship with plants, animals and the world of nature.

Pupil reflections

The sentence completion task (described in methodology and method: data collection, p. 75)
was used to identify any connections to the other living things that the pupils were compelled
to make. As described, these sentences were completed around a week after the event, as
such exploring the components that persisted in the pupils’ attention. The number of
comments relating to living things for each case, across the four sentences, was counted

and presented below.

‘Living Things' Reflections by case
80
70
60
50
40
30

PERCENTAGE

20
10
0
Think about Feel Most Memorable Most Important

ESFL(n=8) mOPAL (n=22) MICCI (n=24)

Figure 19: Pupil reflections on ‘living things’ percentage across all cases

The reflections of living things in the ‘most memorable’ category are highest in all cases,
although significantly lower for the SFL pupils than the other two. The memorable reflections
for MICCI and OPAL relate to the specific species that we saw on the day; snakes, spiders,

dragonfly, and lizards were all given as examples.
Catching spiders because they are beautiful
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OPAL School 1: Survey response: Most Memorable

The OPAL pupils reflected particularly strongly on the living things in the ‘most important’

and in the ‘think about’ categories, this includes reflections such as;

The amount of wildlife there is and how much species richness there’s

around us without us even noticing

OPAL School 1: Survey Response: Think About ....

Nature is filled with loads of hidden species, and it is important not to

disrupt them
OPAL School 1: Survey Response: Most Important ...

Revealing the ‘hidden’ component of nature connects back to the enhanced ‘noticing’ that
took place on the fieldwork day. Not only spending time in nature, but being encouraged to
look, to observe and record served to increase the ‘amount’ of nature that they were able to
see. ‘Sensitivity to the environment’ is identified in Hungerford and Volk’s (1990) adaptation
of Hines (1987) model of Responsible Environmental Behaviour. While the relationship
between awareness of environmental issues and direct action to attend to these is
repeatedly challenged in modelling pro-environmental behaviour, such factors remain
important in providing a basis on which to build towards individual or collective action
(Haywood et al, 2016; Goldman et al, 2020).

While living things were generally less often reflected upon in response to ‘the citizen
science project made me feel ..." than in the other sentences, common reflections from the
OPAL pupils were that the experience made them feel ‘more comfortable’ and ‘more
confident’ around the invertebrate species that they encountered. The dominance of the
OPAL project experience in engaging the pupils with living things across all four sentence
stems reflects the nature of the enquiry driven by the content of that particular project. In
contrast, living things were not considered ‘most important’ by any of the pupils in the SFL
project. It can be suggested that the emphasis of this project on soil characteristics engaged

the pupils with a different component of the fieldwork location.

Targeted reflections

In the focus group sessions, the pupils involved were asked to reflect on a particular species
that they had encountered on the fieldwork day and consider how they related to plants,
animals and the world of nature, using the identified species as an example. In one of the

MICCI groups, a particularly large dragonfly had been seen on the walk out to the site:
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We passed a dragonfly resting on a
heather bush which was absolutely
beautiful, covered in dew, it was clearly
coming to the end of its life so late in the
season, but it was absolutely sparkling
in the sunshine, the pupils mentioned
that it looked like a broach, that it had
sequins on it, it was absolutely sparkling

in the sunshine, really lovely.

Figure 20: Image of a dragonfly taken on
fieldwork day (MICCI School 2)

MICCI School 2 Fieldnotes 31.10.19

The ensuing focus group discussion gave an insight into how these particular pupils reacted

to this experience.

Interviewer: So, we saw the dragonfly on the walk out, tell me what it was

doing?

Participant 1: Well, we didn’t know if it was dead or not, like we thought it
might have been dead, it was like, very still, or it could of just been really

cold.

(--)

Participant 2: | mean it doesn’t really, it’'s much harsher environment like,
for them than it is for us, but em, | don’t know if it really, like, animals like

that doesn'’t really affect us and like, on a wide scale, | don’t know.

Participant 3: I guess you wouldn'’t really think about it until you saw it, like
I wouldn't, it’s not something | would think about until we were out there

and saw it
Participant 1: yeah
Interviewer: so, actually being there in that moment

Participant 1: yeah, it is obviously just seeing that it was quite a lot harder
for them to survive than it would be for us, we don't live in the same

conditions they do.
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Interviewer What about you, what did you think?

Participant 4: yeah, it doesn’t really play a part in our lives that much

unless you’re out there.

Participant 2: yeah, it’s not like we would notice, that you know if all the
dragonflies were dying in that area, or whatever, it doesn’t actually, we
wouldn’t hear about something like that. it doesn’t actually, it doesn'’t affect

our everyday life but yeah.
MICCI School 2: Focus Group Response: 7.11.19

Comparing the life of the dragonfly with their own, the pupils reflected that it would be harder
for them to survive the harsh conditions, however, they reported that they would have found
it difficult to relate to the organism had they not been faced with it. They noticeably felt
separate from the organism and unable to see how it’s life may impact upon theirs. The
effect of participating in the citizen science project in enabling these pupils to reflect on the
contrasting life of this and other species offers a place to start wider discussions about the
conditions of life and how interlinked and interdependent we are within our environment. The
entangled and enmeshed perspective of Haraway (2016) and others only becomes apparent
to these young people when they are faced with the reality of it. Developing a sense of
empathy and increased understanding of the species that they were interacting with was

identified by one of the focus groups.

Em well, you know how we were saying that em it’s like if you were outside
and it’s good to be cold for a little while sometimes if you are outside and
you’re cold sometimes it’s like showing you how the environment feels and
how bugs feel cause some bugs are more used to warm weather rather

than cold weather.
OPAL School 2: Focus Group Response: 23.10.19

Connection to nature is described as a component of environmental citizenship by Chawla
and Cushing (2007), and Hadjichambis and Reis (2020) suggest that a ‘healthy relationship
with nature’ is important as a foundation to challenging global environmental issues. The
importance placed by the pupils on their connections with other species during the fieldwork
experiences are also demonstrated in their reflections after the event. It can be suggested,
therefore, that the citizen science experiences support the eco-citizenship capability to

connect with plants, animals and the world of nature.
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Physical and sensory encounters

Physical and sensory encounters were a significant component of the fieldwork days across
all three projects. The locations of the different projects range from the extreme isolation of
moorlands in the MICCI project experiences, to the school grounds and the outdoor centre
car park of the OPAL project. Drawing on the fieldnotes from the participant observation
days, a series of relational maps of these physical and sensory encounters were generated,

for example (fig. 21):

Physical and Sensory Encounters
Sound of bird song
R music Permission to touch SFL
birdsong - - dirty hands
Sounds 2 pots OPAL
= Using pen to touch = =
f::;;?‘s of pupils ; . o rather than fingers S sanitiser MiCCI
9 Vi " Touch
Sound of the stream e ; i Use of antibacterial gel
burbling 2 ! before lunch
Touching the rocks
The water rushing Sound of the sweep i
i i net against the grass ; Wet
over their wellies g g Jaggy plants Cold Texture cold
Squelching and moisture
water T, Dust
bouncing in the Movement through - L 30il
Hes> Slope the long grass Bigtyhands DO Dty trousers
/ o Gritty
' not litter
Undulating __ e iR Terrain
Wet feet > Cold Weather
Leaving footprints in Weather
Ruffling with Feet the wet moss o
Marshy, uneven ground Sunny weather Temperature impact on
enjoyment

Figure 21: Relational map by project: physical and sensory encounters

In all three projects, the pupils were exposed to sensory stimulus that was unique to each
fieldwork location. The sounds of traffic and music were particular to the urban and semi-
urban locations of the OPAL project fieldwork days, while the squelching and bouncing on
the moss was experienced only in the MICCI project. There were a number of shared
sensory experiences between the projects, the experience of touching the landscape with
their hands was identified in all three projects. Touching the rocks, soil and plants are all
described in the fieldnotes, with reflections on dirty hands and hand sanitiser present. The
pupils’ experience of the ground beneath their feet was also present in all three project
experiences. The undulating, uneven ground described in the MICCI and SFL experiences,
and their movement of the leaf litter with their feet (‘ruffling’) present for the OPAL pupils.
Drawing on place-responsive pedagogies (Lynch and Mannion, 2021), the relational nature
of this interaction with the fieldwork location was considered. The pupils were moved to react

and respond to the nature of the place in quite different ways, for example;
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On waiting to climb a fence, some of the pupils began to bounce in the
boggy ground, noticing that the ground surrounding them for quite some
distance also moved when they bounced. There was a distinct sense of
play in this activity, delight was taken in the affect they were having on the
ground below them. This was only stopped when cautioned by the teacher

that they might get stuck.

MICCI School 1: Fieldnotes 9.05.19

On swapping activities, one of the girls expressed apprehension about the
next task, “Do we have to get in the ditch? | don’t want to get in the ditch.”
Within moments of starting the data collection task, all but 3 of the girls

were standing in the stream.
MICCI School 1: Fieldnotes 9.05.19

These two examples suggest that rather than being ‘in’ or ‘on’ the landscape, that the pupils
can be described in relation ‘with’ the landscape. The nature of the ‘place’ invites them to
behave in ways that are unique to it and the ‘place’ responds, bouncing back, entangling the
pupils ‘within’ the landscape. The exchange provides a connection between the pupil and
the place that they may not be aware of it. Lynch and Mannion (2021) describe the
importance of attunement, “a response making process at work with the material” (ibid. p
866), as key to place responsive pedagogies. These encounters were fleeting, moments of
relation with the places which were not a pre-determined part of any of the projects’ intended
learning outcomes. Ma and Green (2021) emphasise the importance of embodied learning in
the science curriculum, finding that different places constituted different ‘bodily-place
engagement’ amongst primary aged science students. Similarly, Cooke (2022) explore the
challenges of using a sensory learning approach with music and science student teachers.
The challenge of balancing the need to achieve traditional ‘outcomes’ such as data collection
or content knowledge alongside a desire to make visible the relational and sensory

entanglements of pupil-environment is abundantly clear in the cases described here.
Movement within place

‘Movement within place’ was identified as a theme evident in the fieldwork day experiences
and in the pupils’ reflections during the focus group discussions. In particular in the case of
the MICCI project, the isolated and remote nature of the landscape was dominant in the

pupils’ descriptions.
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“This really is the middle of nowhere” exclaimed one of the pupils as we

continued across the moorland.
MICCI School 2 Fieldnotes 31.10.19

The moorland was really big and it was full of grass, moss and heather,
the ground was soft and there was a bit that was like a trampoline. There

was a big hill and it was really cold.
MICCI School 1 Blog post response 15.05.19

The expectations of the pupils were at times confounded by their experience in the space.

Participant: it was like, more the em, like, how small it was and how it was
like, you weren’t expecting to be so flowing, small, very shallow, really slow
running, disgusting like, slither of water but it turned out to be a nice little

stream that you could paddle in when you got a bit hot.
MICCI School 1 Focus group response (most memorable) 15.05.19

In both the SFL and MICCI projects, the ground was bumpy, boggy and difficult to walk in.
This meant that the pupils had to change the way they moved in the space, they went in
single file at times, supported each other over bumps and boggy sections, they called to let
pupils behind them know about grips (drainage ditches) that would need to be jumped over
but were hidden by vegetation. This negotiation resulted in lots of chatter and laughter as
they slipped or fell, responding to the effort that the shape of the space was making them put

in to just move through it.

On accessing the site, the teacher and 1 pupil (the same boy as had
lagged behind at the beginning) took the drier route and the remainder
took the shorter route through hummocky, boggy ground. There was a

great deal of stumbling and laughter during the short walk.

SFL Fieldnotes 3.10.19

In the OPAL project, there was only one example of this, when the group moved through
dense shrubbery and had to move in single file, holding overhanging branches to prevent
them hitting classmates. Again, the way that they moved changed, the groups became less
fragmented and the pace slowed to facilitate looking for invertebrates in the branches. All the

groups stopped regularly on their journeys, prompted by the adults to look at something
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relevant to the day’s data collection, or to answer questions that related to the scientific issue
at hand.

An important component of citizen science is its temporal and spatial range. The desire to
investigate a phenomenon or collect data on an issue across a range of locations is a key to
the power of citizen science. This also opens up a wide range of possibilities for schools
engaging with citizen science activities, taking pupils to remote, isolated locations which are
unfamiliar to the pupils, but also carrying out the activities in school grounds or local areas
which are easier from a logistical and cost basis. The logistical and cost related challenges
of taking pupils far from their educational setting are well documented (e.g., Beames et al,
2009). As such, an opportunity to engage in directed or semi-directed fieldwork in a location
of the teacher/pupil’s choice is particularly appealing in order to minimise the logistical and

cost related challenges.

The physical nature of the contact with these particular environments caused some
discomfort, but the pupils found ways of negotiating this, changing the way that they moved

in the landscape and the tools that they used to investigate it to limit their discomfort.

There was some discomfort at moving through the jaggy grasses, but the
pupils worked together to hold back the jaggy plants for the next person as

they moved through.

OPAL School 1 Fieldnotes 10.9.19

The pupils had to move the rocks and wood piles to find the woodlice and
slugs, there was the physical sensation and effort of doing this which some
pupils enjoyed and others were reluctant to get involved in. Some pupils

used their feet to gently ruffle the stones to avoid touching them.
OPAL School 1 Fieldnotes 10.9.19

@stergaard (2020) explores the importance of sensing and sense-making in scientific based
sustainability education, suggesting that evoking an aesthetic sensitivity can reconnect
young people with the world around them. While this stands in contrast to the objectivity and
detachment experienced in traditional science classrooms, the author suggests that fostering
such skills might “broaden students’ notion of science and scientific inquiry.” (ibid. p. 579).
The demonstration of the pupils’ sensitivity to the physical sensations of the fieldwork
locations is a component of the citizen science experience could be exploited to greater

effect in order to more fully support eco-citizenship capabilities.
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Touching the soil is another example of the pupils in the SFL project coming-to-know the

material in a way that perhaps challenges traditional classroom ways-of-knowing.

Soil texture — the pupils have to touch and manipulate the soil, there are

amused grimaces from the pupils on the first touches of the soil.

[.]

On touching the soil to assess the texture of it, “Oh, | can feel the moisture

init.”
SFL Fieldnotes 3.10.19

The texture and moisture content of the soil are vital components in identifying its structure,
and subsequent soil type. Colour is also used, one of the pupils who attended the fieldtrip for
the second time commented that the light on our visit made the colour matching much easier
as it had been dull and therefore a more difficult task the previous year. The entanglement of
the human senses and the soil are wound together and as such are a key element of soil

sciences.

The data collection priority promoted by the adults during the fieldwork day can serve to
provide a ‘way-of-looking’ that focuses the pupils on the particular details of the place.
Examining the quadrats to identify plant species, the pupils looked intently at the ground,
looking more closely at the moorland species than they would were they simply walking
through the landscape. They worked between the identification keys provided, and the
species, matching the broad and narrow grasses, star and sphagnum mosses to hame just a
few, with their respective images. They looked to their peers and the adults supporting them
to help identify each one, to confirm or challenge their assertions and to estimate abundance
in their particular pre-selected spaces. This different way of looking at the environment was
identified by two of the adults as important in expanding or extending how we consider the

world around us.

I really enjoy it when you are just looking down and you’ve just got a
quadrat in front of you and you’re just sort of analysing, you know? It’s
almost like mindfulness, you know like, what are we seeing here, how

much moss is here?

Participant Interview: MICCI Scientist AC: 2.11.2020
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You know, it's just not really common thing to see somebody on the
ground looking at something, so that obviously says we're not looking at

things.
Participant Interview: MICCI Scientist JW: 12.11.2020

Chawla and Cushing (2007) discuss the influence of positive framing of experiences in the
world of nature in association with influential adults, often family members, but possibly
teachers and scientists. These positive associations have the potential to influence pro-
environmental dispositions on into adulthood. The citizen science experience puts the pupils
into the natural world with a guide in the form of an influential adult and a reason to look at
the world around them. Gannon (2017) suggests that teacher planning is important in finding
ways to create ‘open spaces’ for pupils to explore and consider their experiences with
animals and nature. The citizen science experience can be used as a framework, an outline

within which such open spaces can be exposed.
Pupil reflections

The identified physical and sensory encounters that took place on the fieldwork days were
rarely reflected upon by the pupils in the sentence completion task. There were no
references to physical or sensory encounters in the ‘think about’ or the ‘most important’
sentences. In the ‘feel’ reflections, a small number of pupils from each project (2 MICCI and
SFL, 1 OPAL) reflected on feeling cold. However, in the ‘most memorable’ responses, some
of the MICCI project participants reflected on the ‘bouncy’ nature of the moorland (5 pupils)
and being in the stream (4 pupils). In the OPAL and SFL projects, pupils thought that it was
memorable to search under rocks and in soft ground surfaces for invertebrates, and to

physically ‘be in’ the soil pits (2 pupils in each).

Physical and Sensorial knowledge/knowing was evident from the participant observations,
with pupils reacting and responding to the unique nature of each fieldwork location.
However, the pupils did not articulate this in their reflections suggesting that the pupil did not
‘notice’ the physical and sensory entanglements in a way that persisted beyond the event

itself. This contrasts with the strong persistence of the ‘living things’ in the pupil reflections.

Encounters and reflections summary

My analysis of the encounters that pupils had with ‘other living things’ and the ‘physical and

sensory’ experiences has identified the following findings:
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Inter and intra-action with other living things as a part of the citizen science project
can provide a starting point to increasing an understanding of and empathy with other
species.

Fear and disgust can be reduced through exposure to invertebrates and other
potentially fear-inducing organisms as part of the citizen science project.

Pupils from two of the three projects found inter and intra-actions with other living
things to be important and memorable parts of the citizen science experience.
Sharing their experiences and knowledge of other species was meaningful for some

pupils in the citizen science experience.

These findings suggest that citizen science experiences can support the eco-citizenship

capability to live with concern for plants, animals and the world of nature.
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Section 2: Connections

Following Barad’s (2014) socio-material approach, where ‘diffraction’ is considered a re-
turning, an iterative examination of a moment of matter. Two examples of pupil
entanglements with the material and imaginative components of the fieldwork day will be
examined. The first, an image of wellies, this image and its associated reflections allow the
effects of being in the landscape to be traced and the blurred edges made visible. The
second is a reflection on creativity inspired by fieldwork days, in particular the creation of
‘bog-trolls’. In one of the fieldwork experiences, the pupils created imaginary creatures called
‘bog-trolls. The pupils ‘became’ these creatures and enacted their adventures in the
landscape. Taking these examples of pupil-bog entanglement and drawing out the blurred
boundaries between science and imagination, between doing and being, the potential of
engaging in the citizen science experience to connect pupils in a meaningful way with the
natural world is examined. In drawing attention to this opportunity for deep connection, there
is the potential to support the eco-citizenship capability to live with concern for plants,

animals and the world of nature.

Wellies

In the following example, a pupil was observed engaging with the boggy ground and

reflecting upon their impact on it;

The sphagnum moss at one section was very waterlogged and the group
took great pleasure in squelching around in it, making footprints and
enjoying the sound made on release of their feet. “| wonder if we are

damaging it by doing this” wondered one pupil, not to anyone in particular.
MICCI School 1 Fieldnotes 9.05.19

The image below was taken of the pupil in the above extract:
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Figure 22: Image of a pupil’s wellies sinking into the sphagnum moss, taken on the fieldwork day (MICCI School
1)

Humans do not always perceive themselves as part of this material flow of

dynamically changing landscapes, environments and ecosystems.
Jukes et al, 2019, p. 3

In considering this particular pupil as part of this landscape, bringing the image and text
together in a relational map, | was motivated to draw out the entanglements presented in this

situation. The following memo was prompted by the image;

The image of the boots sinking into the moorland is a clear representation
of the foot-boot-earth relationship that exists at this particular moment.
Neither the edges of the boots nor the edge of the earth are visible or
clearly delineated. Interrupted by the clean line of the dried grass, the
waterlogged soil and sphagnum moss mixture has a visibly ‘soupy’
consistency. This blurs into the bright green of the moss that has not (yet)
been trampled. The muted colours of the grasses, fragments of heather
and areas of shadow that suggest dips or hollows in the ground contrast
sharply with the matt blue/green of the boots. The shadow cast by the
pupil blends in, again, blurring the edges between pupil and earth. The
sphagnum moss is a major part of the scientific enquiry component of the
day, the characteristics of its appearance are discussed, used to identify it
and estimate its abundance within a quadrat. The contrast between it and

other mosses, e.g., star moss, is made clear, drawn attention to by the
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adults. The water retaining qualities of the moss are described and
discussed in relation to the health of the moorland. The musing of the pupil
over their impact on the moss connects not only to the learning intentions
that are visible throughout the day, but also the presence of the moss in
the consciousness of this pupil and in the physical landscape. As
Haraway suggests, “not in the world, but of the world” (Haraway 2016,
p.714). The time and space provided by being ‘out’ in the landscape
entangled ‘with’ the moss allows the pupil to play with it, to squelch and
squash, to feel the resistance of the mixture. Other senses are also
invoked, hearing the sound the boots made in the boggy ground, playing
with that sound and reflecting on it, ‘tearing paper’ or ‘milkshakes’ were
suggested as representative terms. This relational coming-to-know is
unique to this particular moment of pupil-moss-earth entanglement, and is
fundamentally different from the manner in which learning intentions are
attended to within the formal classroom setting. But what of the moss,
what role does it play? It is damaged by the encounter, ultimately, this
squelching moment will inflict some damage to this sensitive species of
moss residing in this isolated and generally non-human location. However,
in the process of coming-to-know this particular patch of mossy moorland,
a greater affinity for moorlands in their wider sense may be awakened in
the pupil, is this an acceptable trade-off? As Clarke et al (2012) state, “in
situational analysis, agency is reformulated into something messy, sticky
and distributed, varyingly animating all the elements that constitute a
particular situation” (ibid. p 362). How does the moor ‘respond’ to this
disruption? It continues to ‘hold’ the boot, and by connection to the boot,
the pupil is held within the situation, the tension created by the soil-moss-
moisture mixture resembling a non-Newtonian fluid, thus the harder the
pupil pulls, the less likely they are to become free of earth, but possibly
instead become free of the boot. This would not be the last wellie to get

stuck on our fieldwork days.
Memo: 4.12.2021

When the pupils from this group were asked to reflect on this image, annotating it on their
return to school, they used descriptive terms such as ‘squishy’ and ‘stomping’. The following
word cloud (fig. 23) was generated using the terms they suggested (the names are
pseudonyms);
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Figure 23: Annotated image of wellies

This experience offers the pupils a way to relate to the natural world which entangles them in
it, not erasing the human but embedding them as part of a more-than-human world
(Somerville, 2017). The opportunities afforded to pupils to entangle within the landscape
may be fleeting, but offer moments of connection, the emphasis on positive reflections to this
image, ‘boggy fun’ and the extensive use of exclamation marks in their annotations suggests
a delight in the relational experience that they had with the ‘bog’. While these moments were
not directed as part of the intended fieldwork experience, they represent an opportunity for

pupils to connect with the world around them, supporting their eco-citizenship capabilities.

Creativity

Throughout many of the fieldwork experiences, the pupils responded to the experience in
creative ways. They made up songs and rhymes and in doing so created creatures and
developed stories about them. They gave living and non-living things names and other
human characteristics, an anthropocentric interpretation of the more-than-human situation
that they found themselves within. Three short examples are described next, one from each
project which bring this creative component to the fore. Davies et al (2012) suggests that
outdoor learning spaces are well documented as environments in which creativity can be

enhanced and encouraged.

In one of the MICCI groups, the pupils created characters that they called ‘bogtrolls’, these
characters featured strongly in their ‘most memorable’ reflections and so in the focus group

session | was able to ask them more about them.
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Interviewer: What was the most memorable part of the day for you, what
did you think?

Participant 1: bogtrolls,

(...)
Interviewer: yeah, tell me more about the bogtrolls?

Participant 1: we were just all squelching about exploring the burn and

then we were, | think it was Rosie
Participant 2: no, it was at one point ...

Participant 3: we, we, so Rosie just slowly rose to the bog and then, she
was like, everyone do that again, and we just all went, ducked down, she

filmed us going ... (mimed rising up over the river bank)
Interviewer: you were the bogtrolls, ah!
Participant 3: yeah

Participant 2: and then later on Alex handed me a camera, and was like,
can you film bogtrolls, like, okay what'’s this and then we filmed it and it
was basically just us repeating bogtrolls, bogtrolls and running around, and
then we got to the river and then there was a certain bit that was quite
wide and it kind of like, stopped at each side, and at one side it looked like

a little tunnel, and it was just like, that was where they were.
Participant 1: and then we did a vibration dance at a different section

Participant 3. we kept on moving down, we got so far down that the river

got deeper, faster and wider, it was quite fascinating actually
MICCI School 1: Focus Group 15.05.2019

This creative response is clearly directly related to the nature of the landscape that they
were exploring, the positional change between the burn and the moorland gave rise to the
feeling of emerging, and the pupils identification with these bog-dwelling characters became
very real for them, a source of joy and excitement. They discussed plots of films starring the
‘bog-troll’ characters on the walk back to the bus, deepening their exploration of the idea.

While this process seems quite at odds with the ecological learning and data collection
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objectives of the day, it was undoubtedly a meaningful experience for them that sits
alongside the scientific, data collection priorities. As Jennet et al (2016) suggests, creative
outcomes can be a strong motivating factor in volunteer engagement in citizen science

projects.

In one of the OPAL groups, | watched as some pupils commented on the relationship

between two crane-flies, one of which had been recently captured by the pupils.

One group collected a crane fly in the specimen jar and as another crane

fly flew around the jar, a pupil suggested ‘it is trying to save its partner”
OPAL School 1 Fieldnotes 10.9.19

This creative projection of a human-type relationship onto the invertebrates under study
gave me an insight into the importance of an empathetic connection for these pupils. This
fleeting moment, in which the pupils were able to observe the relationship between the two
invertebrates, and suggest an interpretation of their behaviour that makes sense from a
human perspective. Ingold (2011) cautions that this anthropomorphosis of animals has the
effect of ‘subjugating’ them, however Gannon (2017) observing children in relation with
wetland species, suggests that even with some anthropomorphosis, the process of
‘becoming with’ other species “opened students to new configurations of learning about
themselves and others in the world” (ibid. p. 253). The captured specimen was released
quickly after they had gathered the data that they needed, in order to ‘return it to its mate’.
Schonfelder and Bogner (2017) suggest that alongside positive emotions, engagement with
living organisms, as opposed to models, can have a positive impact on cognitive outcomes.
Combining the data collection objectives with the opportunity to directly interact with
individuals of a different species gave these pupils the opportunity to empathetically and

creatively connect with these organisms.

In the SFL project, an identifiable creative component of the day was the naming of the soil
horizons, each soil pit and soil horizon was given a name that related either to someone in
the class, the teacher, or a popular media figure, e.g., ‘Harry Podzol’. This throw-away

moment of creative word-play was quite at odds with the detail-oriented analysis of the soll
profiles that they had just been engaged in, and offered a way of connecting what could be

considered quite an abstract seam of ‘knowledge’ back to relevant components of their lives.
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Connections summary

Reciprocal response-making in the more-than-human that was observed in the pupils
suggests that the citizen science experience is able to offer a ‘way in’ to explore intra-
species encounters. Worster and Whitten (2020) suggest that “children gain a greater sense
of agency” when they become attuned to the links between themselves and the “many points
in the biosphere” (ibid. p. 8). Allowing space for pupils to be creative and playful can support

the development of eco-citizenship capabilities in young people.
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Section 3: The ‘other species’ capability

In order to more deeply consider the impact that the citizen science experience had on the
eco-citizenship capabilities of the pupils involved, two final data sources will be drawn upon.
Firstly, pupils were asked to respond to the question, did citizen science change the way
they felt about plants, animals and the natural world, and to give reasons for their responses.
Secondly, in part of the focus group discussions, pupils were asked to reflect directly on their
connection to plants, animals and the natural world. These responses will be described and

analysed here.

Did the Citizen Science experience change the
way you feel about plants, animals and the
natural world?

120
100
80
60
40
s I

% PARTICIPANTS

MICCI OPAL SFL
CITIZEN SCIENCE PROJECT

H% Yes % No

Figure 24: ‘Did the citizen science experience change the way you feel about plants, animals and the natural
world’ pupil responses across all cases

As shown in fig. 24, there is a clear contrast between the generally affirmative response from
participants in the MICCI and OPAL projects that involvement in the citizen science
experience had changed the way they felt about plants, animals and the world of nature.
This is in stark contrast to the SFL participants who generally felt that it did not. This section

will explore the reasons that the pupils gave for these responses.

Firstly, for the pupils who responded that the citizen science experience DID change their
relationship with plants, animals and the natural world, two key reasons were given. These
are an increased awareness of living things and the natural world, and an increased level of
comfort with living things and the natural world. Secondly, for the pupils who thought that the
citizen science experience DID NOT change their relationship with plants, animals and the
natural world, the most common reason given was that they already felt a strong connection
and the limitations of the citizen science experience did not extend this. These three reasons

will be explored further here.
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Increased awareness of living things and the natural world

Pupils in the OPAL and MICCI projects suggested that the citizen science experience had
increased their awareness of other living things. A greater awareness of the diversity of
species around them was described by pupils in the OPAL project, this sometimes related
specifically to insects, but also made reference to animals occasionally. In the MICCI project,
the pupils reported feeling more aware of the importance of the moorland for wildlife, and an

increased awareness of nature more generally.

Yes, as | now feel more aware of the planet and wildlife. This project has

made me feel more connected to the planet and nature.

Survey Response: MICCI Pupil: Has CS changed ...? 15.05.2019

It has helped me to realise that animals such as spiders aren’t bad and we

should do more to protect their habitat instead of destroying it.
Survey Response: OPAL Pupil: Has CS changed ...? 10.9.2019

Paying attention to the natural world, whether that be a wild place like the moorland, or the
areas surrounding the more urban settings that the pupils are more familiar with, clearly
made an impression on these young people. The lasting impact of this is much more difficult
to predict, Haywood et al (2016) highlights the importance of repeated visitation in
encouraging environmental action, which is not possible for some of these participants.
However, the important impacts of even single events like these on the young people
involved suggests a possibility to increase awareness and connection with the natural world.

This increased awareness was also connected to an increased desire to ‘protect’ the area;

In a way | think it is now very important to preserve these areas and the
wildlife within them as they are very beneficial for reducing global issues

such as climate change.
Survey Response: MICCI Pupil: Has CS changed ...? 15.05.2019

Making connections between the experience and a desire to see greater protections linked
to reducing the impact of climate change is an example of the pupils’ desire to see pro-
environmental change enacted. The statements include both passive responses, as above,

where no specific actor is identified, and also direct references to themselves, for example:

It made me feel like | need to start caring more for my environment.
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Survey Response: MICCI Pupil: Has CS changed ...? 15.05.2019

Environmental stewardship is an outcome that is considered desirable as a result of
participation in citizen science projects (Phillips et al, 2018; Pitt et al, 2019). Environmental
stewardship is defined by Pitt et al (2019) as the “conservation-oriented actions that improve
features of a particular place in support of ecosystem conservation” (ibid. p. 1387). The
achievement of environmental stewardship as an outcome is not well evidenced in relation to
citizen science experiences, Phillips et al (2018) suggest that while some example cases
provide evidence of a connection (e.g., Pitt et al, 2019), others found less secure
connections (Toomey and Domroese, 2013, for example). Taylor (2017) suggests, however,
that the emphasis on stewardship can reinforce the position of humans as separate from the
environment, able to ‘protect’ and ‘preserve’ it as though not intertwined ‘with’ the

environment.

Pupils in the OPAL and MICCI projects also reflected upon the way that their experience of
the projects drew their attention to the human impact on plants, animals and the natural
world. As with the increased awareness of other living things, this was frequently associated

with an increased desire to ‘care for’ or ‘to protect’ wildlife or nature.

I've grown more conscious about human impact on biodiversity as the
Simpson index of biodiversity was lower. | think this project can help
contribute to making changes as it shows us which areas we should

preserve.
Survey Response: OPAL School 1 Pupil: Has CS changed ...? 10.9.2019

In this example, it is the in-depth analysis that the pupil engages in that draws their attention
to the human impact on biodiversity. Their observations in the field and the comparison of
different environments contribute to a calculation that they are able to perform, drawing a
conclusion about biodiversity in these particular environments. In Hungerford and Volk’s
(1990) model of environmental citizenship behaviour, the authors identify ‘empowerment
variables’, or the belief in their ability to influence an activity or event, as contributing to pro-
environmental behaviours. This has links to Bandura’s (1982) conception of self-efficacy,
which will be discussed in more depth in chapter 6. Monroe (2003) suggests that activities
which give students the opportunity to investigate and suggest/implement ways to solve a
local problem can contribute to empowering young people to feel confidence in their ability to
overcome challenges. The citizen science experience of using their collected data to direct
priority areas for protection or development can give the pupils direct experience of the

impact that they can have, supporting their development of eco-citizenship capabilities.
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Increased confidence

Within the OPAL project most notably, but also in the responses from the MICCI pupils, a
reported increase in the comfort that they felt around insects in particular and animals in
general and a reduction in fear and squeamishness around spiders and other insects. This
was accompanied by an increased sense of the need to care for these organisms, and also

to protect them from harm.

It has made me more comfortable being around bugs and insects because
| have seen they are just as important as others. | am now more aware
that diversity is important for the ecosystem and if there is any human
impact it can damage more than we think. This citizen science experience
makes you more self-conscious and aware about our surroundings so you
can now know how to help the environment, feel more empathetic in a way

when it comes to our influence on nature as humans.

I don’t usually encounter anywhere near as many insects as | have today.
To see so many has, | believe, helped me grow more comfortable with
them (though not entirely). | acknowledge their importance, and will be

more inclined to treat them with more care in the future.
Survey responses: OPAL School 1 Pupils: 10.9.2019

However, one of the pupils in the MICCI project reported that the encounter with the

dragonfly had actually increased her fear of them as she suggested that;
| didn’t know dragonfly could get that big, so I’'m now terrified of them.
Survey response: MICCI School 2 pupil: 7.11.2020

Studies suggest that fear and disgust can have a negative effect on student motivation
(Randler et al, 2013) and on perception of wildlands (Bixler and Floyd, 1997). Exposure to
unfamiliar organisms in unfamiliar settings may prove to be overwhelming for some pupils,
however, care, excitement and an increase in comfort were the more frequent responses.
This experience affords the pupils an opportunity to ‘come-to-know’ these ‘scary’ or
‘disgusting’ organisms in both wild and familiar places. Hicks and Stewart (2020) found that
awe and wonder felt in response to wildlife encounters was able to generate learning and
intense emotional memories in young people. The participants in the citizen science projects
in which the intention to engage with other living things was explicit (OPAL and MICCI) also
reported the most positive change in their relationship to plants, animals and the world of
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nature. While this relationship cannot be considered causal in this small study, it can be
suggested that the explicit nature of the contact with other living things was able to support

the development of eco-citizenship capabilities in the pupils.

Some of the pupils reflected on the knowledge that others were also collecting data like this
and doing something about the environmental issue in question, suggesting that this was

something that gave them hope and comfort.

I think | am less worried because everybody is working together to help

stop climate change.

Survey response: MICCI School 2 pupil: 7.11.2020

| realised there are areas and people who are willing to take care of the

world
Survey response: OPAL School 1 pupil: 10.9.2019

The awareness of citizen science as an activity that a wide range of people can and do get
involved in may be something that even if these particular pupils do not get involved again
themselves, they can take comfort in the knowledge that it is happening. This emphasis on
collective action echoes arguments from Schindel Dimick (2015), Hayward (2012), and
Iversen and Jonsdottir (2019) among others, who suggest that environmental citizenship
depends on finding solutions to complex problems that are rarely rooted in individual actions.
Rather, looking outwards towards democratic and systemic change, whilst more challenging
to enact, particularly for young people, may impact more strongly on environmental and

sustainability issues.

Existing nature connectedness

The majority (75%) of the pupils from the Soil Fertility Legacies project, and a small
proportion of the pupils from the other two projects felt that the experience had had no
impact on their relationship with plants, animals and the world of nature. The main reason
that was given for this was that they already had an understanding or appreciation and that

the event had not changed that for the better or worse.

As my mum is a gardener, | have been brought up with respect and
knowledge about wildlife and plants so it did not help me with the wildlife
part and as taking geography throughout my school years | have been

taught this too.
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MICCI School 2 Pupil: 7.11.2020

It hasn’t changed the way | feel or think about animals because | have

always believed we should protect them

OPAL School 1 Pupil: 10.9.2019

| feel the same because | feel like | am bonded to the environment. If | am
sad or angry, | will go outside. | go outside to help feel relaxed when things

are stressful.
OPAL School 2 Pupil: 23.10.2019

In adult involvement in citizen science projects, it has been suggested that the participants
already have a strong interest in environmental or conservation related issues, and as such
positive changes in attitude or connection to the natural world are less easy to make (Turrini
et al, 2018; Forrester et al, 2017). The students in most of these cases, but in particular the
SFL group, had chosen biology or geography at senior level, and as such could be
considered to have an existing interest in environmental issues. The findings here echo that
of Turrini et al (2018) and Forrester et al (2017) suggesting that knowledge of the concept
(soils, in the case of the SLF pupils) was reported to increase, however the connection to the

natural world was less strongly impacted upon.

Interviewer: Was there anything about the project that’s made you think

about your relationship with plants animals and the natural world?
Participant 2: Not particularly.

Interviewer: Can you think about why not, maybe, what was it about this

particular project that you felt maybe didn’t connect?

Participant 2: | don’t know, | don’t think it’s something that I’'m burning
passionate about, so | did it and enjoyed it but | didn’t really go like, ah,

yes.
Interviewer: This is for me?

Participant 2: Yeah.

SFL Focus Group discussion: 15.11.2019
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Schild (2016) suggests that when outdoor experiences feel like ‘leisure’, they do very little to
enhance pro-environmental behaviours or dispositions. In this case, the experience was not
‘leisure’ related, but served a particular, school-related function, and as such may be limited
in the wider impacts that it might have. Brombal (2020) describes the instrumental use of
citizen science in China, suggesting that this serves to strengthen rather than challenge
existing anthropocentric viewpoints of environmental issues. The author proposes that
adopting a ‘transformative stance’ may improve the impact of citizen science in China,
suggesting that an emphasis on generating a sense of caring for, rather than simply
measuring components of natural environments might be a way forward. The limitations of
the experience were discussed by pupils, firstly in terms or time, and also in the nature of the

data collection and analysis.

In my opinion 2 hours outside collecting insects and animals (just for a

day) has not changed my idea of the natural world.
OPAL School 1 Pupil: 10.9.2019

Monroe (2003) suggests that adults who become aware of environmental problems might be
motivated to act when they believe that they are able to change the nature of the issue. This
poses a particular challenge when raising awareness of environmental issues in young
people without consideration for the constraints that they face in enacting change. The
somewhat instrumental and focused nature of some citizen science project experiences may
have limited the wider, place-responsive connections that the pupils were able to make, and

as such did not consistently support the development of eco-citizenship related capabilities.

The ‘other species’ capability summary

Citizen science experiences have the potential to change the way the participants relate to

animals, plants, and the world of nature by;

¢ Increasing their awareness of it
e Increasing their awareness of the human impact on it

e Reducing their fear of it

However, for pupils who already have a high level of affinity with plants, animals and the

natural world, or those with greater experience, the impact of the projects were limited.

Therefore, the eco-citizenship capability to ‘live with concern for plants, animals and the

world of nature (Nussbaum, 2011), is supported by some of the citizen science experiences.
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The limitations of single, short-term events that have an instrumental nature serves to limit

the depth of this possible connection to the natural world.

Chapter 5 Conclusion

This section will respond to the question set out at the beginning;

What contribution is made by more-than-human encounters in environmental citizen

science to support eco-citizenship capabilities in young people?

Place responsive experiences

Being reciprocally responsive through place-based encounters within the environmental
citizen science fieldwork experience can afford pupils the opportunity to think about and
consider their impact on the environment in a more meaningful way than can be afforded in
a traditional classroom setting. Unfamiliar landscapes may be more memorable, however
more familiar or local landscapes may prompt deeper thought and hold greater meaning for
the participants. The ability of citizen science projects to be adapted to different locations

and landscapes affords significant flexibility in their use.

Intra-actions with other species

Raising awareness and reducing fear of other species can contribute to positive experiences
for participating pupils. The persistence of this in their affective and memory related
responses suggests that this engagement can support the eco-citizenship capability of living

with concern for plants, animals and the world of nature (Nussbaum, 2011).

Possibility of change as a result of the CS experience
The entanglements of the pupils ‘becoming with’ the fieldwork locations and experiencing
new ways of looking at plants, animals and the natural world supports the capability to have

attachments to things and people outside ourselves (Nussbaum, 2011).

Creative responses to the experiences

Utilising the citizen science projects to encourage the pupils to look at their surroundings in
different ways provides them with different viewpoints and perspectives. This experience can
give space for pupils to be creative and ‘play’ in the natural world, with the possibility of

increasing the connectedness that they feel towards it.
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Chapter 5: Findings summary

Analysis of pupil reflections suggest that interacting with other living things supported their

ability to relate to other species.

School based citizen science provides opportunities for fear and discomfort were reported
by some pupils to be reduced as a result of interacting with other species, such as spiders

and snakes, during their citizen science activities.

Encounters with other living things were reflected on as the most important and

memorable for pupils across most cases.

Analysis suggest that physical and sensory encounters were a key part of fieldwork

activities.

Reciprocal response-making in the more-than-human was observed in, and important to
pupils across all of the fieldwork experiences. Young people’s creative, empathetic and
playful reactions to the different citizen science experiences demonstrates a significant
basis for the emergence of eco-citizenship capabilities.

Changes in their perceived relation to animals, plants and the world of nature were
described by some pupils, however, others reflected that their already established affinity
was not changed by the citizen science experience.

Pupils with less affinity for the world of nature benefited from citizen science experiences

and developed a new capability.

Taken together, my analysis suggests that environmental citizen science experiences
have the potential to change the way the participants relate to plants, animals and the

world of nature by;

e Increasing their awareness of it
¢ Increasing their awareness of the human impact on it

¢ Reducing their fear of it

However, for pupils who already have a high level of affinity with plants, animals and the
world of nature, or those with greater experience, the impact of the projects were limited.
Therefore, the eco-citizenship capability of ‘Being able to live with concern for and in

relation to animals, plants, and the world of nature’ (Nussbaum, 2011, p. 34), can be
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supported by school-based environmental citizen science experiences. This is of particular
importance for pupils whose relationship with environmental issues is strongly influenced

by their school experiences.
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Chapter 6: Delving deeper: Eco-citizenship capabilities

Chapters four and five have shown the contribution made by citizen science in schools to the
development of eco-citizenship. Building on these, this chapter takes the analysis to a
deeper level. Utilising the ‘constant comparison’ method that is a key part of the situational
analysis approach (Clarke et al, 2012), the situational and relational maps produced and
analysed in previous chapters will be re-examined in relation to targeted focus group and

survey reflections. By asking;

What conversion factors contribute to the development of eco-citizenship capabilities

in young people’s experience of environmental citizen science in schools?

This chapter intends to delineate some key dimensions of young people’s lived experience
of eco-citizenship (Kallio, Wood and Halkli, 2020), the conversion factors (Robeyns, 2017)
involved and the substantive capabilities (Nussbaum, 2011) derived.

Lived eco-citizenship dimensions

Hayward (2012) suggests that young people have different experiences of environmental
citizenship than adults. Emphasising the everyday experiences that young people may have,
at home, in school or with their friends, rather than ‘adult’ experiences like voting or
environmentally conscious consumerism, offers a way of realistically understanding eco-
citizenship in young people. Kallio, Wood and Hakli (2020) describe lived citizenship in a
way that explores the reality of citizenship in everyday situations rather than relying on the
formal, legal status of citizenship. This analysis draws upon that conception, placing the
embodied experiences and acts of eco-citizenship in the daily life of young people at its core.
As previously discussed, (p. 70), utilising the concept of lived citizenship (Kallio, Wood and
Hakli (2020) offers an approach to considering the citizenship related experiences of young
people as part of the mundane, everyday experience of formal schooling. Situating the
citizen science experience within this conception also acknowledges the non-voluntary

nature of the young people’s participation in the experience.

In this analysis, the four dimensions of lived citizenship, described by Kallio, Wood and Hakli
(2020) were applied as a priori codes in relation to the relevant situational and relational

maps. These are:
Spatial

Drawing on Lister et al (2007), the context and circumstances of life cannot be separated

from the experience of citizenship. This dimension highlights the relationship between the
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global and local citizenship realms, and looks to draw out connections between public and
private worlds. The spatial component of the citizen science experience for the young people
involved took them to local and remote places, constrained within the boundaries of a
school/curriculum-driven situation. Conceptions of place and the material lived experiences
of place (e.g., Lynch and Mannion, 2021, Ma and Green, 2021), both familiar and remote,
will be explored here in order to understand their importance in the citizen science
experience. The opportunities and challenges of these experiences in supporting the eco-

citizenship capabilities of the young people involved will be identified.
Intersubjective

Kallio, Wood and Halki (2020) define this dimension as the intergenerational and
interpersonal relationships that locate citizenship-related experiences within and across
communities. This dimension highlights the relational experiences of citizenship, working
with others, peer pressure, family relationships and communication. In this study, the
intersubjective dimension relates to the peer and intergenerational relationships developed
during, and as part of the citizen science experience. The importance of these relationships
in enabling the pupils to explore their eco-citizenship capabilities will be drawn out and the

opportunities and challenges associated with this will be identified.
Performed

This refers to the actions and practices associated with citizenship, and is related to “acts of
citizenship” by Isin and Neilsen (2008). This dimension describes the constitution of subjects
as citizens in respect to their own actions or behaviours. These actions are those which
assert the individual as a citizen at a range of different scales and positions, not just
individual-group or formal-informal. In the performed dimension, this analysis will identify the
eco-citizenship related actions that take place during the citizen science activity and those

which may be considered by the participants in response to it.
Affective

This dimension looks to illuminate the feelings associated with being a citizen, this can relate
to belonging, in relation to a nation or a community, but it can also be expressed attributes of
care and responsibility. In this study, an analysis of the affective dimension experiences and
reflections will demonstrate the connections that the pupil participants make together with

the natural world through citizen science experience in which they participate.
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Lived Green Citizenship

While lived citizenship is not explicitly defined in relation to environmental or ecological
citizenship, Wood and Kallio (2019) describe the concept of ‘lived green citizenship’ (p. 2), in
which they argue for a greater understanding of the variety of scales and practices that
citizenship encompasses beyond the traditional liberal conceptions. Reflecting on the
participation models suggested by Philips et al (2018), Shirk et al (2012) and Haywood
(2014), environmental action is identified as an outcome. Outcome-focused approaches
contrast with the idea that participating in a citizen science experience itself, could be
considered an ‘environmental action’ and as such be considered as an act of citizenship in
the mundane, everyday sense. This is particularly relevant to consider in the formal
education sphere, where the opportunities to engage in meaningful (self-directed) eco-

citizenship related behaviours may not be easy to come by.

Capabilities and conversion factors

The capability approach (Nussbaum, 2011, Sen, 1993, Robeyns, 2017) offers an alternative
to considering ‘environmental action’ as a key end goal. Instead, taking a processual
approach to the identification of a suite of eco-citizenship ‘capabilities’ that can be brought
into being as ‘functionings’ should the pupils involved feel compelled to do so. Robeyns
(2017) describes three ‘conversion factors’, or “the factors which determine the degree to
which a person can transform a resource into a functioning” (ibid. P.45), ‘personal’ or internal
to the person, ‘social’ or stemming from the society, and ‘environmental’, the physical or built
environment. In this analysis, the ways in which the citizen science experience can be
considered to provide the different types of ‘conversion factor’ will be identified and the

opportunities and constraints of these explored.

Self-reported self-efficacy

Pupils who had participated in the different citizen science projects over the duration of this
research, and two additional classes of pupils who had not participated in any citizen science
in school (n=74), were asked to respond to five statements selected from the Cornell Lab of
Ornithology Evaluation Research, ‘Self-Efficacy for environmental action’ evaluation tool.
The Cornell Lab of Ornithology Evaluation Research survey instruments were selected as
they were designed specifically for use with citizen science experiences rather than
environmental education more broadly. Selection of the self-efficacy survey in particular

related to its explicit definition as “a person’s beliefs about his/her capabilities” (Phillips et al,

161



2018), which builds a picture of the confidence that the young people in this study may have

to actually enact eco-citizenship capabilities. Furthermore, self-efficacy is seen (by Berkowitz
et al, 2005) as an essential component of environmental citizenship, the authors define self-

efficacy as “having the capacity to learn and act with respect to personal values and

interests in the environment” (ibid. p. 230).

The original suite of statements includes eight statements intended for adults, this research
selected the five most appropriate statements for pupils, and omitted two negatively
positioned statements as these can be problematic in ensuring the reliability of a survey

(Hamby and Taylor, 2016, Yan and Tourangeau, 2008).

The surveys were completed after the citizen science fieldwork day, in most cases around
2/3 weeks, and in the case of the non-citizen science patrticipants, as part of Advanced
Higher Biology/Geography classes (it is expected that these pupils would have some
environmental awareness as part of their course of study). It is acknowledged that there are
many factors that contribute to the self-efficacy of young people throughout their school
experience, as such it is not assumed that any differences in the self-efficacy responses are

solely related to the citizen science experience, or lack thereof.

The responses were collated in Microsoft Excel, and changed into a percentage to mitigate
for the differing number of participants in each category (MICCI = 19, OPAL = 21, SFL =9,
NONE = 25). The self-efficacy tool (Phillips et al, 2018) was used to generate an overall
‘score’ for each individual or group involved, however for this research it is also useful to look
at the responses to each statement in relation to the development of eco-citizenship

capabilities.

In order to assign a self-efficacy score, a numerical value was assigned to the pupil
responses (strongly disagree = 1 to strongly agree = 5), for each patrticipant an average
score for all five statements was assigned and then the average for each citizen science

category was calculated.
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Self-efficacy results

Self Efficacy Score

AVERAGE SCORE

MICCI OPAL SFL NONE
CITIZEN SCIENCE TYPE

Figure 25: Self-reported self-efficacy scores

The results of this survey (fig. 25) show a strongly positive self-efficacy for all the groups,
suggesting they generally agree that they have the potential to have a positive impact on
environmental matters. As can clearly be seen there is very little difference between the
citizen science types, suggesting that despite the different topics and approaches taken by
each project, there is little difference between them in terms of the self-efficacy of the pupils
involved. There is also very little difference between the pupils who have participated in
citizen science project (collated average of 3.9) and the pupils with no citizen science
experience. In considering the young people involved in the survey, the pupils who have not
done any citizen science were advanced higher biology and geography pupils and through
exposure to both of these subjects throughout school, they are likely to have experienced
some environmental education. It can therefore be suggested that the citizen science
experience alone does not generate sufficient difference in the self-efficacy of pupils who are
already (at least tentatively) environmentally inclined. It may be useful to extend the self-
efficacy survey to pupils who have not taken environmental or scientific subjects so far in
school, or to those with no specific interest (see recommendations, p. 220 for more on this).
This would be relevant as the volunteers who participate in citizen science beyond school
typically have a scientific background or existing interest (Martin, 2017). One value of
engaging schools in citizen science experience is in accessing young people who would not
typically choose to be involved in environmental education projects. This may be where a
possible difference could be identified in future. It may also be that self-efficacy was not an

effective measure here.
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To more fully interrogate this survey data, each question was analysed separately. Each
statement contained three elements; a capability statement e.g. | am able, or | believe, a
place identifier e.g., nature or the planet, and a solution-oriented term e.g., positive impact or
protect. Relating these elements to the experience of participating in citizen science in
schools, | intended to generate a deeper understanding of the challenges and opportunities
of this for the pupils involved. The five statements included were: | am able to take care of
nature, | feel confident in my ability to help protect the planet, | am capable of making a
positive impact on the environment, | believe | can contribute to solutions to environmental
problems by my actions, and | believe that | personally, working with others, can help solve

environmental issues.

Overall, there is a generally positive identification with environmental self-efficacy, with
‘agree’ being the most common response in all groups across all five statements. Strongly
agree is chosen second most often in the ‘ability to take care of nature’ statement,
suggesting that this statement has the most strongly positive responses. There are strong
similarities between the neutral and strongly agree responses for two statements, ‘I am
capable of making a positive impact on the environment’ and ‘I believe that | personally,
working with others can solve environmental issues’. The remaining two statements have
neutral as their second most common response with ‘I believe that | can contribute to
solutions to environmental problems by my actions’ having a little more strongly agree from
the OPAL participants only, and ‘I feel confident in my ability to help protect the planet’
having the only one response in the strongly agree category, from the MICCI participants.

The subsequent analysis of the self-efficacy survey questions will be included in the relevant
‘lived citizenship dimension’. These statements have been selected for further discussion as
they represent the extremes of responses, some interesting contrasts between groups, or

direct relevance to the lived citizenship dimension.

Lived citizenship dimensions

The spatial dimension

Lister et al (2007) suggest that “citizenship cannot be divorced from its context” (ibid. p. 1).
Using the situational analysis approach to explore the fullness of the ‘context’ of the citizen
science experience, this analysis will show that the pupils have the opportunity to engage in
eco-citizenship actions situated in a pre-determined location that extends into different parts
of their lives. The nature of the physical location varies across the projects and the pupils

undergo a range of physical and sensory experiences and responses to these. In this
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section, the analysis explores the components of the citizen science experience that enable
the conversion of these physical and sensory experiences in place into eco-citizenship
capabilities. In the spatial dimension, this invokes the capability to ‘live in relation to animals,

plants and the world of nature’ (Nussbaum, 2011).

In drawing together the components of the spatial dimension in a relational map (fig. 26),
three themes were created. These offer different ways to consider the environmental
‘conversion factors’ identified in the course of the fieldwork experience. These themes will be

explored here and the opportunities and challenges involved will be identified.

Citizen Science as an environmental conversion factor for eco-citizenship capabilities

sound
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Figure 26: Environmental conversion factor themes identified

‘The real’

Dillon et al (2016), among others, suggests that fieldwork opens up pupils to ‘real-life’
experiences. As environmental education in formal schooling is generally delivered through
geography, science (biology) and voluntary (e.g., eco-schools) programmes, the opportunity
to access complex concepts in authentic situations is thought to be meaningful (Barker,

2005; Boyle et al, 2007; Scott et al, 2011, for example). The citizen science experiences (in
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the cases described here) have multiple ways of contributing to ‘the real’, firstly, engaging
the pupils with the ‘real’ phenomenon, for example, the identification of a soil profile.
Secondly, engaging the pupils in ‘real’ scientific enquiry, e.g., collecting biodiversity data on
a moorland to compare with other moorlands in the UK, and finally, connecting these

components together in a ‘real’ place, for example their school garden area.

The role of ‘real’ experiences in the environment as a conversion factor is an opportunity for
pupils to engage in active eco-citizenship in a supported and scaffolded way. The ‘reality’ of
the contribution is an opportunity to engage with an issue of current and topical importance,
raising the pupils’ awareness of the existence of such projects and the reality (or ease) of
participating. One possible constraint is that citizen science projects may have multiple
intended outcomes and operate over differing scales and as such the curricular connections
may be more or less well defined depending on the project (Roche et al, 2020). In these
cases, the MICCI and SFL projects were developed closely with particular schools, while
OPAL had a wider intended audience including, but not limited to school participation. As

such, connecting the ‘real issue to the relevant curricular ‘place’ may be challenging.

Temporal and spatial constraints exist between the citizen science project needs and the
school timetable. The phenomena or issue in question may only be observable at certain
times of year, if these do not coincide with the availability of pupils to engage, then the
collaboration is either impossible, or compromised. As an example, in the case of the MICCI
project, the initial data collection time was scheduled for spring, to coincide with National
Science Week, however, the more northerly sites were frequently snow-covered at this time,
compromising the data collection process. In discussions with the various school partners,
the data collection time was moved to September, with the intention of enabling wider
participation and encountering less inclement weather. This demonstrates the ‘reality’ of the
project, working collaboratively to maximise the impact, though some compromises have

had to be made, for example, in the comparability of data before and after the date change.

The pupils were exposed to a wide range of physical and sensory experiences during the
fieldwork day. The impact of these, as described in chapter 5, include reducing fear of, and
increasing awareness of, and connection to plants, animals and the natural world. These
physical and sensory experiences are a key part of the ‘real’ experience, feeling the boggy,
bumpy ground underfoot, for example, added a deepened appreciation of the nature of a
moorland that the pupils couldn’t extract from an image or a presentation. The role of this
relational, ‘coming to know’ of the ‘real’ fieldwork site acts as an environmental conversion
factor, bringing the pupils into relation with the plants, animals and the natural world during

their fieldwork day.
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Transitions

The fieldwork experience for most of the groups took place outwith their usual learning
environment. Even when the experience took place in the school grounds, there was the
period of moving between the experience and their ‘normal’ lives. The process of travelling in
single file, over bumpy terrain or getting out of the school through a teacher-controlled exit
delineated the event from the ‘normal’. This disconnect may be part of what makes outdoor
learning experiences memorable and meaningful, however, it also reflects a distance

between the experience and the everyday lives of the pupils.

On the walk back, there was lots of discussion, lots of giggling, lots of
laughter relating to the conditions being wet underfoot, the bogginess,
some pupils slipping and falling, the wellies getting stuck in the mud. The
mood on the way back was much more buoyant than it had been on the

way out, the pupils were more comfortable with the terrain.

Discussion moved on to a Halloween disco that had been cancelled, there
was some chatter about that. There was also some chatter about part-time
jobs, these pupils are Advanced Higher and have bigger, more worldly
concerns in relation to their experience of school. | became conscious of

the ‘normal’ life that they were heading back into.
MICCI School 2 Fieldnotes: 31.10.2019

The transitions into and out of the fieldwork experience marked a boundary between the
citizen science experience and the home/school lives of the pupils. That boundary was
varyingly defined across the projects, in OPAL, the typical close proximity to the classroom
meant that the transition was less dramatic. Contrastingly, the MICCI and SFL projects both
involved lengthy bus journeys and significant travel across challenging terrain to reach the
data collection sites. As an environmental conversion factor, the transition to the fieldwork
site offers the opportunity to take pupils beyond their ‘normal’ classroom and home
environments. The ‘move between’ marking that change and easing the pupils into an
alternative landscape. The scale of the transition can be a constraint however, a short
transition, from classroom to school grounds may be limited in impact, while an extensive
transition may serve to re-enforce the distance between ‘the environment’ and the lives of

the pupils.
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Global and local dimensions of environmental issues

The pupils reflected that the experience enabled them to connect the environmental issues

that they are aware of in the wider global arena to the locations and issues closer to them.
Interviewer: what about for yourselves then, what did you get from it?

Participant 1: it gave us an understanding of how climate change
influences the environment around us, so it’s not just foreign countries and

on telly,

Participant 2: it’s like, happening where we are
MICCI School 2: Focus Group Response: 7.11.2020

This suggests that making the connection to a local example of an issue like climate change
helped the pupils in this study to develop the capability to relate to a complex global issue.
The challenge for the teachers and scientists involved is how to maximise the impact of that
particular experience on the pupils going into their own lives. Some of the pupils from 