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ABSTRACT

As the citizen science (CS) community flourishes, there is an opportunity to reflect on
how practitioners can widen participation and work with participants as co-researchers
to investigate and take action around global challenges. Through the lens of one CS
case study, the X-Polli:Nation project, we report on how technologists, ecologists, and
education specialists repurposed older projects by cross-pollinating ideas with children
and teachers in the UK and in Italy to create Artificial Intelligence-enhanced tools
appropriate for teaching sustainability in schools. Taking part in an actionable CS cycle,
children learn about pollinating insects, record scientific data, create flowering habitats,
and communicate their importance. Through this process, X-Polli:Nation demonstrates
relevance across a number of Sustainable Development Goals (e.g., SDG 4, Quality
Education; SDG 10, Reducing Inequality; and SDG 15, Life on Land), and applies the
underlying SDG principle “leave no one behind.” We go on to investigate if, and how, young
people would like to deepen their engagement with the SDGs, and we report that taking
action and communicating the importance of the SDGs were of paramount interest. The
challenge of building sustainability into an already crowded curriculum can be alleviated
by understanding its value, considering the audience, and adapting to new contexts. The
considerable benefits include raising awareness about global sustainability issues and
giving children the confidence to become passionate environmental stewards, all the
while extending the life of older projects and thus making CS methods sustainable too.
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INTRODUCTION

As the number of citizen science (CS) projects rapidly
increase (Kullenberg and Kasperowski 2016), and new
theories further develop the science of CS (Vohland et al.
2021), scientists and practitioners need to reflect upon how
to widen and retain participation and encourage science
learning and action around sustainability, while continuing
to produce data of value.

Citizen science is a term encompassing a wide range
of approaches and modalities for public participation in
scientific endeavours (Haywood and Besley 2014; Heigl et al.
2019). While voluntary data collection has been around for
centuries, and the term itself dates to the mid-1990s (Irwin
1995; Bonney 1996), CS has gained renewed attention in
recent years because of the opportunities arising from
citizens’ improved access to digital technologies for data
recording, sharing, and verification (Dillon, Stevenson, and
Wals 2016).

This new age has opened opportunities for scaling up
existing projects, while at the same time repositioning
CS from a largely voluntary scientific endeavour reserved
for a select few, to a tool for monitoring process and
engendering action, en mass, in the pursuit of global
sustainability agendas (Fraisl et al. 2020).

Such a change brings forth a number of challenges,
which are both practical and conceptual. If on the one
hand, CS aided by digital tools may contribute to building
larger data sets, on the other, it multiplies audiences and
participants, who may not have had prior involvement in,
or motivation to engage with, CS or sustainability issues.
Conceptually, CS methods for large-scale data collection
may also risk limiting and constraining the types of
scientific contributions and inquiries citizens can make,
often reducing them to data recorders. Here, we contribute
to larger discussions on the potential of CS to promote
wider and deeper participation by examining the impact
of X-Polli:Nation, a CS project which focussed on young
people as the primary actors for change. Bringing together
the different dimensions of CS, we show how involvement
of young people—in and through education—can leverage
participation and support progress on the Sustainable
Development Goals (SDGs).

OPPORTUNITIES FOR CITIZEN SCIENCE TO
CONTRIBUTE TO SUSTAINABLE DEVELOPMENT
GOALS

The Agenda for Sustainable Development (United Nations
General Assembly 2015) provides a framework for “peace
and prosperity for people and the planet, now and into the
future.” Central to this are the SDGs, which all 193 member
states are committed to achieve by 2030. The SDGs include

17 goals (cross-cutting topics), 169 targets (approaches
to address a goal) and currently more than 230 unique
indicators (by which progress on targets is measured).

However, a recent literature review reported a lack of
broader societal awareness of the SDGs, resulting in “little
knowledge of the goals and how people can contribute
towards achieving them” (Cowell et al. 2022, 3). One of
the first publications to address how CS could support the
SDGs (West and Pateman 2017) postulated that it could
make contributions in three areas: 1) defining national
and subnational targets, 2) monitoring progress, and 3)
implementing action. As reported by a recent account by
Fraisl et al. (2020), only a handful of existing CS projects
directly contribute to indicators (one being, for example,
SDG 15.1.2, the proportion of important sites for terrestrial
and freshwater biodiversity that are covered by protected
areas), while all SDGs have at least one indicator that CS
could contribute to (76 in total, i.e., 33% of indicators).
This suggests a certain tension between CS philosophies
and the framework of the SDGs. CS approaches favour
democratising scientific knowledge construction over the
more top-down and prescriptive nature of the SDGs. To this
regard, Ballerini and Bergh (2021) raise the question of how
to reconcile a global agenda with the local contexts that
citizens care about, challenging the assumption that CS
practitioners wish to contribute to SDGs, and whether SDGs
should fall within CS aims.

Dilemmas also arise when considering the differential
requirements, needs, and capabilities of different countries
and communities to collect and manage large datasets. It
is widely acknowledged that participation in CS is typically
restricted to a few privileged demographics, raising
concerns about representativeness of data and “whether
individual, societal, and environmental benefits are evenly
distributed” (Pateman, Dyke, and West 2021). This problem
is compounded by the common challenge of “securing
both project longevity and volunteer participation over the
long term” (Gupta, Slawson, and Moffat 2022). Progress on
targets of the SDGs needs to be reported over long time
periods, yet CS project funding is often short-lived, and
volunteer engagement over the long term can be difficult
(Cowell et al. 2022). Crucially, this means that there is still a
significant gap between the potential for CS to expand and
improve the monitoring apparatus for measuring progress
on SDGs, for example by including wider geographical areas,
and CS capacity to catalyse the involvement of diverse
communities in taking action towards global sustainability
issues.

Ldmmerhirt et al. (2018) suggests that there is power in
creating new kinds of relationships between governments
and civil society. For example, engaging young people in
science outreach and connecting more effectively with
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formal and informal educational settings can help with
making CS and the SDGs a part of the general culture.
But this requires a shift from understanding young
citizens as contributors to science and policy discussions,
to addressing the core meaning of collaboration (Head
2003). If contributory CS projects go beyond functional
involvement in pre-designed tasks, they can be designed
to help overcome barriers to young people’s participation.
Some of these barriers may be hidden and quite unexpected
(Severcan 2015), for example when a project seeks to
involve young people from disadvantaged communities,
with different levels of digital access (Colucci-Gray 2022),
and/or with different levels of digital and scientific literacy
(van Haeften et al. 2021). Hence, building design flexibility is
a way to enhance participation from diverse groups (Dupret
and Chimirri 2018). Furthermore, deeper collaboration also
means to proactively design a project that allows young
people time to question, discuss, or develop the materials
they work with (Hargreaves 1992) by contributing their own
perspective on what matters (Spinuzzi 2005).

The dilemmas of CS and the SDGs are thus reframed from
a purely data-driven exercise (filling an evidence gap), to an
opportunity of participation in and for education. It brings
into focus how CS can act as a leverage point to promote
engagement and action around sustainability issues.

Here, we narrate the process by which we developed
X-Polli:Nation, an actionable CS project co-designed with
schools to involve school children in biodiversity monitoring
and learning and in action around environmental
sustainability. We then discuss the successes in developing
this CS methodology for its use in primary and secondary
schools. We highlight how it both raises awareness and
supports action, especially towards SDGs 4, 10, and 15 on
quality education, reducing inequality and life on land by:

* supporting teaching about ecological sustainability
through science learning around pollination,

» providing equitable access to nature and science
learning through formal schooling,

+ feeding into national level biodiversity data collection
initiatives,

+ creating habitat in otherwise barren spaces, and

* building a cohort of informed and passionate young
pollinator advocates and champions.

ENGAGING YOUNG PEOPLE IS KEY TO LONG-
TERM SUCCESS

“The UN recognizes young people as rights-holders, and
promotes and facilitates transparency, accountability,
and responsiveness from governments, international
organizations and others toward young people.” This,
however, does not appear to have filtered down to all
national governments. For example, in England, there is not

yet any mention of the SDGs, or indeed sustainability, in the
Primary or Secondary National Curriculum. Also, in contexts
such as Scotland, where sustainability is recognised in policy
(Christie et al. 2019), teachers find it challenging to balance
conflicting priorities of teaching and assessment of specific
subjects versus the broader capacities of collaboration and
participation (Colucci-Gray 2022).

However, school-based CS has been identified as a
means for improving science education standards a
decade ago (Trautmann et al. 2012), with proven benefits
to pupils via increased motivation to learn science in real
contexts (Kelemen-Finan, Scheuch, and Winter 2018) and
development of compassionate attitudes towards nature
(Hofstein, Eilks, and Bybee 2011). A review of secondary
data on the US SciStarter platform (Ciasullo, Manna, and
Palumbo 2019), and a long-term neuroscience CS project
in Catalonia, Spain, (Ruiz-Mallen et al. 2016) showed that
the real contribution of CS lies with the enhancement of the
relationship between teachers and pupils, engaging them
together in a co-creating partnership intended to address
real scientific issues at school. Examples of CS projects
involving primary school children testify to the importance
of involving children in sustainable actions and behaviours
at ayoung age, by stimulating pupils to work collaboratively
with peers and their teachers to find positive and creative
solutions to topics and problems that are relatable to them
in their own communities (Merzagora and Jenkins 2013).

Departing quite significantly from  conventional
environmental education practice, designed to change
behaviours, CS has been distinctly conceptualised as a
value co-creation activity, aiming to establish a social
ecosystem of interdependent actors, which enhances
their ability to produce meaningful knowledge (Meynhardt,
Chandler, and Strathoff 2016). This is particularly important
in the face of climate emergencies, biodiversity crises, and
widening inequalities, as such challenges will be faced by
future generations and will particularly apply to the pursuit
of the SDGs.

This article contributes to the growing discussion on CS
and monitoring progress towards SDGs by (a) illustrating the
importance of close collaboration between academics from
different disciplines, education practitioners, and young
people in co-designing tools for CS and (b) illustrating the
value of CS as a cultural lever for changing the discourse in
education from curriculum delivery to addressing together
the big questions faced by humankind at this time (Dillon,
Stevenson, and Wals 2016). By re-directing attention
in education towards young people’s participation, we
argue that CS can not only play a significant role in
raising awareness about the SDGs’ framework but also in
monitoring progress and taking action towards the SDGs,
thus helping to reshape the agenda and targets themselves
(Spinuzzi 2005; West and Pateman 2017).


https://www.un.org/sustainabledevelopment/youth/
https://www.un.org/sustainabledevelopment/youth/
https://www.un.org/sustainabledevelopment/youth/
https://www.un.org/sustainabledevelopment/youth/
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DESIGNING THE X-POLLI:NATION
CITIZEN SCIENCE PROJECT

X-Polli:Nation (xpollination.org) was set up to cross-
pollinate ideas, methods, and technologies for pollinator
citizen science and adapt them for use by schools. Through
a process of co-design that included academics from
different disciplines, national biological recording schemes,
school children, and teachers, we brought together existing
CStoolsdesigned for adults torecord pollinating insects, and
we created a methodology for actionable CS. These existing
tools included pollinator CS surveys such as Polli:Nation,
species identification platforms such as BeeWatch, Ttalian
adaptations such as Polli:Bright, and others. Rather than
reinventing the wheel, amalgamating in this way enabled
us to rapidly and efficiently draw together a holistic package
of resources, which were already trialled and tested for
their basic function and ready to be adapted for different
audiences and uses. X-Polli:Nation also functions as a hub
with an accompanying flexible package of educational
resources for linking school children (students), teachers,
education professionals, and academics from different
disciplines across the UK, Italy, and further afield.

X-Polli:Nation was designed as a cycle of actionable CS
(Figure 1), supported by a package of free tools and resources
for children first to learn about pollinators, including how to
distinguish them to species level (Siddharthan et al. 2016;
van der Wal et al. 2016) and to understand their feeding
behaviours (Wibowo et al. 2017); then to record data about
them for science (Anderson et al. 2020), and to take action
by creating habitat and campaigning for them. A key design
feature of X-Polli:Nation is that it supports multiple learning
journeys. Schools and students could choose to engage
with any or all of the four steps of the CS cycle (cf. Figure 1)
and determine the extent of their involvement. The project
used the topic of pollination, already part of the curriculum,
as a means to engage children with ecological processes,
sustainability issues, and the global challenges of today.

Participants were recruited through our partner
organisations, Learning through Landscapes (UK) and
Natural History Museum Maremma (Italy), both outdoor
education specialists. On the South Coast of England,
mainstream primary and secondary schools were
recruited, as well as those that specialised in supporting
students with complex social and emotional skills (10 in
total); and in Italy mainstream kindergarten, primary,

r

Communicate the
importance of
pollinators

U

Learn about pollinators

e%

Plant habitat for J
pollinators

Record data about
polllnator visits to flowers &

Figure 1 The X-Polli:Nation citizen science cycle (middle) with illustrative photographs taken in a participating school.


http://xpollination.org
https://xpollination.org/about/
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and secondary schools (51 in total) were supported. In
both countries, there was a mixture of schools involved
in earlier projects (e.g., Polli:Nation and Polli:Bright) and
those new to the materials. Participants were reached
through the xpollination.org website, social media, and
local recruitment activities (carried out by botanic gardens
in Italy and Learning through Landscapes in the UK).

POLLINATOR CITIZEN SCIENCE AS A MEANS TO
TEACH ABOUT SUSTAINABILITY

Reported declines of insect pollinators poses genuine
questions for both scientists and citizens (Dicks et al. 2021;
Gill et al. 2016) owing to their key role in food security
(Klein et al. 2007; Woodcock et al. 2019) and plant health
(Ollerton 2021). Pollination is already a central topic in the
science curriculum. Moreover, it is amenable to study in
school grounds. This enabled hands-on action to safeguard
pollinators, and X-Polli:Nation quickly expanded to creating
pollinator-friendly habitats and recording data in school
grounds. Schools were introduced to sustainability issues
through pollinators, as the project taught about biological
relationships and processes and human impacts on these,
and further enabled and encouraged students to create
their own inquiries around nature.

The theme of Pollination allows for a discussion of a
range of interconnected global goals. A United Nations page
devoted to bees suggests that by acting as pollinators, bees
promote biodiversity (SDG 15), fight hunger (SDG 2), and
provide decent jobs (SDG 8) in agriculture and other sectors,
all contributing to the elimination of poverty (SDG 1). They
maintain balance in our ecosystems, but these free service
providers are under pressure from a variety of forces. Indeed,
Patel et al. (2021) suggest that beyond these specific SDGs,
the centrality of pollinators in supporting the ecological
web is such that bees (as one of the most important insect
pollinators) potentially contribute towards 15 of the 17 SDGs
and a minimum of 30 SDG targets. Pollinators are thus a
particularly useful way to understand the potential for CS to
address the SDGs because they constitute targets that are
relevant globally as well as to specific locales, thus bridging
local and global concerns with everyday practical actions.

CO-DESIGNING TOOLS FOR USE IN SCHOOLS

The core of X-Polli:Nation is a CS survey enabling students
to collect vital data about pollinator species groups
(e.g., butterflies, bumblebees, beetles) and their feeding
preferences in the same format as that submitted by adults
to national schemes, but using field guides, tools, and
forms designed for a younger audience. Following standard
protocols for biological recording, students mark a 50 x 50
c¢m quadrant in a flowering patch and record the numbers
of insects from each group that visit during a 10-minute

period. For recording data on pollinators, we ligised with
European and UK Pollinator Monitoring Schemes and made
use of the facilities provided by the Italian Institute for
Research & Protection of the Environment (ISPRA).

In addition, detailed species-level data for two groups
(bumblebees and butterflies) were collected through the
Planting for Pollinators platform, repurposed from the
concluded BeeWatch project (van der Wal et al 2016).
Students contributed to the design and implementation of
X-Polli:Nation, resulting in the creation of a comprehensive
suite of computational tools that used Artificial Intelligence
to support learning activities with students through various
stages of the cycle in Figure 1. These tools were (a) species
identification training (cf. Figure 2), and (b) interfaces to
explore species-level pollinator preferences for flowers
(cf. Figure 3) and to receive pollinator-friendly planting
recommendations. In parallel, the team created interactive
online learning materials covering the value to society and
the environment of pollinating insects, the threats they
face, and 10 simple actions children can take to support
pollinators.

Initially, to co-design the tools, the project team worked
closely with 16 students, aged 8-11, in a state primary
schoolin the UK (see Supplemental File 1: X-Polli:Nation Tool
Student Feedback [29.3.19]). Students were members of a
school club, The Hive, an enthusiastic group with interest
in pollinators, conservation, and sustainability, led by their
trailblazer teacher, a champion for outdoor education. This
process started with a day-long workshop in March 2019,
facilitated by engagement specialists, technologists, and
teachers. It involved an exploration of the tools, followed by
an interactive evaluation session. This involved approaches
such as “voting with feet,” in which students were asked
to move to “yes” or “no” banners situated at opposite
ends of the room, posting counters in voting boxes, and
open discussions with a facilitator. The digital interface
was amended and then, after completion, the tool was
presented to students in June 2020 on iPads for further
feedback. This second feedback session involved 8 pupils
(a mixture of year 5 and 6, boys and girls), some of whom
had used the tool previously and others who had not. This
was facilitated by a schoolteacher who provided written
feedback notes (see Supplemental File 2: X-Polli:Nation
Tool Teacher Feedback [18.6.20]). We used the co-design
process primarily to adapt the tools to increase their interest
to and usability for children. We made the interfaces more
visual and reduced and simplified the text presented. We
also identified interface elements that were increasing
workload; for example, dropdown lists proved difficult to
navigate and were replaced in the interface with lists of
buttons that could be selected (cf. Feature Filters in centre
of Figure 2). Through co-design, we also calibrated difficulty


http://xpollination.org
https://bees.undp.org/
https://bees.undp.org/
https://plantingforpollinators.org/pfp/index.php?r=species/index
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Figure 2 Screenshot showing the species identification training tool with four difficulty levels. Users can use the keys in the middle to filter
out species that do not match selected features. The Hard and Harder difficulties also offer suggestions for likely species using automated
image recognition.
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Figure 3 The Planting for Pollinators tool where users are able to click on a species of bumblebee found in the UK and find out the flowers
that citizen scientists most frequently record this bumblebee visiting; in addition, users can discover threats to bumblebees.

levels on the task so that the easy level helped learners to students voted yes. Knowledge and confidence in species
identify the eight most common species in the UK, and identification increased from using the tool (14/16 [88%]
the three further levels introduced species that are more were more confident in identifying bumblebees after using
difficult to distinguish and scaffolded learning through the tool; 15/16 [94%)] for butterflies), and 15/16 (94%)
suggestions from automated image recognition. students stated an increased interest in nature after the

The co-design process highlighted that students found it activities of the session. Our impression from observing the
stimulating to help design the tools. When asked “Did you study and interacting with the students afterwards was

like providing feedback about scientific tools?” 14/16 (88%) that they overwhelmingly enjoyed using the tool (indeed,
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one student who had just completed the second round
of feedback said, “this is actually fun!”) and were keen
to recommend it to their friends and families. Students’
keenness for using the tools has since been observed
across schools.

The project and its materials required some redesign for
use in Ttaly. Apart from the obvious language translation,
some plant species (flowers) and many insect species
(pollinators) are different in Italy than in the UK. We tried
to keep the ones common to the two countries to enhance
future comparisons of the results, but had to find substitute
species where this was not feasible. Another macro
difference is the location where the data collection was
performed, and in Italy, a choice was made to leverage the
botanic gardens managed by the partner Universities as they
offered grounds for planting and data collection exercises.

CONTRIBUTIONS TO THE SUSTAINABLE
DEVELOPMENT GOALS

The 2030 Agenda for Sustainable Development “provides
a shared blueprint for peace and prosperity for people
and the planet, now and into the future,” which resonates
with the original aims of the X-Polli:Nation: to benefit
People, Pollinators, and the Practice of CS. More than 3,000
participants (200 teachers and 2,800 students) have been
involved in X-Polli:Nation across the UK and Italy with
our direct facilitation, mainly focussed in two regions:
Hampshire and Tuscany, respectively. We are aware of
these students reaching out to 817 other members of
their community to spread the word about protecting
pollinators. It is likely that others have benefitted from the
project, as all our resources are freely available online. The
www.xpollination.org website, launched in April 2020, has
been visited more than 15,000 times up to November 2022.
Our @XpolliProject (#XPolli,#PolliPromise) Twitter account,
launched in September 2020, has more than 300 followers
and 8,000 views of posted videos up to November 2022.

RELEVANCE OF X-POLL:NATION ACROSS
MULTIPLE SDGS

While the project was not conceptualised taking into
account SDGs specifically, we discuss how relevant our
project goals are to SDG 15, Life on Land (by learning
about, recording, and taking action for pollinators); to SDG
4, Quality Education (by developing new and engaging
ways of teaching sustainability); and to SDG 10, Reducing
Inequality (by including children in conversations about
sustainability and providing, through schools, an equitable
opportunity for children of all backgrounds to experience
outdoor science learning while exploring nature).

One key validation of our approach for SDG 4, Quality
Education, comes from the UK’s school requlating body
Ofsted, which last year inspected a school during their
participation in X-Polli:Nation and explicitly mentioned
their pollinator work in awarding them the highest rating
of “outstanding” for personal development. It was the
students in this school that came up with the idea of the
Pollinator Promise, an initiative that has become a core
element of the communication aspect of the X-Polli:Nation
CS cycle and is now referenced on the Department for
Education (England) blog. When you sign up to the
Pollinator Promise, you pledge to put aside single or
multiple 1 m x 1 m areas in your garden, school grounds,
or business to grow pollinator-friendly plants. By November
2022, 2126 Polli-promises have been made to create 5,290
m? of pollinator-friendly habitat. While it originated in
one small school, the initiative expanded nationally and
internationally. Pupils even wrote to their local MP and
gave a presentation that was the subject of a subsequent
Parliamentary conversation on Twitter, demonstrating the
impact children can have.

The Pollinator Promise is an example of how young
people can inspire and encourage others to take action in
support of SDGs. Creating and maintaining wildlife-friendly
habitat is key to SDG 15, Life on Land, as is the process of
raising awareness, promoting action, and communicating
to local communities about biodiversity loss. X-Polli:Nation
also supported this goal through data collection about
pollinating insects and their feeding preferences. Up until
November 2022, we have collected from schools 2,386
records of pollinating insects through 238 timed surveys
in the UK and 3,126 records through 327 timed surveys
in Italy. Students, teachers, and scientists have all shared
findings from the project in different forums, hosting a
workshop at the 2020 European CS Association (ECSA)
Conference, presenting a keynote at the UK’s Young Nature
2021 Conference and Wildlife Trust’s “Wilder” strategy,
and culminating in a celebratory event with 170 primary
and secondary school attendees from UK and Italy. The
project’s approaches and resources were shared on a
global platform at a COP26 Green Zone event in Glasgow in
November 2021, also receiving 1,900 views on YouTube by
November 2022.

INCLUSIVITY UNDER CHANGING
CIRCUMSTANCES

The COVID-19 outbreak highlighted a significant
equity challenge amongst pupils who lacked access to
educational resources and technologies at home, as well
as access to nature and the opportunities and benefits
of learning outdoors (Brooks et al. 2020; Colucci-Gray
2022). X-Polli:Nation launched just before the pandemic


http://www.xpollination.org
https://twitter.com/XPolliProject
https://xpollination.org/pollipromise/
https://teaching.blog.gov.uk/2022/11/11/supporting-pupils-learning-and-development-through-engagement-with-nature/
https://teaching.blog.gov.uk/2022/11/11/supporting-pupils-learning-and-development-through-engagement-with-nature/
https://www.youtube.com/watch?v=76oloGAqtBc
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hit. The key impacts of the pandemic on mainstream
schooling were severe, with initial school closures, then
removal of access for external organisations to schools
for face-to-face delivery, and increasing constraints
placed by schools struggling to catch students up with
the existing curriculum. The project capitalised on the
interest of schools seeking to meet the needs of children
with additional learning requirements and behavioural
challenges. The hands-on habitat creation work proved
therapeutic for some, who chose to skip the data collection
CS elements. However, some neurodiverse students really
enjoyed learning to identify species using the Al-enhanced
species-identification keys. Lockdown also presented some
opportunities for more outdoor learning, as mainstream
schools stayed open for those students who had key worker
parents. One school applied X-Polli:Nation as a mechanism
to build on their maths skills and to bring their whole
community together. They named it Seeds of Hope and
gifted bags of seeds to the community (300 bags) to help
with the pandemic recovery. They won a UK government
award as part of the Census 2021 Let’s Count programme,
and also won a Hampshire Wildlife Trust “Wilder School
of the Year” award for their work on the Polli Promise, and
were noted in a National Lottery Award.

One X-Polli:Nation facilitator (outdoor education
specialist) worked directly with 1,113 students (ages 4-16)
and 96 teachers through 15 workshops at 10 schools from
2020 through 2022. She provided written feedback on each
of the sessions (see Supplemental File 3: X-Polli:Nation
Adaptations within Schools—Facilitator Feedback), and
we also had written correspondence with teachers (with
permission to share feedback). From this information, it was
clear that teachers were happy to pick and choose different
elements of the cycle as a starting point (some starting
with habitat surveys and creation, others with species
identification), and to adapt the resources for their contexts
(e.g., one teacher noted, “I varied the pace of the session
by interspersing with more physical games”). Teachers
also found that the resources were applicable for areas of
learning not explicitly linked to by X-Polli:Nation (e.g., one
said, “We linked it with our computing [video editing] and
personal development [pupil voice and advocacy]”).

Some teachers found it challenging to get time
outdoors, and there were several technical challenges. For
example, students in many schools are not allowed to have
accounts on external sites, and school iPads are not on
mobile networks, limiting the use of technology outdoors.
We adapted our tools and Open Learn resources to not
require logins, and our recording platform to allow a single
school login managed by a teacher. However, because CS

surveys need to follow a standardised protocol, (e.g. the
survey could be conducted only when the temperature was
above 12 degrees Celcius) and there is a need to input data
from paper surveys into the computer when back indoors,
in some situations, planned surveys either could not be
conducted or were not uploaded to the recording platform.

Yet, it was encouraging how positively children’s
participation was noticed by the facilitator, with one
commenting, “all children appeared motivated, and it was
clear at the beginning that some students did not know
the connection between a plant and the insect visiting it.”
It was students who gained the most out of these sessions,
and the most activity (whether through data collection or
planting) happened when teachers and facilitators actively
worked together to plan and deliver the sessions.

The experience of X-Polli:Nation yielded the overarching
lesson that flexibility and a variety of entry points into the
cycle were key to enable participation of children, and
to gain the collaboration of teachers to get involved in
hands-on field-based studies and data-driven science as
practised today. Understanding this way of learning is key
for engaging pupils from multiple locales in CS activities,
giving the chance to adapt them to their particular context
but also feeding back into the project resources for further
adaptation, in line with the SDG principle, “Leave No One
Behind,” and SDG 10, Reducing Inequality.

APPETITE FOR TAKING ACTION FOR THE SDGS
IN SCHOOLS IN THE FUTURE

The premise of X-Polli:Nation was that involvement in
biological recording and species identification is the
window and process by which students become connected
with their local nature, and interested in global challenges.
The questions then were: Had the participating children
and teachers heard of the SDGs? Were they interested in
contributing to them?, and if so, How?

Initial discussions with school and community members
at a school event where X-Polli:Nation held a stall indicated
that none of the students asked had heard of the SDGs
but that parents thought the topic of pollination could be
relevant to multiple SDGs (Figure 4). In order to investigate
knowledge of SDGs and whether there was appetite to
adapt X-Polli:Nation to align with SDGs in a systematic
way, an online survey for students was sent to 10 schools
enrolled on the project.

Invited by the X-Polli:Nation facilitator and their teachers,
30 UK students took part in the questionnaire, all of whom
were aged 8-11. Results indicated (see Supplemental File
4: X-Polli:Nation & SDG Student Evaluation) that by taking
part in actionable CS projects such as X-Polli:Nation, most


https://www.youtube.com/watch?v=bmYBgk2aAEY
https://www.hiwwt.org.uk/news/winners-first-ever-wilder-annual-awards-revealed
https://www.hiwwt.org.uk/news/winners-first-ever-wilder-annual-awards-revealed
https://www.open.edu/openlearncreate/course/index.php?categoryid=417
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Figure & Photo of engagement activity at the St Alban’s School Nature (and Sustainability) Roadshow event, May 2022, which asked
visitors which of the SDGs they thought were relevant to pollination (those stuck on painting of Bumblebee; those left below X-Polli:Nation

logo were ones they didn’t think were relevant).

students felt optimistic that their input could make an
impact—27/30 students (90%) scored over 7 or above on
a scale from 1 (no impact) to 10 (change the world) (cf.
Figure 5).

Concerningly, albeit unsurprisingly perhaps, 28/30
students (93%) had not heard of the SDGs; however, when
they were explained, two thirds of students said they
would like to contribute towards them, and the two most
popular ways were through taking action (15/30, or 50%
of students) and by communicating the importance of the
SDGs to others (also 15). The collection of data was less
appealing; however, still a third of students (10) said they
would like to record trends, and a higher number, 13 (43%),
would like to learn more about the SDGs (Figure 6).

Contrary to students, teachers had indeed heard of
the SDGs, and discussions with them suggested that their
interest in getting more involved in teaching in line with the
SDGs was very similar to the students; both favoured taking
action and communicating the importance of global issues
over learning and data collection.

There were, however, a number of barriers identified,
including the overloaded curriculum, lack of support for
teachers for outdoor learning, and working within the
parameters of how schools are inspected.

Nevertheless, teachers were enthusiastic to support
their students to make a difference for people and planet,
and they identified practical connections across topics and
disciplines:
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Figure 5 Student (n = 30) responses to the question “On a scale of 0 (no change) to 10 (change the world), what impact do you think that
you can make by taking part in projects such as X-Polli:Nation?’

1. Learn about SDGs

2. Collect data for SDGs

3. Take action for SDGs

4. Communicate the importance of SDGs

Interest in involvement with SDGs

5. Wouldn't like to contribute to SDGs

o
N
N
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Number of students

Figure 6 Student (N = 30) feedback on how they would like to contribute to global issues (such as the SDGs) to support the health of the
planet and people. Students could select multiple options.
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“Discuss global impacts on every topic I teach! Think
global - act local!”

“It’s about listening to students, hearing what is
important to them, with sincerity. Then, give them
opportunities to put this into action, in ways that are
of interest to them. I would like to explore ways of
incorporating the arts too.”

Multiple comments came back to the fact that taking
action for goals is within everyone’s reach, and this is a way
to make the global goals relevant on a local level.

DISCUSSION

Building upon models developed by practitioners in the field
of CS-SDG, we have demonstrated how one such case study
project, X-Polli:Nation, can adhere to the underlying principles
of SDGs, can align with different SDGs, and can directly
contribute to the sustainability agenda in different ways.

RELEVANCE TO PRINCIPLES AND ACROSS GOALS
By partnering with school children in the pursuit of
pollinator citizen science, the project built on the
“fortuitous alignment” approach that Cowell et al. (2022)
took, inherently aligning principles of quality and equitable
education with ecological awareness and action. Following
Spinuzzi (2005), we showed how this project engaged with
a CS approach to establish a particular kind of research
practice, by inviting a diversity of contributions and
enhancing different sets of capabilities. This was visible
in the experience of X-Polli:Nation from when it was first
set up: Participation in the project was motivated by the
desire to take action towards environmental issues people
fundamentally cared about, and participants took an active
part in co-designing methods and objectives. This approach
proved particularly powerful during the pandemic, by
enabling different modalities for participation, each one
attending to different needs, and each one addressing
unexpected barriers (Colucci-Gray 2022). For example,
when the team adapted the tools and survey method for
use by schools, it enabled children from a wider range of
demographics to participate in our CS project, including
those with physical, learning, and behavioural challenges.
It was also witnessed that most children were almost
surprised to be taking part in real science, and felt valued
and motivated by being told that they were contributing
to the scientists’ work: Learning became purposeful, and
collaboration effective (Head 2003).

DIRECTLY CONTRIBUTING THROUGH DIFFERENT
PROCESSES

It is important not just to consider the principles and
goals themselves but the different ways in which CS can
contribute as outlined by West and Pateman (2017):
defining national and subnational targets and metrics,
monitoring progress, and implementing action. In this
regard, it is important that CS projects play a role beyond
mundane data collection. Schools are an inclusive network
for environmental monitoring as they exist in every society,
teach a diversity of cultural and social backgrounds, and
are fundamental in educating the future custodians of
our planet. In X-Polli:Nation, we have seen first-hand
the impacts of CS methods on participating schools and
students, and how it has connected them to nature and
made them keen to take actions in support of sustainability
goals. This is important when considering the barriers
of an overcrowded curriculum and conflicting policy
priorities (Christie et al. 2019). The evidence from teachers
and the Ofsted authority gathered through our project
showed that CS can offer a powerful approach to develop
scientific literacy while developing a broader set of civic and
ecological capabilities for children.

EVOLVING CITIZEN SCIENCE PROJECTS
Research funding cycles are set up to award novel concepts,
and thus funds are typically allocated to creating whole new
suites of tools, approaches, and collaborators. More often
than not, at the end of a funding cycle, all of those resources
and the communities they supported are lost. Added to
this, the siloed way in which some projects, departments,
and organisations operate mean that often practitioners
are unaware of similar plans or existing projects, or are in
competition with them. This leads to a landscape where
data is not joined up and the array of seemingly similar
activities becomes confusing for participants.
X-Polli:Nation explicitly tried to address—and avoid—
these pitfalls. The project evolved and continues to
evolve by design, reusing and adapting existing tools and
resources, and exploring different funding routes to further
develop different elements of the CS cycle (cf. Figure 7).
Through these different research projects, we
are building a network and resources under a single
X-Polli:Nation umbrella so that (a) teachers and children
can more effectively learn about, record data on, take
action for, and spread the word about the importance of
pollinators; (b) new teachers and schools can join and learn
from existing ones and from the available online materials
at www.xpollination.org; (c) existing teachers and children


http://www.xpollination.org

Lakeman Fraser et al. Citizen Science: Theory and Practice DOI: 10.5334/cstp.567 12

National Geographic funds awarded for

partnership

*In UK Polli:Nation resources, Beewatch and Planting
for Pollinators technology & Polli Promise campaign
fed into collaborative project.

«|n Italy Polli:Bright resources and lessons informed
international element.

*Schools engagement programme begins in-person
and online.

«Citizen science survey aligned with PoMS.

eTechnology adapted for new audiences through co-
design.

December 2018 — December 2020

artificial intelligence

November 2019 — November 2022

Italian Funding supports further roll

out

*Tuscany Environment Foundation
facilitate the dissemination of the
programme across region and beyond.

*Project features on Italian National

Biodiversity Network (NNB). Cross-Europe
pollination talks consider use of protocol.

September 2021 — November 2022

)4

Research funding awarded to develop

*Online learning launched during Covid lockdowns.

eFunding received from EPSRC for integrating Al into
biological species identification tool: Human-
Computer Collaborative Learning in Citizen Science.

*Funding received from EPSRC for developing haptic
technologies to encourage scientific enquiries
through touch: Sensory Explorations of Nature in
School Environments (SENSE).

Figure 7 Direction of evolution of X-Polli:Nation through funding cycles in the UK and Italy.

can continue to discover new materials and tools as they
are developed through our projects over longer timeframes;
and (d) we can learn from adapting the resources for
different contexts and apply these approaches to relevant
frameworks (for example, the SDGs).

NEXT STEPS: HOW TO DEEPEN ALIGNMENT
WITH THE SDGS

Amongst participating students, teachers, and citizen
science practitioners there was a unanimous wish to
contribute more deeply to the Sustainable Development
Agenda. Though addressing the SDGs requires top-down
commitments from governments, the SDGs can also be
seen, on a personal level, as a sort of to-do list to live on
a sustainable planet, a clear roadmap for a better future.
X-Polli:Nation lends itself towards such an approach of
taking personal responsibility for living sustainably, and
X-Polli:Nation recently worked with Human, an Italian
start-up (www.human-sustainability.com), to promote
this idea. Human developed the recently launched MySDGs
app, which invites the public to set personal goals aligned
with the SDGs for a more sustainable approach to daily life,
and carry out actions offered by the app that help achieve
the SDGs. Participating in X-Polli:Nation is one such action
offered by the MySDG app. We look forward to exploring
how such personal connections with SDGs can impact CS
practice, and particularly any impacts on participation for
children from different communities.

If the UN systems would allow, there is untapped potential
to ensure that the data journey not only ends up with
professional scientists within the project team, but continues
its journey through to monitoring of the indicators and targets
themselves, one of which will include digital equity. Most
fundamentally, further embedding these approaches could
speed up the integration of the UN convention of the Rights
of the Child within the education system, of which Scotland is
the first nation to have fully adopted (Colucci-Gray 2022), and
make sustainability core to children’s experience at school.
In line with Ldmmerhirt et al. (2018), this would significantly
strengthen science-society relationships, through closer
collaboration across a network of practitioners in the CS-
SDG arena, a call which we are enthusiastic to embrace as it
resonates with our original premise to cross-pollinate idecs,
methods, and technology for pollinator CS.

CONCLUSION

We have reported on a citizen science project that involves
school children in multiple stages of the scientific process,
promotes actionable CS, and supports children in adopting
and promoting environmentally friendly behaviours. Our
initial goal was to help children develop new scientific and
citizenship competences as well as connectedness with
nature, essential for environmental conservation, wellbeing,
quality of life, social inclusion, and employability. Over the


http://www.human-sustainability.com
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course of the project, however, we grappled with important
aspects of children’s participation in significant issues that
affect their lives. Integrating sustainability into an “already
crowded curriculum,” as one teacher put it, brings with it
challenges; however, one of the key lessons we learnt was
that it is indeed possible if flexibility and a variety of entry
points into the actionable CS cycle are designed into the
programme. We found it crucial to:

1. Consider the value: Given the wider context of CS
practices, educational needs, and the SDG landscape,
is there value for participatory projects and topics that
nestle within this cross-disciplinary space?

2. Understand participants: Given the pressures both
teachers and students are under to meet performance
requirements, what motivates children and their
teachers to work together in contributing to SDGs?

3. Adapt for different contexts: Considering the
different levels of digital and scientific literacy
across communities and contexts, can we design a
programme that is flexible enough to meet the varied
needs of different schools, teachers, and students?

Addressing the dilemma put forward by Pateman, Dyke, and
West (2021) of increasing uptake of CS for sustainability when
information or resources may be limited, we found that co-
design was a very powerful experience for children. Students
enjoyed CS because they felt they were contributing to real
world data, but also because co-design empowered them
and made them feel listened to. We also witnessed students
gain the confidence to become passionate environmental
stewards, and translate attitudinal change into civic action
in support of the SDGs. Evidence from this project thus points
to a significant shift in the way CS may be understood: not
simply as a tool for doing science, but most importantly as a
process for defining “what” science, and helping communities
of young people in society to take action in the face of global
environmental change. We go as far as suggesting that such
a shift brings with it an important shift in education too,
moving epistemic justice and the practices of children and
teachers in schools to the forefront of knowledge-generation,
paving the way for a sustainable future.

SUPPLEMENTARY FILES

The supplementary files for this article can be found as
follows:

* Supplemental File 1. X-Polli:Nation Tool Student
Feedback [29.3.19]). DOI: https://doi.org/10.5334/
cstp.567.51

* Supplemental File 2. X-Polli:Nation Tool Teacher
Feedback [18.6.20]. DOL: https://doi.org/10.5334/
cstp.567.52

* Supplemental File 3. X-Polli:Nation Adaptations
within Schools—Facilitator Feedback. DOI: https://doi.
org/10.5334/cstp.567.53

* Supplemental File 4. X-Polli:Nation & SDG Student
Evaluation. DOI: https://doi.org/10.5334/cstp.567.s4
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