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Abstract. One of the most important challenges Europe
faces to date is the need for a drastic increase in the ex-
traction, production, and recycling of critical raw materials
to meet the demands of renewable energy technologies, as
specified in the European Union’s climate targets. However,
this topic is not widely discussed amongst publics and is
underrepresented within the field of informal education and
public engagement. This pilot study describes the develop-
ment of a public engagement toolkit called “GreenDealz”
that aims to address this gap. We focus specifically on the
festival environment as an informal education setting. Green-
Dealz was created via an iterative process informed by in-situ
data collection across six cultural/arts and science festivals
in Ireland. GreenDealz engages informal audiences through
a supermarket experience, where participants must choose
key critical raw materials to build essential renewable energy
technologies and achieve EU climate goals. Evaluation is in-
tegrated into the tactile experience of GreenDealz. Embed-
ded assessment measures yield quantitative data that show
GreenDealz may significantly enhance audience knowledge
of the topic.

1 Introduction

1.1 Public engagement with critical raw materials and
the European Union Green Deal

The European Union’s (EU) Green Deal is the primary strat-
egy that sets out the legally binding climate goals of the EU
member states. The two main goals are (i) to have 55 % less
greenhouse gas emissions by 2030 and (ii) to be climate neu-
tral by 2050 (European Commission, 2019). One of the key
pathways to achieving these targets is the scaling up of re-
newable energy and battery technologies as fossil fuels are
phased out. However, the increase in renewable energy and
battery/electrical power implies a steep increase in the de-
mand for critical raw materials (CRMs) (Vidal et al., 2013;
Calvo and Valero, 2022; International Energy Agency, 2025).
As per the Critical Raw Materials Act, CRMs include metals
and minerals (e.g., copper, cobalt, lithium) that are economi-
cally important but have significant supply risks and/or non-
sustainable supply chains (European Parliament and Coun-
cil of the European Union, 2024; Grohol et al., 2023). By
2030, the EU aims to increase domestic CRM extraction,
production and recycling to at least 10 %, 40 % and 25 %
of European annual consumption, respectively, with none of
the CRMs at any stage of processing to be more than 65 %
sourced from a non-EU country (European Parliament and
Council of the European Union, 2024). While recycling will
be an increasingly important source of CRMs, it is not ex-
pected to keep up with growing global demands in the short-
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term (Vidal et al., 2013; Troll and Arndt, 2022; Granvik et
al., 2025). Therefore, primary extraction of CRMs will be an
important part of the EU’s policy strategy.

CRMs are inextricably linked to the mining industry,
which is often associated with poor environmental standards
and ethics in the public conscious (Agusdinata and Liu, 2023;
Niranjan, 2023; Petitjean and Verheecke, 2023; Rogers et
al., 2024). In general, levels of social acceptance of min-
ing projects are often relatively low due to distrust between
publics and mining corporations, stemming largely from
legacies of environmental degradation (Moffat and Zhang,
2014). However, the increasing demand for CRMs for the
green transition, and notably, the digital economy, is poten-
tially causing society to “turn a blind eye” to poor envi-
ronmental and/or working regulations in mines outside of
Europe (Troll and Arndt, 2022), thus presenting an ethical
dilemma (Sovacool et al., 2020). Moreover, there is limited
public dialogue around the need for CRMs to transition to a
decarbonised economy (Richter et al., 2018; Stewart, 2023;
Rogers et al., 2024), despite evidence that suggests 87 %
of adult EU citizens believe the EU should take greater ac-
tion to increase renewable energy, with 86 % believing the
EU should take greater action to enhance energy efficiency
(European Commission and Directorate-General for Climate
Action, 2023).

Public engagement (PE) is a broad term that describes the
different flows of information between practitioners (e.g.,
scientists or science communicators) and publics, ranging
from one-way communication to participatory approaches,
usually with the goal of enhancing public awareness of, or
involvement in research and decision-making (Rowe and
Frewer, 2005). Best practice PE for societally challenging
topics includes free-flowing dialogue and listening (Pidgeon
and Fischhoff, 2011). There have been some PE efforts aimed
at raising public awareness about CRMs, their supply chains
and uses in society or the circular economy (e.g., Whalen,
2013; Richter et al., 2018; BGS Press, 2023), some of which
target children and teenagers (e.g., Baek et al., 2020). How-
ever, in the context of the green transition, most PE efforts
have been focused on engaging audiences with sustainable
energy science (e.g., Jellema and Mulder, 2016; Pellizzone
et al., 2017; Parkins et al., 2018; Benitz and Yang, 2020).
Thus, with the 2030 and 2050 targets of the EU Green Deal
nearing, it is important to develop PE experiences/toolkits
that may stimulate public dialogue about the need for CRMs
to meet the EU’s decarbonisation targets. As such, this pilot
study describes the iterative development of such a PE toolkit
known as “GreenDealz”.

1.2 Public engagement at informal education settings:
impact and evaluation

Of particular importance in engagement with geoscience is
the need to create PE experiences that are relevant, mean-
ingful, and aligned with the expectations of the target audi-

ence (Ford, 2019). This is especially the case when learning
is not defined by an assumed knowledge deficit of the audi-
ence but rather as an open dialogue (Bucchi, 2008; Rodrigues
et al., 2023). This dialogue model is synonymous with in-
formal education settings (Riise, 2008). Festivals (e.g., art,
cultural, science-based) represent such settings, offering dy-
namic environments to engage leisurely audiences with tech-
nical concepts in a fun and informal manner (Sardo and
Grand, 2016). In this way, informal learning refers to the
sometimes-unexpected knowledge gain that audiences may
experience through PE in these kinds of settings (Stockl-
mayer and Rennie, 2017). Hence, the festival environment
offers an ideal space for developing a PE toolkit that engages
informal audiences with CRMs and green energy, whereby
dialogue can be sparked and publics can learn about this
complex subject in a digestible way. Previous research at in-
formal education settings has shown that when engaging with
science concepts, audiences value high levels of interactiv-
ity, hands-on participation and relaxed conversations with ex-
perts (Bultitude and Sardo, 2012; Jensen and Buckley, 2014;
Roche et al., 2016a; Sardo and Grand, 2016). For a PE ex-
perience to be impactful, especially in the fast-paced, time-
restrictive setting of a festival, the interaction needs to con-
sume as little of the audience’s time as possible, all while
being attractive, informative, stimulating and fun (Bultitude
and Sardo, 2012; Sardo and Grand, 2016; Grand and Sardo,
2017; Vergunst et al., 2025).

The creation of effective PE toolkits is best achieved
through systematic, formative and summative evaluation
(Abrahamse, 2016). Many festival-based PE experiences
with science and research have successfully involved tra-
ditional evaluation approaches such as surveys at pre- and
post-engagement stages or simply as a post-engagement as-
sessment (Williams and Bowdin, 2007; Jensen and Buckley,
2014; Rose et al., 2017; Jensen et al., 2021; Başaran and
Topal, 2022; Martin et al., 2022). Surveys commonly em-
ploy self-reported or “subjective” evaluation measures such
as Likert-type scales, whereby participants respond to a se-
ries of statements using scales that capture levels of agree-
ment (Arnold et al., 1967). However, self-reported measures
have been criticised as being ineffective for assessing knowl-
edge during a PE interaction (Jensen, 2014). Audiences may
display subjective response biases such as social desirability
or evaluation apprehension bias (Rosenberg, 1969; Nederhof,
1985; Grimm, 2010). Furthermore, it has been suggested that
traditional evaluation approaches are unsuitable for informal
education settings, and that assessment within these envi-
ronments should not disrupt the natural flow of an engage-
ment but rather integrate into the experience (e.g., Fenichel
and Schweingruber, 2010; Becker-Klein et al., 2016; Grand
and Sardo, 2017). Such integrated examples include field
observations, short form interviews, or casual discussions
with participants (Sardo and Grand, 2016; Grand and Sardo,
2017). Some authors highlight the high engagement value
of festival-based evaluation tools such as live mobile-phone
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polling (e.g., Roche et al., 2016a, b), “graffiti walls” and sug-
gestion boxes (e.g., Grand and Sardo, 2017; Archer et al.,
2021), or brainstorming and idea mapping (Varner, 2014).
In line with this, “embedded assessment” has been sug-
gested as a suitable alternative to survey or test-based evalu-
ation, wherein activities that closely match the learning tasks
of an engagement can serve as assessment tools (Fenichel
and Schweingruber, 2010). Thus, embedded assessment ap-
proaches act as “authentic” forms of evaluation, specific to
the PE interaction, and have proven successful in measur-
ing learning in both informal and formal science education
settings (e.g., Wilson and Sloane, 2000; Becker-Klein et al.,
2016).

1.3 Aims and objectives

The aim of this developmental pilot study is to design a
novel PE toolkit that may help enhance public engagement
with CRMs and their links to the EU Green Deal at informal
education settings, where learning can occur in a leisurely
environment. Our toolkit development has three objectives.
The first objective is to create an experience that is eye-
catching, stimulating, and attractive to potentially incidental
audiences, and thus suitable for informal education settings
like festivals. The second objective is to ensure that the ex-
perience promotes learning, specifically, to increase knowl-
edge of the link between CRMs, decarbonisation and supply
risks. The final objective is to design an evaluation strategy
that is “festival-friendly”, i.e., concise for the audience while
capturing enough information to assess whether learning has
occurred in-situ. Thus, we consider a PE “toolkit” as repre-
senting the whole package of the experience; a PE activity or
interaction designed to engage the audience, and a “festival-
friendly” evaluation strategy. To achieve this, we set up an
iterative process that included three phases: scoping, testing,
and refinement. In each of these phases we collected empiri-
cal evidence to help develop the toolkit.

2 Process of toolkit development

2.1 Process overview

Our process of iterative phases (Figs. 1, 2) highlights the
systematic approach to developing a PE toolkit for the fes-
tival setting (Fig. 1), in which each iteration across the three
phases, builds on the previous one until a final PE toolkit is
developed (Fig. 2). We used existing festivals for data collec-
tion, as this provides real-world feedback and testing condi-
tions. The scoping phase was designed to scope out festival
audience awareness of and interest in the topic and prefer-
ences for engagement, then to design a prototype toolkit and
gather feedback to inform further iteration (Figs. 1, 2). The
testing phase involved testing the performance of the next
iteration in a large-scale festival setting (Figs. 1, 2). The re-
finement phase involved a festival-based quasi-experimental

design (i.e., control vs. intervention) to measure the effec-
tiveness of the final iteration at enhancing knowledge and
thus draw conclusions about its future use (Figs. 1, 2). The
result is a PE toolkit that has been piloted for use at infor-
mal education settings to start conversations about CRMs. It
is ready for the next step, that is to rigorously test its effec-
tiveness at engaging the public. However, this falls beyond
the scope of this paper. We report this toolkit development as
methods and results collectively due to its iterative process.

2.2 Toolkit data and information

Data on CRMs and green technologies used within the
PE toolkit were collated from European Union reports and
databases and literature addressing CRMs and strategic tech-
nologies (European Commission et al., 2020; Carrara et al.,
2020; Calvo and Valero, 2022; Troll and Arndt, 2022; Car-
rara et al., 2023; Grohol et al., 2023; European Commission
et al., 2024). Exact content and sources are reported within
each phase section. Expert geoscientists were also consulted
in the creation of the toolkit content.

2.3 Participation and recruitment

Recruitment in all three phases reflected the free-flowing
nature of the festival environment. Convenience and snow-
balling sampling were the primary methods used, as partic-
ipants were often those drawn to our festival exhibit(s). The
only core strategy devised ahead of each event was to achieve
the maximum possible sample size, with a minimum sample
size in mind as well. These target sample ranges were based
on several factors. First and foremost, they were linked to
the estimated interaction time per participant(s) calculated
across the total time we spent recruiting at an event. For
example, with an interaction time of 15 min per participant
(e.g., to complete an activity and evaluation), we can expect
a maximum possible sample size of 20 if we are stationed
at a festival exhibit for five hours continuously recruiting.
Secondly, target ranges are subject to change in busy festi-
val environments, therefore estimates also account for peaks
and troughs in energy levels among audiences and crucially,
practitioners leading the interaction. Lastly, participation was
based on informed consent to be part of a research study.
Therefore, sample sizes within each phase also represent the
number of audience members we engaged with that provided
consent. In summary, the above parameters significantly con-
strained the number of participants available per phase to
gain enough information to iterate.

Socio-demographic information was collected across all
samples within each phase: gender, age, education level and
place of residence (Fig. 1). All participant answers were kept
anonymous through unique participant IDs. These IDs were
used to link evaluation and activity items. Importantly, as fes-
tival attendees are often in social or familial groups, our PE
toolkit within each phase allowed recruitment of those at-
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Figure 1. Outline of the rationale behind each of the phases during PE toolkit development and associated settings and festivals/events.
Information on study samples for each phase are also provided.

Figure 2. Summary of the iteration process including methods, design, field observations, evaluation findings and changes.
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tending alone and those attending in groups. Sample sizes
(N ) refer to the number of individual responses recorded, as
evaluation was done on an individual basis. However, partic-
ipant IDs flagged if they were part of a group. All partici-
pants were adults (18 years or over). Any given event may
attract certain age groups, genders, ethnicities or socioeco-
nomic groups more than others. Due to this, and the na-
ture of recruitment, it is important to remember that we do
not claim samples to be representative of wider populations.
However, developing the toolkit across a range of different
festival types (science, art/cultural and agricultural) allows
us to speak to how our intended audience, i.e., festival atten-
dees, experienced the toolkit.

2.4 Analysis strategy

Qualitative and quantitative research methods were used dur-
ing the iteration process. Quantitative analysis and data re-
duction (e.g., scoring, coding and collating) were carried out
in Microsoft Excel. For surveys in the scoping and testing
phases, new and pre-existing survey scales were used (e.g.,
overall awareness and objective knowledge of the topic, per-
ceived need for CRMs), when appropriate, with reverse scor-
ing. The reliability of scales was conventionally analysed us-
ing Cronbach’s alpha (Cronbach, 1951). All statistical analy-
ses were carried out in IBM SPSS Statistics (version 29.0.0.0
(241)). Before each statistical test, data were assessed for
key assumptions (e.g., normality, linearity), and when as-
sumptions were violated, alternative or non-parametric tests
were used. When the assumption of normality was violated
in scored survey responses, central tendency was reported as
median values rather than the mean. Short, qualitative, open
feedback sections were analysed thematically by identifying
recurring response themes and sub-themes (e.g., Braun and
Clarke, 2006).

3 Toolkit development

3.1 Scoping phase

The aim of this phase was to probe festival audiences about
their awareness of and interest in learning about CRMs in re-
lation to the EU Green Deal, to understand their engagement
preferences, then to build and evaluate a prototype PE toolkit
(Fig. 1). This research was conducted at two Irish festivals.
The first festival was Féile na Bealtaine, in Dingle, Co. Kerry,
Ireland, an annual five-day arts and cultural festival in a rural
location that celebrates Celtic summer through live perfor-
mances, excursions, and exhibitions. Féile na Bealtaine at-
tracts thousands of visitors across multiple small events and
includes audiences such as young families, retirees, artists,
scientists, business owners, tourists, among many others. The
second festival was the Cork Carnival of Science, an ur-
ban, science-focused, one-day event based in Cork City, Ire-
land, that celebrates science and technology. Cork Carnival

of Science attracts hundreds of visitors to a field of over fifty
interactive exhibits. Common visitors include young fami-
lies, young adults, industry professionals, scientists, students,
business owners and local council members.

3.1.1 Féile na Bealtaine festival, Dingle: methods and
results

A 10 min scoping survey was developed for use at two
small afternoon events in Dingle which aimed to under-
stand how best to build a prototype PE toolkit (Fig. 2). This
survey was conducted amongst 32 consenting participants.
The most common age bracket was 35–44 years, and gen-
der was evenly split between males and females. There was
a high level of university/college qualification (88 %), and
44 % were local to the province of the festival (Munster).

The survey included a 5-point Likert-type scale with two
answer styles (A and B). This scale assessed broad aware-
ness about CRMs and their links to the EU Green Deal (Ta-
ble 1). Style A was answered as “strongly disagree” (1) to
“strongly agree” (5). Style B was answered as “very unfamil-
iar” (1) to “very familiar” (5). These items were analysed as
one variable to provide an overall “awareness” score of the
topic, after concluding that they together formed a reliable
scale (α = 0.70). The overall median score indicated that the
Dingle audience had a high level of self-reported awareness
(4± 0.87). The weaker points of awareness centred on the
definition of critical raw materials and on how they link to the
EU Green Deal, hinting at the value of developing a toolkit
to emphasise this (Table 1).

The survey also included “yes/maybe/no” and multiple-
choice questions about audience interest and engagement
preferences, respectively (Fig. 3). When asked if they wanted
to learn more about CRMs and the EU Green Deal, 56 % of
respondents said “yes” and 38 % said “maybe”. The most
popular multiple-choice responses for engagement prefer-
ences across all age groups were “hands-on tasks” (76 %) and
“visual examples of CRMs” (66 %) (Fig. 3). This was echoed
when we asked Dingle participants to elaborate on how they
would like to learn through an open feedback question (Ta-
ble 2). From the short answers, we classified two answering
themes: “preferred learning methods” and “preferred learn-
ing content”. The first theme accounts for most responses
(77 %) and includes those that expanded on preferred kinds
of PE methodologies, with specific mentions of interactivity,
creativity, or visual stimulation representing the most dom-
inant sub-theme. The second theme accounts for a smaller
fraction of responses (23 %) and relates to the kind of con-
tent preferred, with desires to learn about the CRM supply
chain and how CRMs link to daily life representing the most
dominant sub-theme (Table 2).

The preferences for interactive/hands-on tasks, visual ex-
amples and relatability recorded via Dingle surveys, subse-
quently influenced the development of a prototype PE toolkit
called “Shopping to Decarbonise”; a hands-on, tabletop ac-
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Table 1. Scoping phase surveys addressing awareness of the topic (median±median absolute deviation). ∗ Indicates an item used at only one
event and therefore is not included in the comparative overall awareness score. From 1 to 5 on the Likert scale, items A1 to A4 followed the
answering style of “strongly disagree” to “strongly agree”, while items B1 to B2 followed the answering style of “very unfamiliar” to “very
familiar”. Overall “awareness” scores were calculated as the sum of item medians/N items, where higher values indicate higher awareness.

Dingle survey items (α = 0.70) Awareness
Dingle

Cork survey items (α = 0.64) Awareness
Cork

A1: I have heard about critical raw materials∗ 3± 1 n/a n/a

A4: I do not know what a critical raw material is 3± 1 A1: I did not know what a critical raw material was
before this activity

3± 0.98

A2: Many critical raw materials used in society are
mined from the earth

4± 0.56 A2: I knew that many critical raw materials used in
society are mined from the earth

5± 0.69

A3: The EU is self-sufficient when it comes to raw
material extraction & production

4± 0.64 A3: I am surprised that the EU is not self-sufficient
when it comes to raw material extraction &
production

3± 1.2

B1: How familiar are you with the use of critical
raw materials in green energy & technology?

4± 1 B1: How familiar were you with the use of critical
raw materials in green energy & technology before
this event?

3± 1.1

B2: Are you familiar with the EU Green Deal & its
connection to critical raw materials?

3± 1.1 B2: Were you familiar with the EU Green Deal &
its link to critical raw materials before this event?

4± 1.3

Overall awareness Dingle: 4± 0.87 Overall awareness Cork: 4± 1

n/a – not applicable.

Table 2. Overview of qualitative response themes and sub-themes to a short open feedback survey question at Féile na Bealtaine, Dingle.
Anchor answers represent example answers from participants within a given sub-theme.

Dingle open feedback question: Please expand on how you would like to learn about this topic?

Response rate= 69 % (N = 32)

Theme Sub-theme Description Anchor answers

Preferred learning
methods
(77 %)

Interactive/creative/visual
(41 %)

Specific mention of the use of
interactive, creative or visually
stimulating methods.

“I would love to see visual
presentations, references in art & other
interactive forms.”

Media (18 %) Preference for engagement through
conventional media.

“An informative documentary.”

Family and outdoor
(18 %)

Mention of learning as a family with
children or engaging in outdoor
settings.

“I think outdoor learning as a pedagogy
should influence the way in which this
information is shared and taught.”

Formal/academic
(12 %)

Preference for conventional or formal
learning methods.

“Talks/lectures.”

Online resources (12 %) Requests for where to find more
information online.

“Details on where the relevant
information is available i.e., websites
etc.”

Preferred learning
content
(23 %)

CRMs supply chain
(80 %)

Desire to learn about CRMs within
daily life and supply chains.

“Demonstrate where & how each
material is ‘mined’ & then where I use
them in products & services in my
daily life.”

CRMs for energy
transition (20 %)

Desire to learn specifically about
CRMs within the energy transition.

“How use of critical materials affects
our current energy transition.”
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Figure 3. Scoping phase responses, grouped by age, from Dingle (N = 32) and Cork (N = 22) to a multiple-choice question on engagement
preferences: “How would you like to learn about critical raw materials and the EU Green Deal with geoscience experts? Tick all that apply”.
Engagement preference options were divided into “Gaming (e.g., board games or online games)”, “Hands-on tasks (e.g., experiments, inter-
active activities)”, “Creative tasks (e.g., painting, drawing)”, “Workshops (e.g., lectures and activities/games combined)”, “Visual examples
(e.g., critical raw material examples)” and “Other” for any other engagement preferences not listed. Pie charts show responses to a “yes/may-
be/no” question about interest in learning more (Dingle), a Likert-type question about participant awareness of CRMs after the prototype PE
activity (Cork), and a “yes/maybe/no” question about whether they found the prototype helpful (Cork).

tivity that asked participants to “shop” for up to four key
CRMs to build a solar panel and a wind-turbine (Fig. 2). We
chose solar photovoltaic (PV) and wind energy as they repre-
sent two publicly familiar green technologies. Crucially, the
idea of “shopping” as a theme was landed on due to its links
to daily life and the notion of supply chains. To ensure the
science link was clear, a selection of 15 CRM “cubes” were
displayed on top of a periodic table in their corresponding el-
emental position (e.g., Fig. 4), with all classified CRMs (and
strategic raw materials), as per the Critical Raw Materials
Act highlighted in green (European Parliament and Council
of the European Union, 2024). The 15 CRM cubes reflected a
mix of potentially familiar names (e.g., aluminium, lithium,
copper) and less familiar (e.g., neodymium, bismuth, dys-
prosium). To aid visual stimulation, these cubes contained
CRM images (“pure” metals i.e., elemental metals, and com-
mon ores). The cubes also displayed prompts about their uses
and properties, as highlighted in European Union reports and
databases (European Commission et al., 2020, 2024), to help
participants choose which CRMs to place in their solar PV
and wind turbine “shopping baskets” (Fig. 2). These were

short, plain language clues, some harder than others. For
example, neodymium, as a key CRM for wind energy, dis-
played “spinning magnets= electricity”, while dysprosium,
also a key CRM for wind, displayed “maintains magnetic
abilities”. Additional materials (e.g., paper graphs, diagrams)
were used to engage participants deeper with the topic (i.e.,
discussing import reliance levels and CRM demand to meet
the EU Green Deal goals).

3.1.2 Cork Carnival of Science: methods and results

The prototype PE toolkit “Shopping to Decarbonise” was
displayed at an exhibit stand at Cork Carnival of Science,
where 22 of the exhibit attendees consented to participation
in our study. Gender was split 50 : 50 male and female, with
46 % of participants aged 35–44 years, 82 % residing in Mun-
ster. As with Dingle, there was a high level of university/col-
lege education (91 %) (Fig. 1).

Our focus at this festival was trialling “Shopping to De-
carbonise” as a concept and gathering key post-engagement
feedback. Therefore, evaluation included an exit survey. This
survey included similar Likert-type items to those used in
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Figure 4. (a) GreenDealz tabletop set-up (illustrations sourced and adapted from Freepik, 2025); (b) CRM cube example labels for copper
(image sources: Schwen, 2006 and Zander, 2007), neodymium (image sources: Lavinsky, 2010; Chemical Elements, 2016a) and dysprosium
(image sources: Lavinsky, 2010; Oelen, 2005). For a full list of image sources for all CRM cubes see Fig. A1 (Appendix A); (c) field
engagement with GreenDealz at The National Ploughing Championships exhibit (consent was given for photography but faces are covered
for privacy).

Dingle but re-phrased to account for participant awareness
before engaging with “Shopping to Decarbonise” (Table 1).
This survey also asked the same multiple-choice question
about engagement preferences but included additional ques-
tions to gather more targeted feedback (Fig. 3; Table 3). It
took 20 min of participants time in total to complete “Shop-
ping to Decarbonise” and the exit survey (Fig. 2).

The iterated awareness scale used in Cork had a somewhat
low reliability (α= 0.64; Table 1), perhaps due to the smaller
sample size relative to Dingle. As with Dingle, the median
score indicated that Cork participants had relatively high
overall self-reported awareness (4± 1) about the topic before
engaging with Shopping to Decarbonise but showed similar
weakness in awareness on the definition of CRMs (Table 1).
Since the Cork exit survey was a post-engagement evalua-
tion, there were in-built differences in answering styles be-
tween Cork and Dingle, making statistical comparison unjus-
tified. Nonetheless, Cork participants had a noticeably lower
self-reported awareness about the levels of EU import re-
liance (3± 1.2) compared to Dingle participants (4± 0.64).
This could relate to the comparatively greater live engage-
ment with the concept of EU import reliance via “Shopping

to Decarbonise” in Cork, whereas Dingle participants were
given a survey without any intervention. Hence, it is possible
that people may overestimate their awareness of this topic in
the absence of deeper engagement.

Finally, we asked Cork participants for open feedback
on how to improve the toolkit (Table 3). Two main answer
themes were identified: “Constructive feedback” and “Gen-
eral encouragement”. Most responses (63 %) fell within the
former, with the dominant sub-theme reflecting support for
continued engagement in informal settings (Table 3). “Gen-
eral encouragement” accounted for 37 % of responses and
simply reflected statements of positive feedback, without any
clear sub-themes (Table 3). This was the last question asked
on the exit survey and notably, the response rate to this ques-
tion was only 50 %. Therefore, half of participants dropped
out before the evaluation was complete. This suggested that
the entire engagement took too long.
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Table 3. Overview of qualitative response themes and sub-themes to a short open feedback survey question at Cork Carnival of Science.

Cork open feedback question: Tell us how we could improve this engagement?
Response rate= 50 % (N = 22)

Theme Sub-theme Description Anchor answers

Constructive
feedback
(63 %)

Informal settings
(40 %)

Mentions informal settings as ideal
locations.

“Go to supermarkets, lunch time breaks,
train – bus stations, places where people
are waiting and have time (like in
festivals).”

Workshops (20 %) Mentions inclusion of workshops. “Workshops such as at science festival.”

Youth engagement
(20 %)

Suggests engagement with
schools/youth.

“More engagement with schools.”

Create media (20 %) Suggests creating engaging media. “. . . make funny videos.”

General
encouragement
(37 %)

n/a Participants provide overall
positive feedback on the
experience.

“All great. Fantastic engagement from
hosts.”

n/a – not applicable.

3.1.3 Scoping phase: summary, limitations and iteration
implications

The scoping phase first aimed to scope out informal audience
interest in the topic of CRMs and green energy, engagement
preferences and self-reported awareness. It then aimed to trial
the prototype PE toolkit “Shopping to Decarbonise” as a con-
cept, gathering key post-engagement feedback. It must be
noted that results are only indicative, due to the relatively
small sample sizes, the potential differences in audience en-
gagement with science generally (i.e., cultural festival vs. sci-
ence festival) and because Dingle and Cork responses are not
wholly comparable due to slight differences in phrasing be-
tween the survey items. Further, upon reflection, the use of
“I am surprised” on the Cork survey (item A3; Table 1) may
have steered responses in a certain direction.

Nonetheless, this phase provided us with a starting point,
allowing key insights on how to continue the PE toolkit de-
velopment. Engagement preferences, recorded quantitatively
and qualitatively, pointed most strongly towards relatabil-
ity, hands-on/interactive tasks, visual examples of CRMs and
support for informal settings. This, along with positive feed-
back on “Shopping to Decarbonise”, inspired us to continue
developing this idea into a more concrete interactive task for
the testing phase. Therefore, the theme of “shopping” was
further explored, and the toolkit evaluation method was iter-
ated to be shorter and more integrated (Figs. 1, 2).

3.2 Testing phase

The testing phase aimed to iterate “Shopping to Decar-
bonise” into a test PE toolkit for the festival space and to as-
sess the pre-post survey format for evaluation. We tested this
iteration at an exhibit stand at the National Ploughing Cham-

pionships in Ratheniska, Co. Laois, Ireland (Figs. 1, 2). This
is a large annual agricultural festival, with over 1500 exhibits,
ploughing competitions, concerts and markets, attracting ap-
proximately 250 000 visitors over three days. Therefore, it
posed as a prime opportunity to engage a festival audience
travelling to attend from across the country. Common visi-
tor groups include farmers, agricultural and industry profes-
sionals, machinery enthusiasts, young families, young adults,
tourists and retirees.

3.2.1 The National Ploughing Championships, Co.
Laois: methods

To further explore the supermarket theme as a relatable con-
cept, this iteration of the PE toolkit was renamed as “Green-
Dealz” with a supermarket style logo to match (Figs. 4 and
A2 in Appendix A). The periodic table display was made to
look like a supermarket shelf labelled as “Aisle 2050” (Figs.
4, A2). The CRM cubes were given barcodes, so that prac-
titioners could act as “cashiers” and collect “shopping” an-
swers via mobile barcode scanning (Fig. A1). Information
about import reliance levels became integrated into the ex-
perience as “country of origin” style labels per CRM (i.e.,
“100 % non-EU or 64 % EU”; Fig. A2), using data from Eu-
ropean Union reports (Grohol et al., 2023; European Com-
mission et al., 2024). These visual additions were all part
of efforts to attract audience attention in the festival space
(Bultitude and Sardo, 2012; Grand and Sardo, 2017). Time-
sensitivity within the shopping activity was accounted for by
reducing the number of CRM cubes to 10 (Fig. 2).

Separately to pre-post evaluation, we wanted to measure
the level of interaction with GreenDealz material. To do this,
the shopping activity mechanics were updated by creating
a difficulty-based “shopping score” derived from the CRM
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prompts. Each technology (solar PV and wind energy) had
exactly three “correct” answers from the CRM cubes avail-
able i.e., participants had to select only three key functional
CRMs to build (1) a solar panel and (2) a wind turbine. These
“correct” answers were gleaned from European Union re-
ports discussing key CRMs for green technologies (Carrara
et al., 2020, 2023; European Commission et al., 2020, 2024).
Every CRM cube had two prompts to read (Figs. 4, A1). Of
these two prompts, one would be considered either “easy”
(1 point), “moderate” (1.5 points) or “hard” (2 points) based
their technology links. “Easy” prompts were highly leading
clues about a given CRM’s use, “hard” prompts were less ob-
vious, requiring participants to make connections with other
prompts and CRMs, while “moderate” prompts were some-
where in the middle (see Table 5). Thus, to connect these
CRMs with the technologies and each other, participants
would presumably need to interact strongly with the material
and use critical thinking to score higher (Bailin, 2002). All
other CRM cubes on display (i.e., those that are not key func-
tional CRMs for solar PV and wind energy) were assigned
a score of zero if chosen, with their prompts also showing
a mix of difficulties (e.g., lithium: “Ceramics” and “Batter-
ies”; or titanium: “Industrial equipment” and “Aerospace”;
Fig. A1). Shopping scores were reported as a ratio (score
achieved/maximum possible score). We also incorporated an
interactive task that asked participants to use blank cubes to
estimate the 2050 demand for specific CRMs per technology.
For example, 30 times more gallium would be needed for
2050 EU solar targets compared to current levels (Carrara
et al., 2020, 2023; European Commission et al., 2020) and
this was represented by 30 blocks on a supermarket weigh-
ing scales. All steps of GreenDealz and correct “shopping”
answers were revealed to participants through visually stim-
ulating animations on a computer screen.

To assess in-situ learning, pre- and post-quantitative eval-
uation was employed. We used an objective knowledge as-
sessment, a measure of what participants objectively know,
rather than subjective knowledge, referring to what they think
they know (Vicente-Molina et al., 2013). True, or, false and
multiple-choice questions have been successfully used to
asses objective knowledge (Gronlund, 1998; Burton, 2005;
Vicente-Molina et al., 2013; Zhou et al., 2017; Kuehl et al.,
2023). Such tests are common in pre-post evaluation across
different disciplines of education and PE and involve di-
chotomous scoring, where correct answers receive 1 point
and incorrect answers receive 0 points (e.g., Cottone and
Byrd-Bredbenner, 2007; Huang et al., 2020; Leitão et al.,
2022; Lemos et al., 2023). To tailor towards the festival
space, we used true, or false statements because of their fast-
paced format. We designed three items that captured the main
concepts of interest: knowledge of CRMs, supply risk, and
links to green energy (Table 4). We also wanted to assess if
perceptions on CRMs could be gauged. Due to the required
quick-paced format, one item was included from the previ-
ously validated three-item “perceived need for CRMs” scale,

scored as strongly disagree (1) to strongly agree (7) (Table 4)
(Schuitema and Olomo, 2024). This short, on-the-spot sur-
vey (∼ 3 min) was provided as a “quiz-like” online form,
scannable by QR code. Thus, we aimed to strike a balance be-
tween including traditional survey items and integrating pre-
post evaluation into the activity similar to embedded assess-
ment measures (Fenichel and Schweingruber, 2010). Those
working in groups completed GreenDealz shopping tasks to-
gether but completed evaluation as individuals. Hence, shop-
ping scores were recorded as a repeated response for each
evaluated group participant, linked by the same ID.

3.2.2 The National Ploughing Championships, Co.
Laois: results

A total of 40 people consented to study participation. No-
tably, the sample size did not reflect the number of inter-
actions at our exhibit, with many more visitors stopping by
to ask questions and/or interact with GreenDealz materials.
Participant age was spread across age groups, however most
(35 %) were 18–24 years. In the sample, 65 % identified as
male, 30 % as female, and 5 % as non-binary/transgender;
60 % had a university or college qualification. Participants
were nearly evenly split between Leinster (45 %) and Mun-
ster (40 %), with the remaining 15 % coming from outside
these provinces (Fig. 1). Of these participants, 12 were en-
gaging as part of a group and 28 were alone as single partic-
ipants.

We observed that despite a quick completion time
(∼ 3 min), the pre-post online surveys detracted from partici-
pant experience at the National Ploughing Championships.
Taking three minutes outside of GreenDealz to fill out an
online survey felt incongruent with the surroundings and
experience, removing communication between the practi-
tioner and participant. However, reactions to GreenDealz it-
self were encouraging. Many participants mentioned their
enjoyment of the activity and/or engaged in further con-
versation about the topic. Participants working in groups
also appeared to engage more naturally with GreenDealz,
whereby “shopping” for CRMs sparked discussion about a
given CRM’s uses and properties. It is also notable that no
dropouts were observed: those who started the activity en-
gaged till the end. This was an indication that GreenDealz
was holding participant(s) attention.

The three-item objective knowledge scale was introduced
as a quick-paced alternative to classic Likert-type items.
However, the reliability of the three items fell well below
the acceptable threshold (α < 0.10) (Cronbach, 1951). Pre-
vious research employing dichotomously-scored objective
knowledge tests with as much as ten items has shown that
Cronbach’s α can easily fall below the acceptable limit of
0.7 (e.g., Kuehl et al., 2023). Therefore, while there was a
small, insignificant increase from prior objective knowledge
(2.0± 0.64) to post objective knowledge (3.0± 0.72) (Table
4), these items together did not sufficiently measure knowl-
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Table 4. Survey items used during the testing phase of the PE toolkit at the National Ploughing Championships. ∗ Overall score results are
given as median±median absolute deviation (due to violation of normality).

Concept Item Pre-score∗ Post-score∗

N = 40 N = 40

Objective Knowledge (True (T) or False
(F); 1 point= correct, 0= incorrect).

A critical raw material is a raw material that is
extremely rare and valuable but not important for
society (F)

2± 0.64 3± 0.72

The climate targets of the European Green Deal are
reliant on critical raw materials to develop renewable
energy (T)

The EU carries out most of the mining and processing
of critical raw materials that it needs (F)

Perceived need for CRMS (Likert scale,
1= strongly disagree, 7= strongly agree).

I support the import of critical raw materials from
countries outside Europe like China and Chile, if that
helps make Europe Carbon Neutral by 2050.

4.5± 1.9 5± 2.0

Table 5. GreenDealz shopping scoring system, prompts and compiled results from the testing and refinement phases. Prompts are designed
to be easy, moderate and hard. High scores can be achieved with greater analysis by matching relevant CRM prompts together. All other
CRM cubes chosen (not shown in table) were scored as zero.

Solar PV shopping basket

Correct CRMs: Silicon (Si) – 1 point Copper (Cu) – 1.5 points Gallium (Ga) – 2 points

Prompts: 1. Partially conducts electricity
2. Helps turn light to electricity

1. Electrical wiring
2. Weather resistant

1. Partially conducts electricity
2. LED lights

% chosen by
participants:

90 % 67 % 18 %

Wind turbine shopping basket

Correct CRMs: Neodymium (Nd) – 1 point Copper (Cu) – 1.5 points Dysprosium (Dy) – 2 points

Prompts: 1. Super magnets
2. Spinning magnets= electricity

1. Electrical wiring
2. Weather resistant

1. Maintains magnetic abilities
2. Infrared technology

% chosen by
participants:

72 % 63 % 25 %

edge and are therefore not suitable to measure change over
the duration of the engagement. Furthermore, there was no
significant change in knowledge found when analysing sin-
gle items. Lastly, there was no statistically significant differ-
ence in the perceived need for CRMs before (4.5± 1.90) and
after (5.0± 2.00) engagement with GreenDealz. However, it
is interesting that perceived need for CRMs was already rel-
atively high. Speculatively, this could relate to some of the
audience present, i.e., machinery enthusiasts, business and
industry professionals, but this would require deeper evalua-
tion to assess.

3.2.3 Testing phase: summary, limitations and iteration
implications

GreenDealz was well received. This was particularly high-
lighted by continuous engagement from participants and in-
terest in discussing the topic further. Therefore, we con-
cluded that the iteration of “Shopping to Decarbonise” into
GreenDealz was successful in terms of attracting festival go-
ers. Reducing the length of the evaluation time was also suc-
cessful, as the dropout rate substantially decreased.

It was concluded that the GreenDealz evaluation technique
for quantitatively assessing changes in knowledge and per-
ceptions needed improvement. However, given the festival-
linked time limitations and observed disruption of engage-
ment flow, survey expansion was not practical for the final it-
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eration. Hence, it was clear that the final iteration would need
to focus on more fully implementing an “embedded assess-
ment” strategy. From the findings during this phase, we de-
duced that a “festival-friendly”, embedded assessment may
require scoring systems with continuous data if subtle levels
of pre-post change are to be detected, especially where only
three items are used for timesaving. Our toolkit focus is on
understanding actual knowledge gains. Therefore, we cen-
tred on objective knowledge for developing this embedded
assessment strategy.

3.3 Refinement phase

The aim of this phase was to refine the GreenDealz evalu-
ation strategy into a more integrated pre- and post- assess-
ment (Figs. 1, 2). We carried out this phase across three
Irish science and arts festivals/events during national Science
Week in Ireland: (i) Science at Marina Market, Co. Cork; (ii)
Louth Science Fair, Co. Louth; (iii) “Foram”, a geoscience
art exhibition in Co. Dublin. The two former events drew
crowds in their hundreds, while “Foram” attracted approxi-
mately 40 people (Fig. 1). Common visitors to the former two
events include young families, retirees, students, local busi-
ness owners, local council members, and science profession-
als. “Foram” was a once-off arts-science event which drew a
mix of artists, activists, scientists, young adults, and retirees.

3.3.1 Science Week: methods

The concept of embedded assessment, hereafter referred to as
“EA”, offered a unique solution to better integrate evaluation
into the GreenDealz experience (Fenichel and Schweingru-
ber, 2010). To formulate the toolkit’s EA, three tasks were
created that used existing GreenDealz props, i.e., weighing
scales, cubes, shopping baskets, on-screen visuals and infor-
mation. These tasks were displayed on screen and read aloud
by the practitioner and participants had to complete them us-
ing the props in front of them. The tasks reflected an un-
derstanding of the core principles previously covered in the
objective knowledge items during the testing phase. Hence,
this EA was a more interactive and task-based method of as-
sessing objective knowledge pre- and post- GreenDealz in-
tervention. The GreenDealz shopping activity tasks were un-
changed (Fig. 2). The three EA tasks, with (a) their props, (b)
correct answers, and (c) rationale were as follows:

1. Place any item(s) that contains a critical raw material in
the shopping basket.

a. Props: Participant(s) are provided with a shopping
basket and 7 cubes that each represent a random
item/object (Figs. A3, A4).

b. Correct answer: All 7 items (i.e., 7 cubes).

c. Rationale: This task relates to understanding the
definition of a CRM, i.e., a material that is impor-

tant for society and thus is present not just in green
and digital technologies but also everyday items.

2. Compared to a gas-fired power plant, how many times
less OR more mineral resources are needed (on average)
for an onshore wind farm? Place cubes in the shopping
basket to illustrate (1 cube= 1 times, 2 cubes= 2 times
and so on).

a. Props: Participant(s) are provided with a shopping
basket and 9 cubes (Fig. A4). Therefore, they are
told they can choose up to 9 cubes. They are then
asked to say whether they believe the answer is less
(–) that number of cubes or more (+). This negative
to positive scale allows greater levels of change be-
tween pre and post scores to be detected.

b. Correct answer: 9 times more (i.e., +9 cubes)

c. Rationale: This task relates to the demand for
CRMs in developing renewable energy.

3. Of the 49 EU critical (and strategic) raw materials,
how many have an import reliance greater than 75 %?
Choose a number of CRMs between 0 and 49.

a. Props: Participant(s) are directed to the 49 green
coloured CRM cubes indicated on the periodic ta-
ble or “Aisle 2050” and asked to choose a number
between 0 and 49.

b. Correct answer: 37 (however, as this import re-
liance % can change year on year, the highest pos-
sible score of 49 is what indicates the best knowl-
edge/awareness of supply risk).

c. Rationale: This task relates to the concept of supply
risk and how most CRMs are highly sourced from
imports therefore making them susceptible to sup-
ply chain disruptions.

Total participant scores were calculated as a ratio: the
sum of scores/max possible score (where max possible
score= 7+ 9+ 49= 65). Hereafter, this assessment is re-
ferred to as objective knowledge-EA.

To ensure robustness of this assessment, this phase incor-
porated a quasi-experimental design, which is appropriate for
field-based settings, by inclusion of a “control” activity to
test against GreenDealz, i.e., the “intervention” (Abrahamse,
2016). This control activity was a “match-up” task that re-
quired participants to examine rock and ore samples and
match them to corresponding images on a geological map
of Ireland, thereby learning about the origin of some CRMs
and their uses. Thus, the same objective knowledge-EA was
used for pre-post assessment in the control activity. Control
and intervention groups were mixed across festivals/events,
with total participant counts in each group monitored to en-
sure equal or near equal sample sizes. Those working in
groups completed GreenDealz shopping tasks together but
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completed EA as individuals. Hence, shopping scores were
recorded as a repeated response for each evaluated group par-
ticipant, linked by the same ID.

3.3.2 Science Week: results

The total number of participants recruited between the con-
trol and intervention groups during this phase was 39. The
control group (N = 19) were predominantly aged 35–44
years (68 %), with 58 % residing in Munster and two of these
participants were engaging in GreenDealz together as a cou-
ple. The participants in the intervention group (N = 20) were
slightly more diverse in age, although mostly (55 %) spread
between 35–54 years and 65 % residing in Leinster. All in-
tervention participants were engaging alone as single partic-
ipants. Gender was split close to 50 / 50 between females
and males across both groups. Nearly all participants had
a university/college qualification (control 89 %, intervention
85 %).

In both groups, pre-post objective knowledge-EA scores
were normally distributed (Shapiro-Wilk p > 0.05), allow-
ing comparison by parametric means. Firstly, results from an
independent samples t-test showed that pre- scores between
the control (0.54± 0.17) and intervention (0.58± 0.23)
groups were not significantly different (t(37)=−0.541, p =
0.591, d =−0.17). This indicated that the groups had the
same baseline knowledge level, which was relatively mod-
erate. Next, results from a paired t-test show that the mean
difference of 0.266 (95 % CI 0.159 to 0.373) between pre-
post objective knowledge-EA scores was significant for the
intervention group (t(19)= 5.204, p < 0.001, d = 1.16) but
not for the control group (mean difference: −0.006; 95 % CI
−0.080 to 0.067; t(18)=−0.183, p = 0.086, d =−0.042)
(Fig. 5). This implies that knowledge was significantly more
enhanced for those who engaged with GreenDealz compared
to those who engaged in the “match-up” control activity.

In addition, field observations indicated that with the EA
tasks, communication was maintained, the interaction was
more streamlined than evaluation in prior phases, and EA ap-
peared to evoke a sense of playfulness in participants. Thus,
according to the pre-post scores achieved between the con-
trol and intervention samples combined with observations,
this method of objective knowledge assessment appears more
successful in capturing change than testing phase evaluation
while maintaining interactivity.

3.3.3 Science Week: summary and limitations

The EA for this toolkit is a unique form of evaluation. Fur-
thermore, its ability to maintain interactivity provides key
insight into new evaluation methodologies for the festival
space. However, our assessment of changes in knowledge is
limited by the tasks presented to participants and because it is
unique to the engagement, it cannot be compared with con-
ventional scales. Nonetheless, our quasi-environmental de-

sign has demonstrated significant differences between con-
trol and intervention group learning. As such, the refined PE
toolkit is represented by the interactive GreenDealz shopping
activity and its embedded assessment of objective knowl-
edge.

3.4 GreenDealz “shopping” score results: overall
interaction insights

To aid final conclusions about GreenDealz as a PE activity,
we wanted to quantitatively assess how participants inter-
acted with GreenDealz “shopping” tasks overall. Separately
to the evaluation of knowledge changes, the GreenDealz
“shopping” score aimed to measure this interaction (Sect.
3.2.1). GreenDealz shopping task mechanics remained un-
changed between the testing and refinement phases (Fig. 2),
therefore we pooled the shopping scores from these phases
for an overall analysis of interaction (N = 60). For both tech-
nologies, most participants correctly chose the CRMs that
had the easiest prompts (90 % chose silicon for solar PV and
72 % chose neodymium for wind turbines; Table 5). Most
participants also correctly chose the CRM that is shared be-
tween each technology and had a moderate prompt: cop-
per (67 % chosen for solar PV and 63 % chosen for wind
turbines, Table 5). However, for each technology, a much
smaller fraction of participants correctly chose the CRMs
with the most difficult prompts (i.e., 18 % chose gallium for
solar PV and 25 % chose dysprosium for wind turbines; Table
5). Instead, participants mostly chose lithium as their third
CRM for solar PV (62 %) and titanium as their third CRM for
wind turbines (50 %). As a result, the average overall “shop-
ping” score was 0.49 out of 1 (Fig. 6, Table 5). Therefore,
on average, festival participants showed moderate interaction
with the information on the CRM cubes while loading their
shopping baskets, with a greater likelihood to rely on easy/-
moderate CRM prompts than to also apply greater analysis
in completion of the task.

During GreenDealz “shopping”, people appeared to enjoy
the tactile nature of the cubes and often seemed most en-
thusiastic about getting higher shopping scores when work-
ing in groups rather than alone. It was also observed that
the optimal group size was about three, beyond which it be-
came difficult to manage. Therefore, overall shopping scores
were statistically compared between group and single partici-
pants. These samples were compared by mean rank using the
non-parametric Mann-Whitney U -test due to uneven sam-
ple sizes, violation of normality (Shapiro-Wilk p < 0.001)
and differing distribution shape. Group participants tended
to achieve a higher shopping score (mean rank= 43.54)
than single participants (mean rank = 26.53) and this dif-
ference was found to be significant (U = 504.5, Z = 3.221,
p < 0.001) (Fig. 6). Hence, interaction with the GreenDealz
CRM cubes appears to be higher when working together, per-
haps indicating stronger discussion during decision making.
This suggests that the moderate, average shopping score of
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Figure 5. Pre-post distributions of objective knowledge-embedded assessment (EA) scores within the control (match-up activity) and inter-
vention (GreenDealz) groups, with results of paired t-tests. Control= 0.54± 0.17 (pre), 0.54± 0.19 (post). Intervention= 0.58± 0.23 (pre),
0.84± 0.13 (post).

Figure 6. Distribution of GreenDealz shopping score between
groups and single participants and results of a Mann-Whitney U -
test.

0.49 may be skewed by the higher proportion of single partic-
ipants (46 / 60). Thus, we may expect a higher average shop-
ping score if more participants were in groups. There was no
indication that the shopping score differed significantly by
any demographic measure.

4 Discussion

4.1 Key limitations of GreenDealz development

In this paper we describe the iterative development of the
GreenDealz PE toolkit. GreenDealz is novel, offering a
unique activity to help engage publics with the role of CRMs
in achieving the EU’s Green Deal targets. However, our work
presents some key limitations. Firstly, the sample sizes re-
cruited were useful for iteration. However, they were not

sufficient to make claims about the broader effectiveness
and impact of GreenDealz. Festivals represent popular in-
formal education environments where dialogue can be fos-
tered (Sardo and Grand, 2016). Therefore, our study was
conducted across a range of arts, cultural and science fes-
tivals to test how applicable the toolkit was in the informal
education context. As such, we believe that this makes the
toolkit promising. The downside of focusing on the festi-
val space is that we cannot generalise our results to a wider
population. Relatedly, it is worth mentioning the high educa-
tion levels captured in this study. In 2025, Ireland was ranked
the most educated country globally (Conte, 2025). Being the
largest event we attended, it is the National Ploughing Cham-
pionships sample that most closely reflects Irish education
levels, especially for those between the ages of 25 and 44
years (Central Statistics Office, 2024). The education levels
captured within samples at both the arts/cultural and science-
based events are much higher again, but this reflects similar
findings in these types of settings within and outside Europe
(Quinn, 2006; Jensen and Buckley, 2014; Kennedy et al.,
2018; McCartney and Ip Si Kei, 2018; Jensen et al., 2021).
Therefore, in attending festivals to develop a toolkit for infor-
mal settings, and further, when these festivals are in Ireland,
it is difficult to avoid a skew towards higher education.

In a similar vein, we carried out this pilot study in an Irish
context, and as such, our findings or indeed people’s engage-
ment with GreenDealz may be entirely different in a different
country. Lastly, the scope of our evaluation was constrained
by what was suitable and practical to the festival space. As
such, our assessment of GreenDealz strengths is limited to
the current observational and embedded assessment results.
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4.2 Strengths and broader implications of GreenDealz
development

GreenDealz has the potential to enhance informal audience
knowledge on the topic of CRMs and their link to the EU
Green Deal and is particularly designed for informal edu-
cation settings like festivals. To ensure its success in this
setting, the engagement could not take longer than 15 min,
including the evaluation (e.g., Vergunst et al., 2025). From
the scoping to the refinement phase, development has been
driven by informal audience responses and field observa-
tions, all of which pointed towards a desire for a quick, inter-
active, hands-on, and relatable format. The interactive nature
of the toolkit was essential to engage participants until the
end, which is in line with earlier research on what informal
audiences value most in science communication (Bultitude
and Sardo, 2012; Jensen and Buckley, 2014; Roche et al.,
2016b; Sardo and Grand, 2016).

A core feature of GreenDealz is the EA of objec-
tive knowledge. Its integrative nature enhanced the Green-
Dealz experience while simultaneously measuring changes
in knowledge as part of the activity. Our findings indicate
that this appears to be a more appropriate method to quantita-
tively measure the effects of PE activities in festival settings
than traditional survey techniques. This builds on previous
research highlighting embedded assessment as a more suit-
able evaluation approach in the informal educational space
(e.g., Fenichel and Schweingruber, 2010; Becker-Klein et al.,
2016). In future research, the results should be compared
with more conventional research methods, such as classic
surveys, to validate the effectiveness of the EA. Other work
could incorporate a more rich and qualitative approach to un-
derstanding the participant experience of GreenDealz, such
as pre-existing knowledge and perceptions, and whether the
toolkit has the power to effect this meaningfully.

Prior research suggests that when it comes to issues re-
lated to the green economy, public opinion is likely biased
by the first piece of information received (Poluektova et al.,
2024). Notably, through many interactions with GreenDealz,
it was clear that it served as a springboard for wider con-
versations on the topic, with many participants continuing to
discuss CRMs and green energy after completion. This is a
key observation, given that one of the great goals of science
communication is to stimulate public dialogue and introduce
new ways to facilitate conversation between scientists and
public audiences (Illingworth, 2020, 2023).

As per the “shopping” scores (i.e., difficulty-based score of
CRM “correctness”), it appeared that GreenDealz resulted in
significantly higher interaction when participants were work-
ing in groups. This could imply higher levels of critical think-
ing or informed decision making (Bailin, 2002). This is a
promising result, especially for settings like festivals, where
people often attend in groups and are more inclined to en-
gage in activities together. Moreover, it could mean that the
discussions that start during the activity may continue in so-

cial groups and thus spread to wider social networks. Sim-
ilarly, the greater tendency of single participants to rely on
easier and more leading clues when choosing CRMs is testa-
ment to the quick and easy interaction desired by festival par-
ticipants (Grand and Sardo, 2017), perhaps especially when
engaging alone. Importantly, it is often the aim of practition-
ers to be able to reach the uninterested or “residual” public
(Miller, 1983; Miller et al., 2024). In this regard, it is encour-
aging that the National Ploughing Championship participants
appeared engaged during GreenDealz, because this suggests
an appeal to audiences that are less likely to know they will
encounter science. To test this claim, future analysis could
include a wider spread of festivals across different countries
over a prolonged period, collecting larger sample sizes and
more diverse audience samples.

It is noteworthy that people’s third most popular choices
for solar PV and wind turbine CRMs were lithium and ti-
tanium respectively. Lithium is an increasingly well-known
CRM by the public, as society advances into the technolog-
ical and battery age (Agusdinata and Liu, 2023; Lee, 2024),
while titanium is also prevalent in popular culture for being
a metal of great strength and durability, such as in “Marvel
Universe” (Robinson, 2012; Nelson et al., 2013). It is possi-
ble, although speculative, that this had some impact on par-
ticipant choices for these technologies. If this were the case,
it would further indicate the importance of relevance and
meaning in geoscience communication (Stewart and Lewis,
2017; Ford, 2019). This sentiment is echoed in the formative,
qualitative feedback during the scoping phase, where partici-
pants describe a much greater desire to learn about CRMs in
their daily life rather than specifically learning about the role
of CRMs in the energy transition.

Overall, GreenDealz, in its current form, represents a
budget-friendly toolkit suitable for use in informal educa-
tional settings, as suggested by this study. Therefore, it can be
used by most practitioners who wish to engage with publics
on this topic, they need only use the material information and
guidelines (appendices). However, GreenDealz may also act
as a template on which to build. One such example (budget-
dependent) might include the upscaling of GreenDealz into a
“real-life” shopping experience at a larger festival exhibit, in-
volving stronger gamification with players racing to fill their
renewable energy baskets, learning about CRM supply risk
in the process. Alternatively, GreenDealz could be brought
into the online space, whereby players “shop” for CRMs
within a digital world, learning the same key concepts. Fur-
thermore, this toolkit is highly practitioner-dependent and
requires practitioners to be well-versed in the content, with
consistent participant direction required. Therefore, the de-
velopment of a digital version of GreenDealz could allow
more self-paced learning. Thus, this pilot study potentially
represents a first step in expanding an idea for engaging with
audiences on this topic.
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5 Conclusion

The need for a sustainable and secure supply of CRMs to de-
carbonise the EU economy is a surmounting challenge facing
European society. It is imperative that publics are engaged
on this matter and that public awareness of the issue is in-
creased. The informal educational space provides ample op-
portunity to address this public engagement challenge, and as
such, we have developed a toolkit built on this need. Firstly,
to approach this complex subject in a digestible manner, our
goal was to create a novel experience that engages publics
with CRMs and the EU Green Deal in informal settings such
as festivals. Secondly, we wanted to create a suitable evalu-
ation methodology that measures in-situ changes in knowl-
edge. We have achieved this through in-field public engage-
ment pilot research and development. This study highlights
the usefulness of iterative toolkit building and the need to de-
velop and test a public engagement toolkit live. Our findings
support the need for fast-paced and interactive forms of eval-
uation without interruption of participant experience, with an
acceptance of the loss of more rigorous survey techniques in
favour of human experience. GreenDealz provides a template
to build on. Future iterations of this simple concept could
take many forms, all with the goal of better engaging publics
with the important and timely subject of CRMs in the green
transition.

Appendix A: GreenDealz Kit and Materials

The full GreenDealz toolkit with materials, set-up and
instructions can also be found online at: https://www.
icrag-centre.org/greendealz/ (last access: 15 April 2026).

Embedded assessment materials

– 16 wooden cubes (3 cm3), 9 painted green and 7 used
for CRM item labels (Figs. A3 and A4).

– CRM item label/sticker template – change to any of
choice but for scoring, all items must contain CRMs
(Fig. A1).

– Mini shopping baskets (Fig. A4).

GreenDealz shopping materials

– 10 wooden cubes (3 cm3), all painted green and covered
by CRM stickers (Figs. 4 and A1).

– CRM sticker template – change to any of your choice
but must be arranged so that only three available CRMs
(per technology) are key functional components (Fig.
A1).

– Mini shopping trolleys (Fig. 4).

– GreenDealz “supermarket aisle 2050” as an A2 lami-
nated sheet (Fig. A2) – update import reliance labels as
necessary.

General materials and items

– Data recording sheet OR a number/barcode scanning
mobile app.

– Participant ID tokens or any label types for anonymous
IDs.

– Monitor or laptop and presentation showing visuals, in-
formation and results.

– Sticker paper and cutting tools (sticker maker or scis-
sors).
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Figure A1. The 10 GreenDealz critical raw material (CRM) shopping cube labels which include: CRM names, images of “pure” CRMs,
i.e., elemental metals, their primary ores/extractive material, shopping clues/prompts and barcodes. CRM cubes include lithium (image
sources: Encyclopaedia Britannica 2025; Lundberg, 2017), titanium (image sources: Chemical Elements, 2016b; Sepp, 2013), rhodium
(image sources: Chemical Elements, 2016c; Schwen, 2006), bismuth (image sources: Chemical Elements, 2016d; King, 2025a), erbium
(image sources: Chemical Elements, 2016e; Lavinsky, 2010), gallium (image sources: Chemical Elements, 2016f; King, 2025b), copper
(image sources: Zander, 2007; Schwen, 2006), neodymium (image sources: Chemical Elements, 2016a; Lavinsky, 2010), dysprosium (image
sources: Oelen, 2005; Lavinsky, 2010) and silicon (image sources: Chemistry Learner, 2025; Wilkins, 2015).
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Figure A2. GreenDealz “supermarket aisle 2050” (to be used in A2 format with 3 cm3 cubes). Supermarket aisle background (except for
logo) is adapted from Freepik (2025).
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Figure A3. Item cube labels for task 1 of the embedded assessment. Cubes include aluminium ore (image source: King, 2025b), a battery,
USB cable, heat pump, kettle, pencil and night vision goggles (images sourced from Freepik, 2025).

Figure A4. Embedded assessment props; nine plain cubes, CRM item cubes (image sources: Freepik, 2025; King, 2025b) and shopping
baskets.
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Appendix B: GreenDealz user guidance

Key learnings (and engagement moments)

1. CRMs come from the Earth and are important for re-
newable energy systems & society (assessing cubes for
properties and pictures).

2. CRMs can have supply risk due to import reliance
and/or demand (i.e., both wind and solar energy sys-
tems need a copper cube, import reliance labels on cube
places within Aisle 2050).

3. The EU Green Deal cannot be achieved without CRMs
(provide information and visuals on screen throughout
engagement).
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