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Abstract: Guiding future awareness of and attitudes on the importance of nature and
understanding environmental change is crucial for its future mitigation. A barrier to acting
on issues such as climate change, however, is the time scale at which they occur and
the lack of tangibility around key concepts such as the impact they have on phenotypic
shifts in fauna and flora. Here, we assessed an environmental education intervention
integrated into a mainstream curriculum that included cooperative learning and a practical
environmental biology experiment. We aimed to understand if this intervention increased
both the awareness of environmental change and intention to act in primary-school-aged
children. We selected 150 students (5-11 years) from Oakhurst Community Primary School,
UK, and assessed the intervention via the Draw-Our-Environment (DOE) test and an
Environmental Perception Survey (EPS). We showed how a curriculum inclusive of more
than tokenistic environmental education, developed through considering a combination of
different active learning activities, favoured a clear increase in environmental awareness
and intention to act. Via path analysis, we showed that an increase in environmental
awareness (assessed via the DOE test) determined an increase in individual orientation on
pro-environmental behaviours (assessed via the EPS). Experiential learning helps students
to understand the physical processes of environmental change and increase awareness
of environmental problems. This has the potential to alter perceptions of young people’s
attitudes on the importance of and willingness to act against environmental change.
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1. Introduction

A challenge with increasing public contribution to address global environmental con-
cerns is giving the public tangible information and clear pathways to implement change [1].
The lack of willingness in public participation in addressing climate change has been
attributed to the public’s lack of understanding and/or misunderstanding of physical
processes (e.g., global warming, greenhouse gases, photosynthesis, phenotypic shifts) [2].
These terms are far removed from everyday activities and as such can be difficult for the
public to reconcile into manageable actions [3].

The current youth are expected to overcome the legacies of environmental and climate
inaction [4]. Several studies have indicated that young people’s understanding of environ-
mental change is limited in understanding the physical processes of environmental change
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(i.e., phenotypic shifts) [5]. Simply educating students about environmental impacts can
affect students’ behaviour and attitudes towards environmental issues [6], but it does not
necessarily lead to students fostering a sense of responsibility (i.e., attitude-behaviour
gap; [7]). This can be attributed to a lack of tangible connection between classroom learning
and real-world impacts, leading to a sense of detachment [8]. Other factors can also play
a role in taking responsibility for improving environmental conditions, e.g., the predom-
inance of cognitive activities over affective-based actions [9], the clash between climate
change communication and individuals’ sensitivity [10], and the discrepancy between the
impact of individual actions versus collective effects [11].

Conservation education is a type of environmental education with the specific aim
of influencing people’s attitudes, knowledge, behaviour, and emotions about nature and
wildlife [12]. Initiating behavioural change is the primary goal of conservation education
projects, though many initiatives achieve only the first stage of the revised Bloom taxon-
omy of educational objectives (i.e., increase in knowledge) within the cognitive learning
domain [12,13]. The cognitive domain has been the influence of curricular development
and assessments worldwide [14]. Recently, it has been acknowledged that if there is any
hope of ensuring the long-term goal of increasing the pro-environmental behaviours of the
next generation, environmental education techniques need to adapt within the affective
domain (i.e., values, attitudes, and interests) [15]. The affective domain’s utilisation and
international acceptance have been more subdued, highlighting the need for research into
how it can be used to guide curricular development [16].

Active learning involves students taking an active role in learning with the educator
being a facilitator of this process, and it is effective in teaching STEM disciplines [17].
Examples of active learning techniques are group discussion, hands-on field or laboratory
experience, problem-based learning, role playing, and gamification [18]. Experimental
activities, in particular, have been shown to increase knowledge and stimulate cognitive
processes [19]. The active learning paradigm, which involves constructing personal mean-
ing and building internal representations of knowledge, relies on direct experience [20].
Experiential learning—where individuals engage in practical activities that reinforce their
understanding—plays a crucial role in shaping how they interpret information and develop
attitudes [15].

Active learning produces students with higher levels of emotional intelligence, i.e.,
self-awareness, self-regulation, motivation, empathy, and social skills [21]. Highlighting
the likelihood of an individual choosing to invest in future pro-environmental behaviours
as an adult is framed by their own personal experience [22]. Experiencing firsthand the
effects of a physical environmental process will produce a more inherent understanding
of biological principles and individuals will thus gain a sense of urgency as it has been
personally experienced [23]. For example, a programme combining digital photography
and hands-on educational activities increased children’s knowledge of, attitudes about,
and intention to act about the social and scientific dimensions of environmental change [24].
Similarly, related studies also identified that environmental engagement activities resulted
in changes in skills, attitudes, and knowledge related to enhancing ecological, social, and
economic justice [25-27].

Active learning can be a way to support children’s learning environments and promote
an increase in awareness of and orientation on environmental issues such as climate
change [24]. Environmental awareness refers to how students think about environmental
issues in their lives and how they can make a difference in this world [25]. An increase
in knowledge and understanding is the main element considered to achieve an increase
in environmental awareness, but some authors include environmental perception as an
element of environmental awareness (e.g., [25]). For this paper, however, we considered
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environmental perception a separate element from awareness as it is not only children’s
ability to perceive environmental issues but also the way in which the environmental issue
is interpreted [28], and we did not investigate environmental perceptions

This study aimed to assess whether integrating an environmental education inter-
vention into a mainstream curriculum—combining cooperative learning with a hands-on
experiment—could enhance primary-school children’s awareness of environmental change
and their intention to act. Ultimately, we sought to strengthen their connection with na-
ture and foster a positive attitude toward the topic, particularly regarding the impact
of environmental change on wildlife [29,30]. We hypothesised that the educational re-
source would deepen students’ understanding of the relationship between temperature
and the phenology of organisms, thereby increasing both awareness and intention to act.
Additionally, we predicted that environmental awareness and environmental orientation
scores would rise following the intervention and that improvements in various aspects of
environmental awareness would have a significant positive effect on different elements of
environmental orientation.

2. Materials and Methods
2.1. Site Selection and Test Subjects

One hundred and fifty students from Oakhurst Community Primary School in the
United Kingdom partook in this case study. Students from six classes across three year
groups, years one, two, and five, were eligible to participate. The ages of the participants
(5-11 years) were selected based on Piaget’s theory of cognitive development [31]. Focusing
on the pre-operational and concrete operational stages, children begin using inductive
logic or reasoning from specific information to form a general concept [32]. Individual
classes were selected based on their prior engagement with the scientific module “Life
Cycles” during the semester before this case study. This approach ensured a smooth
transition for participating students while providing a foundational understanding of
phenological processes.

2.2. Intervention

The environmental education strategy was integrated into the first week of term six
and delivered in three elements: a workshop, the set-up of a practical experiment, and the
monitoring and recording of the practical experiment. The workshop and set-up of the
practical experiment were completed during the first visit and lasted around two hours per
class (Table 1).

Table 1. Elements of the environmental education intervention delivered to Oakhurst Primary School
(150 students) in Wiltshire, UK, with target revised Bloom’s level.

Activity

Type Revised Bloom'’s Level

Workshop

PowerPoint presentation with imagery and activities

. . . . . Remember, Understand.
including active discussions between peers.

Experiment set-up

Practical activity preparing live specimens, set-up of

. : L R .
incubator, and making predictions. emember, Understand

Experiment monitoring/recording

Practical experiment monitoring and recording

phenological changes in Vanessa cardui larvae Remember, Understand, Apply.

A simplified version of the baseline experiment described in Granato et al. [33] was
used during the intervention. Larvae in this experiment were only exposed to low and high
temperatures. Each of the 6 classes were supplied with one incubator and ten Vanessa cardui
larvae. Greater replication was not required based on the baseline experiment and the
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reliability of responses from previous studies [33]. Three of the classes’ incubators were
at the optimal temperature (28 °C) whilst the remaining enclosures were kept at room
temperature (18.5 °C). Incubators were set up to the same standards as those of the baseline
experiment. Students monitored the incubators over several weeks, documenting the
pupation date and emergence date in a child-friendly way.

2.3. Evaluation

A mixed-methods approach for evaluating the outcomes of this study was used.
More specifically, we used the “Draw-Our-Environment” test to measure environmental
awareness and a survey to measure environmental orientation which were adapted versions
of two existing environmental education (EE) evaluation instruments.

The first assessment method, an open-ended drawing prompt, was adapted from
the Draw-An-Environment test [34] and the similar Schoolyard Habitat Drawing [35].
Previous studies suggest that environmental concepts and definitions can be evaluated
using drawn images and written words [36]. Employing a similar approach, this study used
a drawing exercise with a written prompt that asked participants to “Draw a Picture of our
Environment” and an additional verbal prompt asking participants to “Draw and label what
our environment means to you”. The Draw-Our-Environment (DOE) test was designed to
allow children to express their awareness of the word environment, allowing individuals
creative scope when considering the words “Our” and “Environment” together, resulting
in images that were personal but reflective of community [37]. For example, these included
children’s general depictions of habitat types across an anthropogenic-to-natural spectrum
(i.e., indoor habitats, back-garden habitats, natural outdoor habitats). Additionally, any
changes or interactions between them provided a coarse measure of eco-affinity and eco-
awareness or the extent to which the children demonstrated a personal interest in and
attitudes to an array of environmental settings. To assess this, the scoring rubric from
Moseley et al. [34] was used to facilitate a reliable evaluation of children’s drawings among
multiple scorers (Table Al). Participants were anonymised prior to this study; a code was
given to each student which was used for the individual consistently throughout data
collection (Tables A2—-A4). Participants’ drawings were evaluated independently on three
occasions by C.G. and two educators at Oakhurst Community Primary School. To remove
bias from the evaluation, individuals from different departments with no personal and/or
professional connection to the participants were asked to partake in the evaluation process.

The second assessment method, a paper survey, was an adapted version of the Chil-
dren’s Environmental Perception Scale (CEPS). The original CEPS from Larson et al. [38]
included 16 Likert-type statements and proved to be a valid and reliable method for evalu-
ating children’s orientations, eco-affinity, and eco-awareness. This method is not suitable to
assess environmental perceptions despite the name of the survey, but it is still an established
method to assess environmental orientation and intention to act, similarly to what was
conducted by Bergman [39] and Collado et al. [40]. This study used the original 16 Likert-
type statements from the CEPS with the inclusion of 8 additional Likert-type statements
focused specifically on climate change. The adjustments made allowed for insight into the
children’s orientation towards current environmental changes. The children responded by
circling one of five responses (from one = “strongly disagree” to five = “strongly agree”)
(Table A5).

2.4. Data Analysis

For the ease of analysis, individual scores from each assessor were combined to create
an overall score for each response variable of the DOE test (human, living, abiotic, and
human-built) (i.e., scorer 1 = 3; scorer 2 = 3; scorer 3 = 2; total score = 8). The responses from
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DOE Test Score
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the Likert-type statements for the EPS were converted to a series of numbers so that calcula-
tions could be made for each response variable (climate change, eco-affinity, eco-awareness)
(i.e., strongly disagree = —2; disagree = —1; unsure = 0; agree = 1; strongly agree = 2). Gen-
eralised Linear Mixed Models via R software v 4.3.1 were used for both strategies. Package
instalments included glmmTMB [41], DHARMA [42], and emmeans [43]. To ensure the
best fit, a variety of family models were tested for each response variable. The select models
for each response variable were as follows: Type-One Negative Binominal Distribution in
Zero-Inflated Negative Binominal (nbinom1) = H; Generalised Poisson Distribution (gen-
pois) = L; Type-Two Negative Binominal Distribution in Zero-Inflated Negative Binominal
(nbinom?2) = A; nbinom1 = Hb; nbinom1 = total [41]; and climate change, eco-affinity, and
eco-awareness = Gaussian [41]. A structural equation model in the form of a pathway anal-
ysis was conducted to evaluate the covariance of the DOE test in response to the EPS. The
package used was Latent Variable Analysis (Lavaan) [44]. The model fit was checked based
on the Comparative Fit Index (0.97 < CFI < 1.00 was considered a good model fit; [45]),
the Adjusted Goodness of Fit (90 < AGFI < 1.00 was considered a good model fit; [45]),
the Standardised Root Mean Square Residual (0 < SRMR < 0.05 was considered a good
model fit; [45]), and the Root Mean Square Error of Approximation (0 < RMSEA < 0.05
was considered a good model fit; [45]).

3. Results
3.1. Environmental Awareness (DOE Test)

The overall score for the DOE test increased in each stage with the most substantial
increase occurring post-experiment. The overall scores for each stage were 440.4 (24.4%,
pre-intervention), 536.6 (29.8%, post-workshop), and 737 (40.94%, post-experiment), with a
slight increase of 5.4% post-workshop and 16.5% post-experiment. This positive impact was
consistent and significant in all the response categories of the DOE tests that made up for
the overall score. The individual response variable scores increased by 1.8% (H), 25.5% (L),
31.4% (A), and 7.4% (Hb) from pre-intervention to post-experiment, demonstrating that
the overall emphasis of environmental awareness was greater in those of the living and
abiotic response variables when compared to those of the human and human-built response
variables (Figure 1; Table A6).

Human Living Abiotic Human-built

——

e

Attempt

Figure 1. Mean score and standard error for each attempt (pre-intervention, post-workshop,
post-experiment) for all response variables (human, living, abiotic, human-built) of Draw-Our-
Environment test for environmental awareness. Data are from 150 children from Oakhurst Commu-
nity Primary School, UK.
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3.2. Environmental Orientation (EPS)

There was an increase in EPS scores (i.e., “strongly agree”, SA) over the three stages.
The SA selection score was 1330 pre-intervention (46.8%), 1642 post-workshop (57%),
and 1770 post-experiment (61.4%), demonstrating a consecutive increase of 10.8% post-
workshop and 15.2% post-experiment. The response variables eco-affinity (EA), eco-
awareness (EAw), and climate change (CC) were all positively associated with the environ-
mental education strategies with significant relationships displayed in all variables. Each
response variable displayed an increase in SA from pre-intervention to post-experiment
(4.9% for EA, 4% for Eaw, and 6.4% for CC).

The responses of individual statements varied within the response variable categories. The
statements that required action from the participant within the EA category received on average
higher scores of SA than those of statements which simply stated a view, e.g., for #20, “I would
give some of my pocket money to help protect wild animals”, 76 students (71%) selected SA post-
experiment in comparison to for #3, “I like to read about plants and animals”, where 65 students
(60.7%) selected SA, a trend that was consistent throughout the EA response variable.

The EAw response variable category showed that the statements which implied a
negative impact towards the individual or community scored higher in the SA response,
e.g., for #15, “if there were no trees everyone’s life would change”, 99 students (92.5%)
selected SA post-experiment. This was closely followed by statements which invoked a
negative feeling towards the individual; for example, for #6, “building homes where plants
and animals use to be upsets me”, 75 students (70%) selected SA in comparison to for
impersonal statements such as #8, “nature is easily destroyed”, where 68 students (63.5%)
selected SA post-experiment.

The CC response variable received the highest overall increase; however, it also
displayed the highest level of uncertainty post-experiment, demonstrated by the statement
response “unsure” being chosen by 13.5% of children in comparison to EA (11.2%) and Eaw
(7.6%). Additionally, like the other response variable categories, it also displayed variation
in responses to individual statements. However, unlike the EA category, a statement which
required action from the participants received the lowest SA selection, i.e., for #23, “I would
help in projects that are trying to reverse the effects of climate change”, 65 students (60.7%)
selected SA in comparison to for statements which expressed importance, such as #24, “It
is important to learn about the effects of climate change on plants and animals”, where
79 students (73.8%) selected SA (Figure 2; Table A7).

Climate Change Eco-Affinity Eco-Awareness
16 -
14 -
o
312 - : i
o 10 $ T
e ¢ .
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2 ad
o) i &
[2 2
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1 2 3 1 2 3 1 2 3
Attempt

Figure 2. Mean score and standard error for each attempt for all response variables of Environmental
Perception Survey (climate change, eco-affinity, eco-awareness) for environmental orientation. Data
are from 150 children from Oakhurst Community Primary School, UK.
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3.3. Relationship Between Environmental Awareness and Environmental Orientation

Each variable of the DOE test (human, living, abiotic, human-built) showed a positive
impact on each variable of the EPS variables (climate change, eco-affinity, eco-awareness).
The responses of individual variables varied; however, they all displayed a significant
impact. A positive correlation was also displayed within the EPS variables (Figure 3;
Table A8). The model fit parameters were CFI = 1.0; AGFI = 1.0; SRMR = 3.3 x 10-8; and
RMSEA =0.0.
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Figure 3. Estimates for the response variables for the Draw-Our-Environment test for environmental
awareness (human, living, abiotic, human-built) in relation to the Environmental Perception Survey
response variables (climate change, eco-affinity, eco-awareness) for environmental orientation. Double
arrows indicate covariances between the Environmental Perception Survey variables. The data are
from 150 children from Oakhurst Community Primary School, UK. ** p < 0.01.

4. Discussion
4.1. Curriculum Design and Active Learning

Here, we demonstrated how a curriculum that went beyond tokenistic environmental
education—designed by integrating various active learning activities—significantly en-
hanced environmental awareness and intention to act among primary school students in
Wiltshire, UK. Alongside the environmental biology experiment, a key factor in enhancing
students’ retention of concepts about climate change and understanding of its environ-
mental impact was a series of activities that encouraged active peer discussions during
the workshop stage. The activity was guided by the concept that knowledge cannot be
simply transmitted through passively absorbing it but can rather be constructed through
mental activity [46]. The active discussion component enabled learners to construct their
own meaning and develop internal, personal representations of knowledge [47], foster-
ing higher-order skills and attitudes that extended beyond discipline-specific knowledge.
These higher-order skills included transferable abilities such as empathy for real-life situ-
ations and self-evaluation [20]. Despite its increasing positive traction, active discussion
between young students can often lead to misconception, due to the lack of understanding
or knowledge of the revised topic [48]. Similarly, as Giles [49] states, to achieve higher-level
discussions, children need to be taught how to construct dialogue in groups if they are
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to effectively learn the skills to enhance environmental learning. Yannier et al. [50] state
that active, student-focused discussions give students time to reflect not only on their own
thoughts but also on those of their peers. Gaining knowledge through participation and
contribution often fosters problem-solving and collaborative thinking skills, which are
especially valuable when applied to real-world challenges such as environmental change.

Collaborative thinking or cooperative learning is not simply a synonym for students
working in groups but rather refers to specific conditions that include the following ele-
ments: positive interdependence, individual accountability, face-to-face promotive inter-
action, the appropriate use of collaborative skills, and group processing [51]. Successful
in the practical set-up stage of this study design, it enforced the notion that cooperative
learning promoted understanding of the impacts of environmental issues and influenced
orientation on behaviours for it to comply with pro-environmental behaviours. As shown
by Yavuz [52], responsible environmental behaviours are associated with positive early
childhood experiences in education, focusing specifically on environmental awareness.
Although, it is suggested that cooperative learning in environmental education cannot be ef-
fective and thrive without considering students’ needs and preferences [53]. Consequently,
it is important to determine attitudes, group composition, and social skills when imple-
menting cooperative learning [54]. More recently, studies have indicated that collaborative
learning is inclusive of individual needs as it not only engages cognitive abilities but also
encompasses motivation, self-awareness, empathy, personal experience, and social skills.
Thus, this produces students with higher levels of emotional intelligence to pragmatically
deal with future problems, e.g., environmental issues [15,20,21]. Additionally, a greater
depth of understanding of students’ needs can only be achieved when environmental
education is present in more than tokenistic forms [55].

One of the most important aims of environmental education is bringing up individuals
who have sensitivity towards the environment [25]. Affective learning using prolonged
environmental education activities, like that of the practical element of this design, allows
students the time to establish personal connections to the environmental activities. In
performing so, it generates a sense of responsibility for the outcome, developing a deeper
sense of environmental awareness and understanding. In agreement, Littledyke [56]
states that environmental education inclusive of the affective domain enforces a sense of
a relationship and is essential for environmental care and responsibility, which in turn
leads to pro-environmental action. Similarly, a study with a practical design element of
learning in open spaces showed a significant positive effect on students” awareness of
the local environment [57]. Claims have also been made that environmental education
theory and research have overlooked the children who are the subjects of environmental
education, and no research has been conducted that places student experiences at the
centre of attention [58]. More recently, research findings have shown substantial evidence-
based, child-focused studies on affective learning and its positive effects on environmental
education [25-27]. The current concern is, rather, that the formation of attitudes and
affective skills have not been fully implemented into curricula [59].

Capturing young children’s environmental perception is particularly challenging;
approaches to environmental education assessment strategies should therefore consider
both cognitive and affective aspects of child—nature relationships [36]. Introducing active
assessment strategies in science education allows students’ construction of mental represen-
tation, fostering the concept of meaningful learning outcomes [60]. This enables students
to experience learning, where students transition from a passive position to the position of
“doing and experiencing” [61]. Such assessment strategies are considered an alternative
method and not widely implemented in teaching practises [62]. However, active assess-
ment strategies used in the context of ethnoecological research open a general interaction
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space between science and society [63]. It is suggested that understanding one’s immediate
societal surroundings creates an awareness where change becomes a possible action [21].
Environmental assessment strategies which focus on changing attitudes rather than simply
transferring information have had success in influencing pro-environmental behaviours of
students [64].

4.2. Teaching the Concept of Environmental Change in Schools

Teaching the concept of environmental change within schools can encourage students
to make connections between the general depiction of global environmental concern and
the environmental representations of environmental change in the local community [25].
The issue is not identifying the effectiveness of teaching strategies but rather their ap-
plication and delivery [65]. Limited research providing a comprehensive description of
environmental education programmes and projects that are part of curricula developed
and implemented in primary and secondary schools, combined with a lack of knowledge,
results in curricula developed without a cohesive strategy to guide students to competently,
successfully cope with environmental matters [66]. Environmental education present in
curricula as more than in a tokenistic form is required, but evidence suggests that until cur-
riculum politics, planning, and implementation can be reworked, environmental education
will continue to be characterised as loose in organisation with little sense of direction [66].

It is recognised throughout the current literature and curriculum documents that
increasing emphasis is placed on promoting positive attitudes towards the environment [67].
Many teachers agree that it is important to integrate environmental education in the
learning process of students, but this does not dismiss several apparent constraints [68].
The issue that educators currently face is producing the effective delivery of a subject that
requires such magnitude. Shortages of time and resources are, in part, one of the major
concerns when teaching in environmental education [69]. In turn, limited resources coupled
with the unfamiliarity of environmental learning creates an environment where educators
lack confidence, support, and knowledge to deliver effective environmental education
sessions [48].

A new initiative in designing green spaces on school grounds has been adopted by
several academic institutes. This method of teaching enables students to connect with
nature and create an environment where children can actively engage with their surround-
ings, producing students who are environmentally conscious [26,30,70,71]. However, green
schoolyards as learning environments remain mostly unintegrated in teachers” educational
practises [72], potentially due to teachers lacking hands-on experience with outdoor envi-
ronments and knowledge of local biodiversity [73,74]. There is a substantial divergence
between current teachers’ ability and the espoused aims of environmental education, sug-
gesting that, unless curriculum developers take into account teachers’ unfamiliarity in
designing new curricular materials, those materials are unlikely to be implemented in their
intended format [48].

If integrating environmental education into mainstream curricula is successful, it can
enhance personal growth as well as shape a future community where pro-environmental
behaviours are instinctive [75]. In recent years, emphasis has been placed on the connection
between children’s social-emotional learning (SEL) and nature [76], a process in which
individuals obtain and apply knowledge, skills, and attitudes to manage emotions, show
empathy, develop healthy identities, establish and uphold supportive relationships, achieve
collective and personal goals, and make accountable decisions [77]. Enhancing SEL skills
in young children through curriculum-based SEL interventions has resulted in outcomes
positively associated with affinity with nature [76].
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The concept of eco-affinity has recently generated great interest and empirical re-
search. Simply being environmentally literate is not enough to effectively predict pro-
environmental behaviours [7]; by adopting the notion that environmental attributes such
as land are seen as part of the community in which we belong, we may begin to use these
behaviours with love and respect [78]. Using human relationships as an example, when
relationship closeness increases, so does empathy and willingness to help; expanding one’s
sense of self to include another does lead to more empathetic and protective behaviour, a
concept which can be extended to human-environment relationships [78]. In designing
curricula, educators should use particular care in using a biophilic approach (i.e., to support
children’s affinity towards nature [29,30]). Biophilia is considered an innate human need
and tendency to connect with life, but there is strong support that it is learned and experi-
ential [29]. With individuals’ inability to change their lifestyle choices and limiting factors
in responding to environmental change, environmental educators are more important than
ever [29]. Environmental education can foster attitudes, motivation, and commitments to
create a future generation where change is possible [28].

5. Conclusions

We found that a significant relationship was present between active learning in the
form of cooperative and experiential learning and increasing intention to act and envi-
ronmental awareness in primary-school-aged children. Peer discussions enabled learners
to foster attitudes and empathy for real-life situations, as well as problem-solving and
collaborative thinking skills, which are especially valuable when applied to real-world
challenges such as environmental change. Experiential learning to create connectedness
with nature helps students to understand the physical processes of environmental change
and increase awareness of environmental problems. This has the potential to alter per-
ceptions of young people’s attitudes on the importance of and willingness to act against
environmental change.
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Appendix A
Table A1. Rubric used for scoring Draw-Our-Environment (DOE) test (adapted from Moseley et al.
[34]).
Factor Present Interaction with Other Factors =~ System Interactions Made Explicit
0 points 1 point 2 points 3 points
Human(s) drawn interacting Humans drawn with obvious
. with other humans and/or deliberate emphasis on interaction
Drawing does ~ Human(s) drawn .
. . another factor (e.g., a human with one or more factors and the
not contain without any apparent . .. . . . . .
Human . . . 2 fishing or walking on a bridge) influence of that interaction on the
pictures interactions with - . . . . .
but without special emphasis environment using special
of humans other factors . o
placed on the influence of the indicators such as conceptual labels
interaction on the environment and/or arrows
.. . Living organisms drawn Living organisms drawn with
Living organisms . . . . . . .
. interacting with other living obvious deliberate emphasis on
Drawing does (e.g., plants and . . . .
. : organisms and/or another factor  interaction with one or more factors
.. not contain animals) drawn . . . . .
Living . . . (e.g., animals grazing) but and the influence of that interaction
pictures of liv-  without any apparent . . . . . .
: . ) . . without special emphasis placed  on the environment using special
ing organisms  interactions with . s
on the influence of the indicators such as conceptual labels
other factors . . .
interaction on the environment and/or arrows
C Abiotic items drawn interacting  Abiotic items drawn with obvious
Abiotic items (e.g., . T . . . .
. . . with other abiotic items and/or ~ deliberate emphasis on interaction
Drawing does mountains, rivers, the . .
. another factor (e.g., wind with one or more factors and the
. not contain sun, or clouds) drawn . . . .
Abiotic . . blowing down a tree) but influence of that interaction on the
pictures of without any apparent . . . . . .
. . . . without special emphasis placed environment using special
abiotic factors interactions with . .1
on the influence of the indicators such as conceptual labels
other factors . . .
interaction on the environment and/or arrows
Human-built or Human-built items drawn - .
. - . . . Human-built items drawn with
. -designed items (e.g.,  interacting with other . . .
Drawing does iy b obvious deliberate emphasis on
. buildings, human-built items and/or . . .

Human- not contain . interaction with one or more factors
. . automobiles, and another factor (e.g., a smokestack . . .
built or pictures of . i . . and the influence of that interaction
. bridges) drawn emitting smoke into the air) but . - .

-designed human- on the environment using special

built factors

without any apparent
interactions with
other factors

without special emphasis placed
on the influence of the
interaction on the environment

indicators such as conceptual labels
and/or arrows

Table A2. Student 150’s first attempt (pre-intervention) at the DOE test (female, aged ten); a score of
one was received from all examiners for the living, abiotic, and human-built components. It is shown
in the form of flowers, the sky, and a brick wall.

Participant DOT Example No. 150  Factor Scorel  Score2  Score3 Average Score
Human 0 0 0 0
Living 1 1 1 1
Abiotic 1 1 1 1
Human-Built 1 1 1 1

Total 3 3 3 3
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Table A3. Student 93’s second attempt (post-workshop) at the DOE test (male, aged seven); a score of
two was received from all examiners for the living component, due to the image showing the living
component interacting with other components; for example, the mole is digging and the spider is
climbing a tree. The examiners also unanimously scored one for the abiotic component and a score of
zero for both the human and human-built components. An abiotic score of one was given due to the
body of water being present.

Participant DOE Test Example No. 93 Factor Score 1 Score 2 Score3  Average Score
Human 0 0 0 0
Living 2 2 2 2
Abiotic 1 1 1 1
Human-Built 0 0 0 0
Total 3 3 3 3

Table A4. Student 101’s third attempt (post-experiment) at the DOE test (female, aged 9). The exam-
iners unanimously scored three across the board for the living, abiotic, and human-built components.
This was due to the interactions in the image being clearly labelled, such as “high sea” and “dump
sea”, with an image of rising water and plastic pollution, and “petrol cars” and “to much” with
images of a car emitting toxic fumes and high-rise buildings.

Participant DOE Test Example No. 101  Factor Scorel  Score2  Score3  Average Score
Human 0 0 0 0
Living 3 3 3 3
Abiotic 3 3 3 3
Human-Built 3 3 3 3
Total 9 9 9 9

Table A5. The 24 Likert-type statements used in the Children’s Environmental Perception Survey
(CEPS).

Eco-Affinity

#1 I like to learn about plants and animals

#3 I like to read about plants and animals.

#5 I like to learn about nature.

#10 I would help clean up green areas in my area.

#12 I am interested in learning new ways to help protect plants and animals.

#16 I would spend time after school helping to fix problems in nature.

#20 I would give some of my pocket money to help protect wild animals.

#22 I like to spend time in nature reserves.
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Table A5. Cont.

Eco-Awareness

#2 plants and animals are important to the planet.

#6 building homes where plants and animals use to be upsets me.

#7 If there were no plants or animals my life would change.

#8 nature is easily destroyed

#11 plants and animals are easily harmed by people.

#13 people need plants to survive.

#15 If there were no trees everyone’s life would change.

#18 everyone needs to take better care of nature.

Climate Change Affinity and Awareness

#4 changes to the environment are good for plants and animals.

#9 climate change effects animals.

#14 climate change is bad for nature.

#17 climate change effects plants.

#19 habitats change because of climate change.

#21 climate change effects life cycles of plants and animals.

#23 I would help in projects that are trying to reverse the effects of climate change.

#24 It is important to learn about the effects of climate change on plants and animals.

Table A6. The results of the Generalised Linear Mixed Model for each response variable for each
attempt (pre-intervention, post-workshop, post-experiment) of the Draw-Our-Environment test. The
test was given to 150 students between five and ten years of age. * p < 0.05; *** p < 0.001.

Response Variable Predictor Estimate Std. Error z-Value p-Value
Intercept 1.516 0.065 23.216 <0.001 ***
Human Attempt 2 0.116 0.083 1.389 0.164
Attempt 3 0.182 0.083 2.182 0.029 *
Intercept 1.178 0.043 27.392 <0.001 ***
Living Attempt 2 0.351 0.044 7.991 <0.001 ***
Attempt 3 0.494 0.043 11.305 <0.001 ***
Intercept 0.834 0.063 13.129 <0.001 ***
Abiotic Attempt 2 0.336 0.072 4.652 0.001 ***
Attempt 3 0.824 0.066 12.390 <0.001 ***
Intercept 1.138 0.067 16.991 <0.001 ***
Human-built Attempt 2 0.213 0.064 3.307 0.045 *
Attempt 3 0.438 0.090 4.822 <0.001
Intercept 2119 0.039 53.60 <0.001 ***
Total Attempt 2 0.327 0.037 8.71 <0.001 ***

Attempt 3 0.586 0.035 16.40 <0.001 ***
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Table A7. The results of the Generalised Linear Mixed Models with the response to the Environmental
Perception Survey. The survey was given to 107 students between seven and ten years of age.

*** p < 0.001.

Response Variable Predictor Estimate Std. Error z-Value p-Value
Intercept 3.688 0.218 16.85 <0.001 ***

Climate Change Attempt 2 3.579 0.246 14.55 <0.001 ***
Attempt 3 6.504 0.246 26.44 <0.001 ***
Intercept 5.607 0.218 25.69 <0.001 ***

Eco-Affinity Attempt 2 3.747 0.252 14.83 <0.001 ***
Attempt 3 7.243 0.252 28.67 <0.001 ***
Intercept 5.776 0.340 16.94 <0.001 ***

Eco-Awareness Attempt 2 3.607 0.244 14.76 <0.001 ***
Attempt 3 7.084 0.244 28.98 <0.001 ***

Table A8. The results of the path analysis, a structural equation model with the responses to the
perception survey and Draw-Our-Environment test.

Response Variables Estimate Std. Error z-Value p-Value
Climate change

Human 0.242 0.059 4.076 0.0001
Living 0.552 0.087 6.350 0.0001
Abiotic 0.467 0.069 6.787 0.0001
Human-built 0.287 0.060 4.786 0.0001
Eco-Affinity

Human 0.269 0.063 4278 0.0001
Living 0.568 0.092 6.156 0.0001
Abiotic 0.574 0.073 7.866 0.0001
Human-built 0.318 0.064 4.997 0.0001
Eco-Awareness

Human 0.268 0.060 4.486 0.0001
Living 0.579 0.088 6.618 0.0001
Abiotic 0.601 0.069 8.689 0.0001
Human-built 0.381 0.060 6.320 0.0001
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