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Branches of Plant Blindness and their relationship with biodiversity

conceptualisation among secondary students

Although citizenship’s literacy on biodiversity is a promising way of confronting
its loss, the unawareness about this topic is generalised, particularly regarding
plants. The latter phenomenon, named Plant Blindness (PB), not only refers to
the inability to notice and identify the surrounding plants, but also to the lack of
knowledge about the basics of plant biology and to the subsequent ignorance of
the value of plants. Hence, the aim of this research has been to assess whether
secondary students experience PB and to analyse if this phenomenon can be

interrelated with their conceptualisation and attitudes towards biodiversity.

For this purpose, 63 secondary students took a mixed closed- and open-ended
questionnaire on different aspects of biodiversity and plant biology. The results
revealed that, despite conceptualisation of biodiversity and plant literacy
increased during secondary education, most students presented PB “symptoms”.
Moreover, some of the dimensions studied were interrelated, such as
comprehension of biodiversity and different aspects of plant knowledge.
Therefore, these results indicate that PB has multiple branches which are not only
related to plant topics sensu stricto, but also include biodiversity; which can
provide novel insights to the appropriate approach to the plant blindness issue

from an educational perspective.

Keywords: biodiversity education; plant blindness; phenomenography;

compulsory and post-compulsory secondary education; plant nutrition

Introduction

Plants are virtually ubiquitous and essential for life on Earth because they are the basis
of trophic chains, ecosystem services providers and key to preventing or solving most of
the environmental and socio-economic problems humanity is facing (Hartley et al.

2011; Isbell et al. 2011). Nevertheless, plants are usually not taken into consideration
and people have less knowledge about them they do about animals (Lindemann-

Matthies 2005; Schussler and Olzak 2008). As a matter of fact, laypeople tend to
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overlook common local plant species showing limited knowledge in native plant species
identification (Diez et al. 2018; Kaasinen 2019).

This cognitive bias has been observed and investigated for decades and it was
Wandersee and Schussler (1999) who coined the term Plant Blindness (PB) and
described it as the inability to notice surrounding plants. Later on, these authors
suggested different aspects this phenomenon encompasses such as understanding plant
communities as the background for animal life, the difficulty to differentiate and
identify plants in one’s own geographical area, incomprehension about basic plant
biology, and the inability to recognise the functions and the importance of plants among
other traits (Wandersee and Schussler 2001). Thus, plant blindness does not only imply
the incapacity to name and identify plant species, but it is also a phenomenon that
impedes the integral and holistic comprehension of basic plant biology, the relationship
between different living organisms and their role in ecosystems.

Over the last years, several hypotheses regarding the reasons for this
phenomenon have been suggested. On the one hand, Bozniak (1994) and Hershey
(1993) argue that the reason for the lack of interest and knowledge in plants could be
their cultural exclusion since, in our western and zoocentric culture, plants are ignored
and relegated to be the background where animals live. In fact, the underrepresentation
of plant related contents in educational environments and school curriculums is believed
to be a major driver of PB (e.g. Batke, Dallimore and Bostock 2020; Hershey 2005).
However, PB and plants’ cultural neglect is not a universal phenomenon as indigenous
cultures (i.e. Aboriginal Australian, Native North American...) present strong bonds
with plants (Descola 2009; Hall 2011).

On the other hand, there have also been evolutionary hypotheses to explain PB

including plant immobility and lack of similarity with humans (Kinchin, 1999; Knapp
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2019) and the human brain homogenising plants when processing images (Balas and
Momsen 2014). Thus, as Balding and Williams (2016) state, PB should be
acknowledged as a complex and multifactorial phenomenon which, is affected by both
cognitive and evolutionary factors as well as the cultural context.

Recently, concerns regarding this terminology have arisen among the scientific
community because of its problematic ableist subtext and the alternative term Plant
Awareness Disparity (PAD) has been proposed (Parsley 2020; Sanders 2019). However,
the problem scientific education faces remains complex, and keeps encompassing
several different traits which can be categorised into attention, attitude, knowledge and
relative interest (Parsley 2020).

Indeed, it is the aforementioned multifaceted characteristic of the PB
phenomenon that renders its assessment difficult (Amprazis and Papadopoulou 2020).
To date, several aspects of this phenomenon have already been researched though not in
an integrated and interrelated approach. For example, apart from the previously
mentioned lack of interest and scarce knowledge about plant biodiversity and species
identification, one of the most studied dimensions about this phenomenon is students’
comprehension of plant physiology and in particular plant nutrition, as it is the source of
numerous and well documented misconceptions and learning difficulties (Wynn et al.
2017).

Furthermore, PB also has cascading effects on biodiversity knowledge as the
ignorance of plants causes the majority of people to describe biodiversity as solely the
species richness of the animal kingdom without integrating the plant world (Bermudez
and Lidemann-Matthies 2018; Dikmenli, 2010). In fact, according to Thomas, Ougham
and Sanders (2021) PB and sustainability are connected through conservation and

biodiversity. Hence, PB can be considered as a hindrance to biodiversity conservation
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and, consequently, to the achievement of many Sustainable Development Goals (SDGs)
(Amprazis and Papadopoulou 2018; Amprazis and Papadopoulou 2020; Thomas,
Ougham and Sanders 2021).

This is alarming since biodiversity loss is one of the most worrying
environmental issues nowadays due to its crucial importance for the functioning of
ecosystems and survival of humankind (Cardinale et al. 2012; Hooper et al. 2012).
Moreover, although literacy on biodiversity is a highly promising way to confront this
issue (Schneiderhan-Opel and Bogner 2020), the overall knowledge about the concept
of biodiversity held by young people and laypeople in general is scarce or only partially
accurate (European Commission 2013; Levé et al. 2019; Menzel and Bogeholz 2009;
Schneiderhan-Opel and Bogner 2019). In fact, the most common definition of
biodiversity given by laypeople is simply ‘the diversity of living things’, result of an
etymological analysis of the word biodiversity (Hunter and Brehm 2003).

Similarly, species identification skills, which are often emphasised as a
prerequisite for the comprehension of biodiversity and ecology (Magntorn and Helldén
2005; Randler 2008), are also poor (Hooykaas et al. 2019; Palmberg et al. 2015), and it
is particularly noteworthy the ignorance of native species which negatively affects the
perception of local biodiversity (Almeida, Garcia Fernandez and Strecht-Ribeiro 2018;
Bermudez, Diaz and De Longhi 2017; Dallimer et al. 2012).

According to the bibliography, there are many factors that influence this
generalised illiteracy regarding biodiversity and nature in a broad sense. For instance,
the ever-growing alienation from the nature that particularly young people experience
known as Extinction of experience (Louv 2005; Miller 2005; Soga and Gaston 2016),
and the underrepresentation of biodiversity related topics in classrooms and school

curriculum contents (Amprazis and Papadopoulou 2018; Gayford 2000). Therefore,
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considering that the grasp of ecological concepts and the acquisition of identification
skills helps students understand the complex interactions that take place in natural
systems (Puk and Stibbards 2012) and fosters sustainable behaviour by kindling their
interest in nature (Palmberg et al. 2015; Skarstein and Skarstein 2020), many authors
underline the importance of correctly teaching this concept by implementing student-
centred teaching and learning methods and giving enough time to cover it (Yli-Panula et
al. 2018).

Hence, as education is an essential tool with which to prevent PB and
biodiversity illiteracy (Jose, Wu and Kamoun 2019; Uno 2009), and taking into account
that plant related contents are present in the compulsory education curriculum of most,
if not all, countries; the aim of this research is firstly, to assess whether secondary
school students experience PB based on their conceptualisation, attitudes and interests
towards biodiversity, as well as on their preference for animals/plants, their capability to
list and identify them, and their knowledge about plant physiology; and secondly, to
analyse the relationship between the different aspects of the PB under examination.

Accordingly, the main research questions addressed by this research are as follows:

(1) How do secondary students conceptualise biodiversity and its importance?

(2) Do secondary students experience different aspects of PB (i.e. less interest
towards plants, different listing ability of plants and animals, scarce local plant
species identification skills, misconceptions of plant physiology and
unawareness of plant provided ecosystem services)?

(3) Do the abovementioned aspects of PB and biodiversity literacy correlate?

(4) Does this literacy improve through secondary education?
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Methods

Study site

This study was conducted in a secondary school of Gipuzkoa (Basque Autonomous
Community), in the north of Spain (43°18°N, 1°55°W). This region has a temperate
oceanic climate and its potential vegetation consists of temperate deciduous forests.
Below 600 m, the most common potential woodlands are mixed oak forests with a
canopy dominated by oaks (Quercus robur L.). However, other species such as ash
(Fraxinus excelsior L.), chestnut (Castanea sativa Mill.) and maple (Acer campestre L.)
are also common. On the other hand, in the higher zones above 600 m beech (Fagus
sylvatica L.) forests prevail, poorer than oak forests in terms of biodiversity (Loidi et al.
2011). However, from the 120 873 ha forest area of the region, only 58 478 ha belong to
broadleaf species, the rest being conifer plantations that limit native vegetation
(EUSTAT 2018). Thus, the landscape is dominated by fast-growing tree plantations
(especially insignis pine, Pinus radiata D. Don), rough pastures on mountaintops and

meadows in mid to low altitude.

Participants

Our sample consisted of 63 secondary students from a secondary school placed in a
medium sized town (40.000 inhabitants). Almost half of the students (n=28) were
enrolled in the first year of secondary school (year 8; age 12-13), and the rest (n=35) in
the final years (i.e. year 11 and year 12; age 15-17). The students’ educational level,
age, sample size, gender ratio and Basque education curriculum contents and expected
learning outcomes related to plants and biodiversity are shown in Table 1. When the
data was collected all the students were enrolled in Biology, however, this was only

compulsory for those students in the first year of secondary education.
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In order to assess the progression of students' knowledge about the research
topics from the first year of secondary education to the final years, students enrolled in
Year 8 were compared to those from Year 11 and 12 who were lumped together due to
their shared curriculum specifications. As a matter of fact, the contents and, particularly,
learning outcomes of the first year of secondary education portrayed static and
reductionist perspectives while the final years’ emphasised the holistic understanding of
biodiversity and the role of plants in a more global scale highlighting the dynamic
interrelations that take place in ecosystems. This way, each cohort group represented
respectively the knowledge at the beginning and at the end of secondary education, and
because of the more complex and systems thinking oriented teaching final years

students were expected to obtain better results on average.

Research instrument

The research instrument from the present study consisted of a questionnaire that was
specifically designed to consider the main Basque education curriculum specifications
(see Table 1) and some key issues related to the PB phenomenon identified in the
literature (see below). Thus, the designed questionnaire was separated into six main
parts as described in Table 2 (Appendix 1).

Similarly, it is worth mentioning that the students’ species naming ability (Q11)
was evaluated with a listing task of 10 animals and 10 plants of the students’ choice,
and the identification skills of local plant species (Q12) were assessed by soliciting
students to identify in any language ten of the most common trees and shrubs from the
study area (i.e. Birch (Betula celtiberica Rothm. & Vasc.), ash (Fraxinus excelsior),

beech (Fagus sylvatica), alder (Alnus glutinosa (L.) Gaertn.), chestnut (Castanea
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sativa), maple (Acer campestre), holly (Ilex aquifolium L.), eucalyptus (Eucalyptus
globulus Labill.), oak (Quercus robur) and insignis pine (Pinus radiata)).

Data collection was conducted under the supervision of one of the researchers
(OP) and a secondary teacher and the test was administered during regular school
sessions via an online questionnaire with a time limit of 25 minutes. The methodology
of the research was merely quantitative as it consisted of a single questionnaire (Punch
2005). However, as stated above some of the questions were open-ended questions in
order to gather the students’ conceptions with the most depth and detail possible.

In order to assure the validity and viability of this research instrument, multiple
meetings between the authors were conducted in its design, and it was previously tested
through a pilot implementation with 16 undergraduate students. As a result, some of the
questions about plant physiology were redefined, and one photo from the identification
part was changed due to it being potentially confusing.

All ethical principles were taken under consideration in both the design and
implementation of the questionnaire. The study was approved by the Ethic Committee
of the University of the Basque Country UPV/EHU (CEISH/98/2017). Parents or legal
guardians of the students, school directors and teachers were duly informed about the
aims and procedure of the research and completed a written consent form expressly

authorising the study before it commenced.

Data analysis

Data analysis and visualisation were performed by using the version 3.6.3 of the R
software (R Core Team 2019). First, with the aim of identifying the possible significant
differences of the studied variables between different educational stages, the

homogeneity of the samples was verified according to the Kolmogorov-Smirnov test.
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Nevertheless, as the data did not adjust to a normal distribution, parametric tests were
discarded and non-parametric statistical tests were performed depending on the type of
data. This way, nominal data was analysed by applying the Chi-square test (x°) and its
post hoc described by Beasley and Schumaker (1995); and to verify the significant
differences when comparing ordinal and numerical data the Kruskal-Wallis rank test
was applied.

Secondly, the open-ended questions where students were asked to define and
explain the importance of biodiversity were analysed using a phenomenographic
approach with the objective of gaining insight into the entire spectrum of conceptions
presented by secondary education students (Marton 1986; Marton 2015). In fact,
phenomenographic research shows us that these different ways of understanding reality
can be analysed and categorised. That is, individual interpretations are qualitatively
grouped and categories are established to understand students’ comprehension of the
studied topic. In this study, the range of conceptions of the term biodiversity given by
secondary students were grouped into a hierarchic series of descriptive categories,
following the criteria of Marton and Booth (1997). These categories were constructed
based on students’ responses, and the system of categories intends to reflect an
increasing level of understanding and experiencing of what nature and biodiversity are.

This analysis was performed independently by two researchers to assure the
viability and trustworthiness of the categories. Indeed, the final system of categories as
well as categorisation by which the students’ answers and consequently conceptions
were analysed was obtained via an iterative process of comparison, discussion and re-
definition until an agreement was reached.

Finally, in order to establish relationships between the different aspects of the

PB phenomenon under study (i.e. PAlnt, SpL, PIdS, PSigh, PPhyK, and PEcoS), as well

10
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as their relationship with conceptualisation level regarding biodiversity, the Spearman
correlation coefficient was calculated via pairwise correlations. For such purpose, the
sum of the correct answers was calculated in the aspects that lumped several questions
together (e.g. PPhyK) and the dimensions that were composed of a single question were
treated as ordinal (e.g. SpL). Thus, the interpretation of Spearman’s rho (rs) coefficient
is as follows: rs = .3, weak effect size; rs = .6, moderate effect size; and from rs = .6

onward strong effect size based on Akoglu (2018).

Results

Interest, contact and self-perceived knowledge about nature and biodiversity

Regarding the Likert-type questions, first-year students reported a significantly higher
contact with nature (CN; Q4) than final-years students (H = 4.065, p = .044) (Figure 1).
However, while the interest in nature (Biolnt; Q7) was relatively high for both groups,
significant differences were observed in the self-perception of knowledge about nature
and biodiversity (BioKP; Q5), with students in the final years estimating their
knowledge as being significantly higher (H = 20.621, p <.001).

Moreover, when asked about their interest in plants and animals (PAlInt; Q8),
students significantly preferred animals, especially in the final years, while only 2% of
the total students exclusively chose plants (y~ =37, p <.001) (Figure 2; A). The main
information sources regarding nature and biodiversity (InfS; Q6) students identified
were school (75%) and the media (65%) (Figure 2; B). These were followed by natural
areas (57%), family (52%) and zoos and museums (29%), while the remaining options
were mentioned significantly less (= 128.19, p <.001). From among those who chose

school as an important source of information, 57% identified teachers as their main

11
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sources; and among those who declared the media as a major source the Internet

prevailed (49%).

Conceptions about biodiversity and its importance

By means of phenomenographic analysis six and five hierarchic categories of growing
complexity were inductively described for the definition (BioC; Q9) and for the
importance of biodiversity (BioIC; Q10) questions respectively (Cohen’s Kappa
reliability coefficient average .86) (Table 3). The hierarchic series of the descriptive
categories are enclosed in Appendix 2.

The conceptions students held about the term biodiversity (Table 3) presented
significant differences between different educational stages (Figure 3). On the one hand,
the definitions of biodiversity (BioC; Q9) presented by higher educational level students
were more detailed and resembled more the scientific consensus by being on higher
level categories than the ones of the younger students (H =24.368, p <.001). Thus, as
seen on Figure 3; A, the majority of first-year students found the concept of biodiversity
unknown (61%); and even though older students were more familiar with the term, only
9% included genes, ecosystems and other elements in their definitions, exhibiting,
overall, a correct but partial and simple interpretation of biodiversity. In addition, it is
worth mentioning that 58% of students whose answers were categorised above the D
category (NA/unknown) explicitly mentioned plants and animals, ignoring the rest of
organisms.

On the other hand, regarding the importance of biodiversity (BiolC; Q10),
students from the final years of secondary school showed a more systemic
understanding of biodiversity while comprehending significantly better than younger

students the role of biodiversity in the functioning of ecosystems and its relationship

12
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with the survival of humankind (H = 24.959, p <.001). As in the previous question, the
vast majority of first-year students left this question unjustified, showing that even if
they knew biodiversity was important, they were not able to explain the reason (68%)
(Figure 3; B). Most older students, besides, showed a consistent grasp of the importance
of biodiversity as the majority explained the interactions between the components of the
complex natural systems (e.g. ‘Each species influences ecosystems and in most cases
having many species benefits nature’) (A category, 29%), or at least justified the
importance with a utilitarian argument (e.g. ‘Biodiversity is important because it is the
source of everything we have: medicines, food...”) (B1 category, 43%). However, it is
remarkable that among the 19 answers that were categorised as utilitarian, 47%
presented epistemic or aesthetic reasons for the importance of biodiversity such as ‘It is
important because it helps us understand our planet and how it has evolved’ and ‘It is

important because nature can be boring if it is all the same’.

Lists of plants and animals

In the lists of plants and animals (SpL; Q11) students overall named 111 animal species,
74 by the first-year students, and 94 by the students in their final years with 57 species
being named by both groups. Regarding the number of animals listed, 68% of first-year
and 73% of final-years students named ten animal species as requested, with the
average number of animals listed being 9.26+0.22.

The ten most mentioned animals were dog, cat, lion, horse, tiger, eagle, snake,
shark, rabbit and monkey respectively, so only three were native wild animals from the
region (i.e. eagle, snake and rabbit). Additionally, regarding the biomes of the listed
animals, and without taking into account the 28.1% that were pets and farm animals,

43.1% of the animals listed were native (from temperate forests), while the remaining

13
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56.9% were from exotic biomes, particularly from the savannah (21.9%) and tropical
rainforests (15.6%).

Finally, in regard to the taxonomy of the listed species, 66.3% of the named
animals were mammals, while the animals from the rest of the taxonomic groups were
listed significantly less frequently (x° = 1285.4, p <.001) (Figure 2; C).

On the other hand, the list of plants was shorter than that of animals. Overall, 87
different species were named, the first-year student group and the final years student
group were both able to name 60 species of which 33 were listed by both groups. Unlike
in the animals’ list, only 14% of younger students and 23% of older students managed
the ten species request, and the average number of plants listed was 5.43+0.59 for the
first-year and 6.48+0.5 for the final-years students.

The ten most mentioned plant species were rose, daisy, pine, oak, cactus, tulip,
beech, sunflower, palm tree and apple tree respectively; so, in this case, four of the most
listed species were native wild plants (i.e. daisy, pine, oak, beech), because even though
rose and apple tree can be considered native, they are mainly known as introduced
species in plantations and gardening.

Thus, 57.1% of the plants listed were edible or decorative plants which were
mentioned significantly more than others (y~ =47.415, p <.001) (Figure 2; D). Hence,
the autochthonous plants represented only the 37.2% of the listed species taking into
account the native plants classified in all three ‘Woody’, ‘Herbaceous’ and ‘Others’

categories.

Students’ identification skills of the most abundant plants

Regarding the identification of the most abundant plant species from the study area

region (PIdS; Q12), no student was capable of naming all ten species. The average
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number of identifications was two species per student for both cohort groups. Thus, the
two most identified species were the pine and the chestnut (x> = 1116.4, p <.001), with
71% of students able to identify the pine tree and 65% the chestnut tree (Figure 2; E).
However, it is important to underline the fact that even if most students were not
able to identify these species, they acknowledged sightings of these in their natural
environment (PSigh; Q13), showing therefore the ability to, at least, differentiate them
by their characteristics. Additionally, the most observed plant species were also the
most frequently identified. This way, the most observed plant species were radiata pines
and chestnuts as 87% of students admitted to having seen these species in the natural
environment, followed by oak (75%), holly (63%), birch (54%), maple (54%), beech

(49%), ash (38%), eucalyptus (21%), and alder (19%) respectively.

Knowledge about plant physiology and plant services

Students’ answers about plants’ physiology (PPhyK; Q14-Q18) and the services
(PEcoS; Q19) provided by them significantly varied by educational stage as the students
finishing secondary education achieved more correct answers than those starting it (H =
22.017, p <.001) (Table 4).

The question about the source of plants’ biomass (Q14) was incorrectly
answered by the majority of the students (y* = 15.254, p <.001) (Table 4). In fact, 75%
stated that plants get their biomass mainly from the soil with explanations such as
‘Plants absorb matter and substances through their roots’. Moreover, even if 25% of
students got the question correct by answering that the source of plant biomass is the
atmosphere, only 11% of students explained this answer correctly (e.g. ‘Plants get the
inorganic substances they need from the atmosphere (COz2), in order to transform them

to organic matter later’), all of them belonging to the final years of secondary education.
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Therefore, although there were no significant differences between academic levels
regarding the close-ended answers, the explanations of the students from the final years
were significantly more accurate (y~ = 5.414, p = .02).

In the question where students had to complete a sentence relating to plant
nutrition (Q15), similar significant results regarding the differences between academic
levels were observed (y*> = 13.302, p = .004), even though, in this case, the correct
answer was the most common answer (%~ =20.619, p <.001) (Table 4). However, most
of the first-year students presented the common misconception that plants obtain their
nourishment through their roots (43%).

Regarding the questions about the occurrence of photosynthesis (Q16) and
respiration (Q17), most of the answers were correct (x> = 61.238, p <.001; x> = 34.46, p
<.001 respectively). 79% of the students correctly acknowledged that photosynthesis
takes place during the day (when there is sunlight) and 54% identified that respiration is
a constant process (Table 4). Nevertheless, some students, especially those from the
lower educational stages, answered incorrectly, being noticeable that 25% of first-year
students answered that photosynthesis was a continuous phenomenon and 27% were
under the typical misconception that plants only respire at night.

In the last question about physiology in which a scenario was proposed in order
to analyse the knowledge students had about plant/tree growth and meristems (Q18), the
wrong answer prevailed and was chosen by 60% of the students (x> = 19.81, p <.001)
(Table 4). However, the results showed that the final-years students’ explanations were
scientifically more accurate (x> = 10.031, p = .006); including, in most cases, concepts
such as meristems (e.g. ‘plants grow via meristemic tissues, not from the bottom but by

creating new surface on the tips’), or at least, apical growth (e.g. ‘trees grow from the

tips’).
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On average students did not identify the services plants provide us (PEcoS; Q19)
from an anthropocentric viewpoint as only 4% of the students starting secondary
education and 17% finishing it identified all of the seven services in the questionnaire.
In addition, there were significant differences between educational stages with the
students from the final years being those who were able to recognise more services (H =
8.073, p = .004). With respect to the services, the most identified one was that plants are
oxygen suppliers (95.2%) followed by their use in medicine (74.6%) and nutrition
(66.7%) (> = 45.188, p < .001) (Figure 2; F). However, it is worth highlighting that the
current relevant and vital roles of plants against climate change, soil erosion and

pollution went largely unnoticed by students.

Are Plant Blindness, biodiversity knowledge and educational level related?

With regard to the correlations between the different variables analysed and students’
age and educational level, the aforementioned results were confirmed, as BioC, BiolC,
BioKP, PPhyK and PEcoS positively correlated with both variables (Figure 4).

As far as the correlations between the remaining analysed variables are
concerned (all significant at p <.01), the results exhibited evidence of PB being a
multifaceted phenomenon which is related to biodiversity conceptualisation too (Figure
4). Primarily, when analysing students’ comprehension regarding biodiversity (BioC), a
strong positive correlation between the level of conceptualisation of biodiversity and the
understanding of its importance (BioIC) was discerned. Relationships between the
comprehension of the biodiversity concept (BioC) and various aspects of PB were also
detected, since the knowledge about plant physiology (PPhyK) and the number of
services identified (PEcoS) correlated positively with the conceptual level of the

definition.
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Similarly, moderate positive correlations were found between some of the
Likert-type answers and different variables relating to biodiversity knowledge and PB.
In particular, students’ self-estimated knowledge (BioKP) correlated with the
conceptualisation level of the definition of biodiversity (BioC), knowledge about plant
physiology (PPhyK), the awareness of the importance of biodiversity (BiolC), the
number of plants listed (PSpL), the sightings of common plant species (PSigh), and the
number of plant-provided ecosystem services identified (PEcoS) among others.

Furthermore, correlations between different dimensions of PB were detected.
Thus, facets such as the performance in the plant identification task (P1dS) had
moderate positive correlations with the number of plant services identified (PEcoS), the
number of plants listed (PSpL), and the number of sightings of native species in their
natural environment (PSigh). In fact, this last relation indicates that students who had
higher identification skills or better knowledge of common plant names were
presumably also more in the habit of noticing plants or had a more trained eye when it
came to differentiating between them. Likewise, the number of plants named in the list
(PSpL) had moderate positive correlations with the number of ecosystem services
identified (PEcoS), the performance in the questions about plant physiology (PPhyK),
and the number of sightings of common plant species (PSigh). Moreover, although
weak, a positive correlation was noticed between the number of plants and animals
listed (ASpL) showing that the students who were capable of naming more animals

were better at listing plants too.

Discussion

The conclusions drawn from the analysis of the questionnaire revealed that, despite the

conceptualisation of biodiversity and comprehension of plant biology topics increased
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during secondary education, most of the students in this research experience PB at least
to some extent. Additionally, the correlation results among the studied variables also
highlighted that PB is a multifaceted phenomenon which is related to biodiversity
conceptualisation. Thus, it is evident that the expected curricular learning outcomes of
acquiring scientific knowledge about the functioning of ecosystems and the organisms
in them described in Table 2 (Decree 236/2015, 22" December) has not been totally
met by the end of secondary education. This is doubly worrisome because several
students from the sample were finishing or had already finished their compulsory
education, which means that some of them will not continue to study biology and will
face the future challenges of life with scant knowledge about these issues key to take
informed decisions (Krosnick, Baker and Moore 2018).

This way, PB was present in several of the studied variables. For example, and
in accordance with previous works (Kinchin 1999; Wandersee 1986), not only did
secondary school students from the current study show more interest in animals, but
they also neglected plants in most cases.

Relatedly, despite plants being widespread and seen every day, the lists of
animals were larger and more diverse than those of plants, indicating a poorer
knowledge of the latter. Even so, the most named animals on the lists were mammals as
observed in other works (Yli-Panula and Matikainen 2014); and these were mainly pets
and farm animals along with dangerous and charismatic exotic ones. Indeed, even if
plants are usually neglected and animals are more present on students’ everyday lives
(e.g. pictures, information, etc.) (Serpell 1999), the greater part of this information is
about animals from which humans benefit, such as livestock (Patrick and Tunnicliffe
2011), and with regard to wild animals, the information that predominates in media

(Ballouard, Brischoux and Bonnet 2011), textbooks (Celis-Diez et al. 2016) and zoos
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and museums (Hancocks 2007) is about allochthonous species. Consequently, not only
can it be concluded that the animals that appear in the main information sources of the
students we recorded in this study are, for the most part, exotic or domestic, but also, as
our connection to nature data suggest, it can be assumed that the contact students
experience with these animals is mainly virtual, causing a disconnection from their
immediate biological environment (Campos et al. 2012).

Besides, from among all the plant species mentioned, most were edible or
decorative, and many exotic (e.g. Bermudez, Diaz and De Longhi 2017). So, the plants
that, a priori, had no direct benefit for humans were named in small numbers; a
previously reported phenomenon consisting of classifying species by their functionality
and showing more interest towards species that are somehow useful or aesthetic (Grace
and Ratcliffe 2002; Kellert 1993).

In a similar vein, and as another facet of PB, the common and abundant local
plant species followed the same tendency witnessed above resulting broadly unknown.
In accordance with its wide distribution throughout the study area (i.e. the Basque
Country), the most identified species was the exotic insignis pine, and aside from the
native chestnut, the rest of the native species remained largely unidentified. Thus, the
phenomenon described in other countries concerning students being unable to identify
native plant species was found here too (Bebbington 2005; Diez et al. 2018; Kaasinen
2019; Palmberg et al. 2015).

Additionally, it is worth noting that both the plant listing and plant species
identification indicated that students’ knowledge regarding plants, and native species in
particular, was scant. Lindemann-Matthies (2005) states that children have the ability to
learn and remember the names of species if they find them interesting and have direct

experiences with them. Hence, a plausible explanation for this widespread ignorance of
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native plant names might be the lack of opportunities to learn them as a result of the
recorded scarce contact with nature and the consequent aforementioned extinction of
experience (Soga and Gaston 2016). A further example of this is the fact that the two
most listed native wild species (oak and daisy); as well as the four most identified local
plant species (pine, chestnut, holly and oak) are plant species of high cultural value and
wide distribution (in the Basque Country), characteristics which guarantee opportunities
to learn their names. Hence, these findings, in agreement with Kaasinen (2019) and
Nyberg, Brkovic and Sanders (2019), demonstrate that students identify plant species
better if they have experienced direct contact and created memories with them, with it
also being essential that someone points them out and teaches their name. Indeed, in
spite of the poor performance in this task, students did not present much trouble at
recognising the species as it can be inferred by the answers about sightings, which
reinforces the previous statement that the main impediment to species identification
literacy is the lack of instruction and experiences with them.

PB was also discerned in the questions on plant physiology because, although
they presented the most noticeable knowledge progression between educational stages
probably thanks to the prominence of these contents in education curriculums including
the Basque as described in the Methods section (e.g. Amprazis and Papadopoulou
2018), students held common and thoroughly documented misconceptions at every
academic level (Wynn et al. 2017). The vast majority of the students presented the
common alternative scientific model in which plants gain biomass via root absorption
instead of through atmospheric CO: fixation (e.g. Barman et al. 2006; Barrutia and Diez
2019; Métioui, Matoussi and Trudel, 2015; Thorn et al. 2016; Wandersee 1983). Thus,
this observation reveals deficiencies in both plant nutrition comprehension and

understanding of the photosynthetic reaction itself which is usually classified as
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complex and troublesome to learn due to its abstractness and dissimilarity to the more
familiar animal nutrition (Marmaroti and Galanopoulou 2006; Stavy, Eisen and Yaakobi
1987).

Similarly, the students that thought of photosynthesis as a constant process
presumably held the mistaken conception by which photosynthesis is understood as the
respiration of plants (Amir and Tamir 1994; Haslam and Treagust 1987); and the
extended belief that respiration takes place at night when there is no light for
photosynthesis to happen was also present (Kose 2008). Clearly, these two examples
show the difficulties students face in understanding the coexistence of both processes
that exchange the same gases and the importance of a holistic understanding of plant
nutrition, because it can be assumed that the better comprehension presented by final-
years students was thanks to a more complete ecological and biochemical understanding
of the whole process (Barrutia and Diez 2019).

Regarding plant growth, it was inferred that students, and particularly those in
lower educational stages, did not fully understand how the growth of plants is apical due
to the specialised growth tissues such as meristems. However, this knowledge could be
useful in everyday life, for example regarding how to properly prune plants, in order to
achieve sustainable practices and healthier urban environments (Badrulhishama and
Othmanb 2016), which also contribute to climate mitigation strategies (Parsa et al.
2019).

Finally, with respect to the services that plants provide humans, it is noticeable
how few students identified them all. Even if, last year students in general identified
more ecosystem services showing a more holistic and dynamic comprehension of
plants’ biology as expected by the curriculum specifications above reviewed, it seems

clear that the school curriculums of different countries do not pay enough attention to
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the importance of plants and natural ecosystems and the services they provide
(Amprazis and Papadopoulou 2018; Batke et al. 2020). Students, generally speaking,
are aware that plants are important but, in the same way that they are not able to explain
the importance of biodiversity, neither can they justify the relevance of plants
(Amprazis, Papadopoulou and Malandrakis 2019). Furthermore, it is worth noting that
students identified the most direct anthropocentric services, also known as provisioning
services (e.g. Oz, food...), but the roles plants can play in mitigating three of the most
worrying current environmental issues (i.e. climate change, soil erosion and pollution)
were unknown by around half of the students, who exposed the previously mentioned
utilitarian view (Grace and Ratcliffe 2002; Small, Munday and Durance 2017; Suérez
and Gutiérrez 2017).

Comparably, this utilitarian or anthropocentric viewpoint was also detected in
students’ conceptualisation regarding biodiversity. As a matter of fact, although
biodiversity is common curricular content in both primary and secondary education
(Decree 236/2015, 22" December), conceptions of biodiversity and students’
biodiversity knowledge self-perception were quite limited, particularly in the first year
of secondary school. As elucidated by the phenomenographic analysis, the conceptual
understanding of the term was, as expected by the curricular learning outcomes,
progressively acquired throughout the academic lives of the students from a more
simple and aseptic understanding to a more complex and integral in the final years.
However, even at the end of secondary school only a reduced group of students reached
the required complex understanding of the term biodiversity and its different elements.
Previous research has stated that laypeople and students identify diversity as the
fundamental component of biodiversity (Bermudez and Lindemann-Mathies 2018;

Buijs et al. 2008; Fiebelkorn and Menzel 2013). Despite that, our investigation found
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that although a third of the students explicitly mentioned diversity, a considerable
number of students had a biophysical quantitative conception of biodiversity, this
meaning they perceived biodiversity as a physical phenomenon (the biota of a place or
the place itself) rather than an abstract one (the diversity of these elements). Similar
results were recorded by Kilinc et al. (2013) who attributed their findings to the fact that
biodiversity related content is mostly taught along with other ecological concepts such
as biota, habitat and taxonomy. Additionally, it is worth noting that even though the
curriculum proposes its acquisition for the final years of secondary education, as Levé
et al. (2019) and Pérez-Lopez et al. (2020) report, most students hold static conceptions
about nature and biodiversity with the dynamic nature of it being virtually absent in this
study too, which can be a problem when attempting to gain an understanding of the
value of its conservation.

Similarly, when asked about the importance of biodiversity, although every
student identified it as important, the first-year students’ justifications were superficial
and limited; and even if the final years students’ explanations were more elaborated and
detailed as expected based on the education curriculum specifications, only one third of
them attained the highest level of conceptual understanding being able to explain the
complex interdependence between different elements of natural systems. Moreover,
almost half of the students held the aforementioned anthropocentric conceptions of the
importance of biodiversity, which has several connotations. First, this implies humans
are not part of the biodiversity (Sharma and Buxton 2018), and second, particularly
among the students with the utilitarian view, biodiversity is understood as being
important only due to it directly affecting human wellbeing, which is closely linked to
the modern western worldview (Fletcher 2017). Therefore, though it is present, the lack

of sufficient ecocentric reasoning among students is evident, an issue that should be
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addressed in education because, as previous studies have agreed, individuals who hold
ecocentric values are more prone to develop pro-environmental attitudes than those with
anthropocentric and egocentric values (Quinn, Castéra and Clément 2015; Steg and
Vlek 2009; Washington et al. 2017).

Altogether, considering and accepting the limits of our reduced sample size,
since the phenomenon arose in various positively interrelated dimensions, the
multifaceted nature of PB was confirmed in our study which, as far as we know, is the
first implementing such multidimensional approach. For instance, the students who
listed more plants were also able to identify more native plant species, the ones who had
a higher conceptual knowledge of the term biodiversity understood its importance better
and were able to identify more of the ecosystem services provided by plants; and the
students who performed better in the questions about plant physiology revealed a better
comprehension of the importance of both plants and biodiversity.

Therefore, these results suggest that PB has multiple branches which are not
only related to plant topics sensu stricto, but also include biodiversity conceptualisation;
and for that reason, the alphabetisation on these topics should be as interrelated and
holistic as possible. Indeed, the results imply that plant literacy is a predictor of more
complex biodiversity conceptualisation. Thus, in order to fully grasp biodiversity, a
minimum level of knowledge regarding plants is required given they are a major
component of biodiversity and backbone of life on Earth (Amprazis and Papadopoulou,
2018). Not only that, but also several studies underline that when knowledge about
plants increases, their appreciation also rises (Lindemann-Matthies 2005); and the same
thing has been observed when analysing the relationship between biodiversity
knowledge and the attitudes towards it (Lindemann-Matthies, Junge and Matthies 2010;

Moss, Jensen and Gusset 2016; Otto and Pensini 2017; Pitman, Daniels and Sutton

25



10

11

12

13

14

15

16

17

18

19

20

21

22

23

2017). Hence, these two interrelated knowledges seem to be promising triggers for

attitudinal changes.

Educational implications

Considering plant literacy is an essential part of biodiversity education and appreciation,
all these findings make evident the compelling urge to address and approach both the
PB and the knowledge gap concerning biodiversity during compulsory education.

In the first place, acquiring a correct understanding of the biodiversity concept
can be helpful not only to improve the understanding of ecological concepts, but also to
foster an interest in nature (Lindemann-Matthies and Bose 2008; Magntorn and Helldén
2005; Yiicel and Ozkan 2015). To this end, and as an effective way of enhancing
knowledge of biodiversity and promoting sustainability, Palmberg et al. (2017) reported
the efficiency of systems thinking, which can also be useful to prevent PB via activities
that highlight the vital role plants play in most of the ecosystems. Furthermore, Cil
(2016) disclosed that indicating the importance of plants and the services they provide
generates more interest in them, as well as, enhancing the understanding of ecological
systems and promoting pro-environmental behaviours (Taylor and Bennett 2016; Torkar
2016). Indeed, given the widespread utilitarian and anthropocentric values prevailing
among the participants of this study, and the many positive relationships detected
between students’ plant provided ecosystem services identification and several other PB
related aspects, it seems reasonable that this approach would augment students’ interest
and knowledge regarding plants and biodiversity. For instance, as a way of engaging
students and optimising their learning process, teaching based on students’ specific

interests regarding certain plants related to human affairs could be effective (Pany et al.
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2019), and this could also be a useful approach with which to work on scientific
argumentation via socio-scientific debates (Cavagnetto 2010; Grace 2009).

Similarly, the learning of identification skills as a key component of biodiversity
literacy can help students get to know and appreciate native plant species (Selvi and
Celepcikay Islam 2021), increase their comprehension of biodiversity and systems
ecology (Magntorn and Helldén 2007; Randler 2008), and promote sustainable and
naturalist behaviours (Palmberg et al. 2017). Many research papers have highlighted the
importance that direct and hands-on interactions with nature can have in both the
process of learning about biodiversity and overcoming PB, as well as in the
development of conservationist behaviours (Beery and Jorgensen 2016; Krosnick,
Baker and Moore 2018; Randler and Bogner 2006; Soga and Gaston 2016). Thus, in
these current times in which biodiversity education and outdoor activities are more
necessary than ever, and bearing in mind that based on our findings the mere contact
with nature does not seem to improve students’ attitudes, interest and knowledge, the
use of didactically well planned contextualising field trips as a way of working on the
identification skills that are essential in biodiversity education (Fan¢ovicovéa and Prokop
2011; Jeronen, Palmberg and Yli-Panula 2016; Palmberg et al. 2019; Skarstein and
Skarstein 2020) and the use of the everyday environment (Frisch, Unwin and Saunders
2010), while taking advantage of the aforementioned utilitarian viewpoint (Pany and
Heidinger 2017) should all be contemplated as these are acknowledged as being both
motivating for students and successful in combating PB.

All things considered, taking into account the current critical situation regarding
environmental issues in which, even though 21% of the world’s plant species are
endangered (Brummitt et al. 2015), plants are still neglected in the broader biodiversity

and sustainability debate (Sharrock and Jackson 2017); it is essential that students
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become literate in these topics not only in order to acquire knowledge, but also to
become aware of the importance of these subjects and to act consequently towards a
sustainable future. In fact, preventing PB can have implications such as enhancing
students’ interest in plants, increasing the understanding of the natural systems and
fostering the development of conservationist and sustainable behaviours (Amprazis and
Papadopoulou 2020). However, as Kissi and Dreesman (2017) expose, PB is not a
phenomenon to be treated through a single educational intervention. Hence, given that it
is a deep-rooted phenomenon, a set of systematic specifically designed long-term
activities might be needed, integrated within a proper education curriculum that takes
into account all of the dimension this phenomenon can have (Amprazis and

Papadopoulu 2018).
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Appendix 1

Questionnaire on biodiversity and plant blindness. The section titles and

scope/justification of each question is provided but this information was not given to the

students:

General information (Q1-Q3)

QI-How old are you?

Q2-What is your gender identity?

O Female.
] Male.
[ Non-binary.

Q3-In what educational level are you?

[ Year 8.
[ Year 11.
[ Year 12.

Contact with, information sources and self-perceived knowledge about nature and

biodiversity (04-0Q6)

Q4-How often do you visit natural environments (e.g. trips to mountains, rivers,

lakes...)?

L] Very rarely (< than 5 times a year).

L1 Rarely (around 5-7 times a year).

1 Occasionally (around 8-10 times a year.
L1 Frequently (1-2 times a month).

O] Very frequently (> once a week).

*Scope/justification of the question: Estimation of the students’ contact with nature.

Q5-What would you say is your knowledge about the concept “biodiversity”?

[ I have never heard of it.
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01 I do not fully understand it but I have heard it.

LI I know something.

U I know and comprehend it pretty well.

LI I fully understand it and I would be able to explain it to a friend.

*Scope/justification of the question: Analysis of students’ self-perceived knowledge
regarding biodiversity.

Q6-What are your main information sources regarding nature and biodiversity? (Choose

the three most important from this list)

L1 School.

LI Family.

L1 Media.

[ Zoos, museums, aquariums. ..

L1 Natural environments (mountains, natural parks...).

[0 Everyday environment (parks in my city/town, streets, gardens...).
L] Classmates.

I Other:

*Scope/justification of the question: Analysis of students’ main information sources
regarding nature to observe their perception regarding the importance of different
cultural agents as well as direct and indirect experiences with nature.

Q6.1-If you chose school, which information source is the most important

among these?

O Teachers.

[ Textbooks.

L1 Field trips.

[ Classroom activities.
O Other:

Q6.2-If you chose media, which information source is the most important

among these?

LTV.

] Radio.

L1 Newspapers.

LI Specialised magazines and journals (about animals, nature...).
U The Internet.

L1 Social media (Instagram, Twitter...).

L1 Other:
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Interest in biodiversity and plants and animals (Q7-08)

Q7-How would you define your interest in nature and biodiversity related topics?

LI Very low.
O Low.
[ Moderate.
O High.
O] Very high.

*Scope/justification of the question: Assessment of students’ interest in nature and
biodiversity.

Q8-Do you have interest in the plants and/or animals of the Basque Country?

] Animals.

L] Plants.

] Animal and Plants.

L1 Neither plants nor animals.

*Scope/justification of the question: Analysis of students” preferences towards native
plants and/or animals.

Knowledge about biodiversity and its importance (Q9-Q10)

Q9-Define in your own words what biodiversity is.

Q10-Do you think it is important? Try to justify why biodiversity is important.

*Scope/justification of the question: Assessment of students’ conceptual knowledge
regarding the term biodiversity and its importance.

Species listing, sighting and identification skills (Q11-Q13)

QI1-List 10 animals and 10 plants of your choice in any language.
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*Scope/justification of the question: Analysis of students’ species listing ability,
including the taxonomy, origin, biome, domesticity, etc. of the species listed as well as
comparison between animal versus plant listing abilities.

QI12-Name the species shown in the photos (1-10).

*Scope/justification of the question: Assessment of common local plant species’

identification skills and knowledge of native species.
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Q13-Have you ever seen any of these in their natural environment? List the ones you

have seen.

*Scope/justification of the question: Analysis of students’ ability to recall and recognise
local plant species even if they are not able to name it.

Knowledge about plant physiology and ecosystem services provided (Q14-Q17)

Q14-What is the source of plants’ biomass?

L1 Soil.
[J Atmosphere.

Explain your answer:

*Scope/justification of the question: Assessment of students’ knowledge of plant
nutrition due to the importance that comprehending plants’ biomass comes from the
inorganic COz in the atmosphere has in the correct conceptualisation of plant nutrition
and photosynthesis.

Q15-Complete the sentence: In order to grow plants need the ........ they absorb from the

soil, the ....... they get from the atmosphere, and the ...... which they synthesise.

[ Minerals and water / Oz and CO2 / food.
U Food and water / CO2 / Ox.

[J Water / COz / food and Oo.

[ Minerals / Oz / food.

*Scope/justification of the question: Assessment of students’ knowledge of plant
nutrition and their conceptions on the role that soil has in plant nutrition particularly.

Q16-When does photosynthesis take place?

L1 At night.

[ In the day.
L1 Constantly.
O] Never.

*Scope/justification of the question: Analysis of students’ knowledge of C3
photosynthesis as expected from the curricular learning outcomes.
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Q17-When does respiration take place?

L1 At night.

L1 In the day.
I Constantly.
L] Never.

*Scope/justification of the question: Analysis of students’ knowledge of C3 plants
respiration as expected from the curricular learning outcomes.

Q18- At what height will a nail be if it was nailed at 1 m when the tree was young (2 m

high) and the tree now is 20 m?

19 m.
O1m.
20 m.

Explain your answer:

*Scope/justification of the question: Analysis of students’ knowledge of plant growth
and their conceptualisation of how plant tissues divide and grow.

Q19-Which of these functions can plants carry out from an anthropocentric point of
view?

[J They can supply oxygen.

L] They can prevent soil erosion.

[J They can be used as fuel to make energy.

LI They can be used in medicine and pharmacology.
L] They can mitigate climate change.

[ They can serve as food.

L1 They can reduce pollution.

*Scope/justification of the question: Assessment of students’ ability to identify plant-
provided ecosystems services and, consequently, the importance of plants.
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Appendix 2

Regarding the conceptions of the term biodiversity (BioC), leaving aside the D category
in which students explicitly answered that the term was unknown to them or left it
unanswered, in the first and simplest conception (C) students considered biodiversity to
be a study subject (‘it is kind of a science that studies plants and animals’) or a form of
knowledge (‘it is the classification of plants and animals’) related to biological
elements.

The next conceptions (B-A), however, were qualitatively different since
biodiversity is understood as a biophysical entity. The B2 and B1 conceptions
encapsulate a view of biodiversity in which the phenomenon is comprehended as a
biophysical quantitative element. This way, the differences between the less informed
conception (B2) and the more accurate one (B1) is that students with the B2
conceptualisation described biodiversity as a physical ‘place in which plants and
animals live’ or ‘an environment formed by the living and non-living organisms’, while
the B1 conception focuses on the biological elements. Hence, conception B1
understands biodiversity as a group of biological elements (e.g. plants, animals, living
organisms...) with definitions such as ‘all the living organisms living on Earth’ and ‘the
plants and animals living on a place’.

Finally, the most informed group of conceptions (A) depicted the view of an
abstract or qualitative concept of the term biodiversity. The simpler conception of the
two (A2) describes biodiversity as the variety of living things explicitly mentioning the
‘variability’, ‘differences’ and ‘diversity’ of species and living organisms (e.g. ‘the
variability of life in an ecosystem’, ‘the diversity or group of different species in the
world’...). Besides, the most complex conception (A1) also includes other elements

such as ‘the genetic differences’ and ‘the different ecosystems’ along with the
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aforementioned diversity of living organisms, thereby presenting a wider and more
global understanding of biodiversity.

Similarly, with regard to the importance of biodiversity (BiolC) without taking
into account the D category in which students did not know how to justify this
importance, the first conception (C) encompasses a view in which the diversity of
biological elements is intrinsically good for nature without any further explanation (e.g.
‘it is important to have different animals’ and ‘it is good to have many species of
animals and many animals’).

The next group of conceptions (B) are aligned to the belief that biodiversity is
important for the mere reason of it influencing and directly affecting humankind, which
shows an anthropocentric viewpoint. The B2 conception differs from the B1 because,
even though both hold anthropocentric values, the less informed one (B2) encompasses
an inherent wellness similar to the one explained in the previous category with the
difference that this explicitly mentions that there is a human-nature interaction in which
humans should protect biodiversity since ‘we live here’ and ‘it is our obligation to take
care of the different plants and animals because they are indispensable’. The B1
conception, instead, justifies the importance of biodiversity by appealing to the direct
relationship and interdependence between humans and all other living things. Thus,
biodiversity is understood as being important because the survival of humankind
depends on it (‘it is the source of everything we have: medicine, food’ and ‘we live
thanks to it’), it provides us goods and services (‘animals give us pillows and plants
oxygen’), or at least it is useful for purposes that benefit humans (‘biodiversity allows
us to understand our planet and use it appropriately”).

Finally, the most informed conception is embraced in A. This conception

broadens the previously mentioned interdependence between humans and nature to the

49



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

interactions between all the different elements of living systems. Thus, it presents a
systemic or holistic viewpoint by which the correct functioning of natural systems is
affected and dependent on biodiversity and the complex relationships between its
different elements. Some examples of statements categorised in this conception are ‘it is
important because every species influences the ecosystem’ and ‘each animal, plant,

bacteria... carries out some function’.
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1  Tables and table captions

2 Table 1. Characteristics of the studied sample and school curriculum specifications

3 regarding biodiversity and plant biology in compulsory education (Decree 236/2015,
4 22" December) and baccalaureate (Decree 127/2016, 6™ September).

Specific contents

Learning outcomes

First year
of
secondary
education
(FirstSE)

Biodiversity on planet
Earth: Life
functions (e.g.
plant nutrition),
classification of
living organisms
and biodiversity

Explains the autotrophic
nutrition in detail.

Identifies the main
species of the Basque
Country.

Realises of what
biodiversity is and
how important is its
conservation.

Final years
of
secondary
education
(FinalSE)

Origin of life and
evolution

Ecology and
environment:
Ecosystem
structure and
dynamics

Living organisms and
their organisation

Biodiversity:
Classification of
the main groups
and diversity

Plants: Functions and
environmental
adaptations

Realises how important
biodiversity is for
ecosystem
functioning.

Understands the flow of
matter and energy in
ecosystems (e.g. the
importance of plants
as primary producers).

Recognises plants as
complex systems
understanding their
morphology,
physiology and their
importance in
ecosystems in detail.

Interprets the concept of
biodiversity and
justifies its importance
for the stability of the
biosphere.

10

11
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1
2

Table 2. Content of the questionnaire items, type of question and bibliographic

reference.
Number  Description Type Reference (*modified from)
General information (Q1-Q3)
Q1 Age Open-ended -
Q2 Gender (G) Single choice -
Q3 Educational level (EL) Single choice -
Contact with, information sources and self-perceived knowledge about nature and biodiversity (Q4-Q6)
Q4 Contact with nature (CN) Likert England marketing 2009%*; Soga
and Gaston 2016*
Q5 Biodiversity knowledge self- Likert Dor-Haim, Amir and Dodick
perception (BioKP) 2011
Q6 Information sources regarding Multiple choice Palmberg et al. 2015

nature and biodiversity (InfS)

Interest in biodiversity and plants and animals (Q7-Q8)

Q7
Q8

Knowledge
Q9

Q10

Interest in nature and Likert
biodiversity (Biolnt)

Interest in plants and animals Single choice
(PAInt)

about biodiversity and its importance (09-010)
Conception of biodiversity Open-ended
(BioC)

Conception of biodiversity Open-ended

importance (BioIC)

Species listing, sighting and identification skills (Q11-Q13)

Q11
Q12

Q13

Knowledge about plant physiology and ecosystem services provided (Q14-Q17)

Ql4

Q15
Q16

Q17

QI8

Q19

Plant and animal species listing ~ Open-ended

ability (SpL)

Common plant species Open-ended
identification skills (PIdS)

Common plant species Open-ended

sightings in their natural
environment (PSigh)

Biomass source Two-tier (Single choice and
open-ended)

Plant nutrition Single choice

Photosynthesis Single choice

Plant respiration Single choice

Plant growth Two-tier (Single choice and
open-ended)

Plant ecosystem services Multiple choice

(PEcoS)

Palmberg et al. 2015

Palmberg et al. 2015

Garcia 2018; Kilinc et al. 2013

Kilinc et al. 2013*

Diez et al. 2018; Patrick and
Tunnicliffe 2011

Diez et al. 2018*; Kaasinen
2019%*; Palmberg et al. 2015%*
Almeida, Fernandez and
Strecht-Ribeiro 2018*

This study

This study

Marmaroti and Galanopoulou
2006

Marmaroti and Galanopoulou
2006

This study

Dor-Haim, Amir and Dodick
2011*; FanCovi¢ova and
Prokop 2010*

52



1  Table 3. Categories of students’ conceptions of the term biodiversity and its importance

2 unveiled by the phenomenographic analysis.

Category

Definition

Anchor example

Q9-Definition

Al-Biophysical
qualitative complex

A2-Biophysical
qualitative simple
B1-Biophysical

Biodiversity is defined as the
diversity of living things as well
as of other elements such as
genes, species and/or ecosystems.
Biodiversity is acknowledged as
the diversity of living things.
Biodiversity is defined as the

‘In my opinion biodiversity is the
diversity of species and
ecosystems we have on our
planet.’

‘The plant and animal species
diversity of a certain place.’

of quantitative — biological elements (biota) in a ‘The living organisms of a place.’
biodiversity ~ Biological elements physical place.
BioC B2-Biophysical Biodiversity i licitl .
(Bio ), 1.op. s © I.V CISIy 18 €Xp 1 oy . ‘A place where different plants
(Cohen’s quantitative — described as a physical place with . .,
. . . .. and animals live.
Kappa=.9)  Physical place biological elements in it.
Biodiversity is understood as a ‘In my opinion biodiversity is a
C-Epistemic form of knowledge, discipline or ~ form of knowledge about nature
system of classification. (plant, animals...).”
D-No The answer explicitly expresses
that biodiversity is an unknown -
answer/Unknown ..
concept or it is left unanswered.
Biodiversity is described
. 1ocIversity 15 describe a,s . ‘Yes, the waste products of
important because the stability of . . .
different organisms are beneficial
natural systems and consequently .. .
. . to other living organisms.
A-Interdependence life on Earth is dependent on the oy g
. . However, if biodiversity changed
complex relationships and
. .. ecosystems would totally
processes different living )
. . change.
organisms take part in.
Biodiversity is defined as
important because from an “Yes, it is very important. In fact,
Q10- B1-Anthropocentric —  explicitly anthropocentric view it~ we are able to eat, drink, dress
Importance of  Utilitarian allows the humankind to survive and look at landscapes thanks to
biodiversity or it is somehow useful for biodiversity.’
(BiolC) humans.
(Cohen’s Biodiversity is identified as “Yes. every species living on
Kappa=.81) B2-Anthropocentric — important and explicitly » CVELY 'SP g

Preservation

C-Intrinsic

D-No
answer/Unjustified

explained that we have to protect
it because it is our obligation.

Biodiversity is believed to be
inherently good to nature.

The answer does not justify the
importance of biodiversity or it is
left unanswered.

Earth has to be protected as the
planet is not ours.’

“Yes, I find it important. Because
it is very good to have many
animal species and many animals
on Earth.

53



1
2

10

11

12

13

14

15

Table 4. Answers to the questions about plant physiology (PPhyK; Q14-Q18). Correct

answers in bold. Abbreviations as in Figure 1.

Educational level

Question Response FirstSE (%)  FinalSE (%)
Q14-What is the source of plants’ Soil 79 71
biomass? Atmosphere 21 29
Q15-In order to grow plants need the ~ Minerals and water / Q2 and CO: / food 25 66
........ they absorb from the soil, the Food and water / CO2 / O2 43 14
....... they get from the atmosphere, Water / CO2 / food and O2 11 14
and the ...... which they synthesise. Minerals / Oz / food 21 6
At night 7 3
Q16-When does photosynthesis take In the day 68 89
place? Constantly 25 9
Never - -
At night 39 17
Q17-When does respiration take In the day 18 11
place? Constantly 36 69
Never 7 3
Q18-At what height will a nail be ifit 19 m 71 37
was nailed at 1 m when the tree was Im 13 57
young (2 m high) and the tree now is
20 m? 20 m 11 6
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Figure captions

Figure 1. Students’ responses (%) to the Likert-type questions about their contact with
nature (CN; Q4), self-perceived knowledge (BioKP; Q5) and interest in nature and
biodiversity (Biolnt; Q7). Abbreviations: FirstSE, first year of secondary education;

FinalSE, final years of secondary education.

Figure 2. Students’ responses (%) regarding: A) interest in plants and animals (PAlInt;
Q7); B) information sources regarding nature and biodiversity (InfS; Q6); C) taxonomic
groups of the listed animals (Q11); D) listed plants (Q11) according to their origin, most
common use and what they bear; E) correct identifications of the ten most abundant
plant species (PIdS; Q12); and F) services plants provide to humans (Q19; PEcoS).

Abbreviations as in Figure 1.

Figure 3. Categories and frequencies (%) of the main conceptions regarding: A) the
term biodiversity (BioC; Q9); and B) the importance of biodiversity (BiolC; Q10)

unveiled by means of phenomenographic analyses. Abbreviations as in Figure 1.

Figure 4. Matrix showing the Spearman’s coefficient (rs(63)) of only the significant (p
<.01) correlations. Gradient intensity shows higher correlation coefficient values, and

green and grey colours stand for positivity and negativity, respectively.
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