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Plant blindness refers to the tendency of people to overlook and undervalue Received 28 April 2023
plants in their environment, which can have negative consequences for both Accepted 28 August 2023
the environment and human well-being. As pre-service teachers play a key KEYWORDS

role in shaping the environmental attitudes and knowledge of future genera- Plant blindness; teacher
tions, it is important to assess their level of plant blindness and identify ways to training; sustainability;
overcome it. To assess the plant blindness effect among pre-service teachers biodiversity; botany
several tests have been used, including an endangered animals and plants education

test, an identification test, a memory test, and a blink test. All of the tests

indicate that the plant blindness effect is strong among pre-service teachers.

This article proposes five different topics that can be integrated into teacher

education programs to help future teachers overcome plant blindness, includ-

ing plant identification skills, the ecological and cultural importance of plants,

the use of plants in teaching science and environmental concepts, and the

connection between plant knowledge and sustainable behaviours. By incor-

porating these topics into teacher education programs, they can help future

teachers develop a greater appreciation and understanding of plants, which

can in turn benefit the environment and human well-being.

Introduction
Plants and society

Despite what human beings may think, the importance of plants for the planet, and for humans
themselves, is above the rest of living beings in several aspects; plants are the main factor of
environmental sustainability (Cardinale et al. 2012; Thorogood 2020), they accumulate 80% of
the planet’s biomass (Bar-On, Phillips, and Milo 2018) and play an essential role in mitigating the
effects of climate change, among other things, by regulating the concentration of carbon dioxide
(Ziska, Epstein, and Schlesinger 2009). This fact directly collides with the growing needs of society
in terms of resources and space, needs that are causing most of the environmental problems
(Balding and Williams 2016), mainly the degradation of the plant communities of the planet.

The disconnection between society and nature has been linked to the trend of increasing
urbanisation (Amprazis and Papadopoulou 2018; Fletcher 2017), as well as the general lack of
interest in plants at all levels of society (Tunnicliffe and Ueckert 2007). This lack of appreciation
has also been observed in students, who often view plants as a mere backdrop to animal life
(Amprazis, Papadopoulou, and Malandrakis 2021). Neglecting plants poses a significant obstacle
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to achieving the 17 Sustainable Development Goals (SDGs) (Sharrock and Jackson 2017), as
they play a vital role in many of these goals (Thomas, Ougham, and Sanders 2022). In
particular, plant conservation, which is a focus of the SDGs, is undervalued by society
(Balding and Williams 2016). But not only that, many of the SDGs have targets directly related
to plants and plant diversity, plants as resources, or plants as an essential part of efficiency in
consumption (see Sharrock and Jackson 2017 for the full list of plant related targets of each
SDG). Conservation efforts tend to favour mammals and birds over plants (Havens, Kramer,
and Guerrant 2014; Martin-Lépez et al. 2011), even though plants are the taxonomic group
most at risk of extinction (Mammola et al. 2020). This is also reflected in the results of internet
searches about endangered species listings; currently, the results only return animal species (e.g.
https://www.google.com/). Even the IUCN red list only includes 2 plant groups (conifers and
cycads) in its headline statistics of nine species threatened with extinction (https://www.iucnred
list.org/). This bias may be due in part to societal attitudes towards plants (Balding and
Williams 2016). There is evidence that human perceptions of species and ecosystems have
a direct impact on conservation efforts (Bozniak 1994; Uno 1994; Wandersee and Schussler
2001). However, education and information alone are often insufficient to promote conserva-
tion behaviour (McKenzie-Mohr 2011). This lack of awareness also leads to inadequate govern-
ment funding to address the issue (Cires et al. 2013). Improving understanding of biodiversity,
including among science teachers who are expected to have high levels of scientific literacy
(Kokliikaya, Demirhan, and Besoluk 2014), may be necessary to address this issue.

This lack of appreciation for plants has been referred to as ‘plant blindness’ (Wandersee and
Schussler 2001), which is defined as the inability to recognise the importance of plants in the
biosphere and in human affairs, a failure to appreciate the aesthetic and unique biological features
of plant life, and a misguided hierarchy that values animals over plants, leading to the erroneous
belief that they are unworthy of consideration (Wandersee and Schussler 2001). While the term
‘plant blindness’ has been criticised as disenfranchising, exclusionary, and ableist (McDonough
MacKenzie et al. 2019; Zani and Low 2022), and alternative terms such as ‘plant awareness disparity’
(Parsley 2020) and ‘biodiversity naivety’ (Niemiller, Davis, and Niemiller 2021) have been pro-
posed, all of these terms describe a similar phenomenon: humans have a relatively limited aware-
ness of plants (Amprazis and Papadopoulou 2020). This may be due in part to the general
colouration of plants and to the fact that their movement is much slower, much faster or just
different than that of most animals (Sanders 2019), which for some people suggests that they are
inanimate beings, perceiving plants as boring or less interesting than animals (Lindemann-Matthies
2005; Schussler and Olzak 2008). Research has also indicated that the evolutionary history of
predator-prey relationships in ancient environments may have influenced humans to have
a greater response to animals as opposed to plants (New, Cosmides, and Tooby 2007).

Plant blindness and education

Alternative perceptions about plants develop at an early age and are difficult to change (Opfer and
Siegler 2004; Wynn et al. 2017). Although education should provide solutions to the problem of
‘plant blindness’, it seems that in most cases, education itself is the main obstacle in mitigating this
effect (Thomas, Ougham, and Sanders 2022). Early educational experiences that provide equal
exposure to both plant and animal groups are crucial in countering the plant blindness effect and
encouraging future generations to pursue careers in science, particularly botany (Jose, Wu, and
Kamoun 2019). The complexity and relevance of plants to the environment and society are often
underestimated in STEM subjects (Science, Technology, Engineering, and Mathematics; Colon
et al. 2020). In addition, on certain occasions a disconnection between teachers and students is
detected in the teaching experiences of experimental sciences, even between the students and the
educational experience itself (Uno 2009). Education, both in the formal and informal context, can
play an important role in this matter (Pedrera et al. 2021; Sanders 2007).
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In general, biology classes and biology teachers have been defined as ‘zoochauvinistic’ (Bozniak
1994; Hershey 2005; Uno 1994). If teachers receive little botanical training, the inevitable result is
that they end up not teaching botany to their own students (Gatt et al. 2007). It has been detected
that the presence of a mentor in the field of botany, such as a teacher or tutor who teaches
observing, planting, cultivating, and generally caring for plants, is the main factor reducing the
effect of plant blindness and improving awareness in relation to conservation and sustainability
(Gatt et al. 2007; Wandersee, Clary, and Guzman 2006).

Despite the fact that teachers plan their teaching individually, they must still adhere to the given
conditions in the curriculum. This means that the curriculum must include the basic content to be
worked on, and a deficient curriculum will inevitably affect the development of students (Ellis 2004).
Regarding the issue of plant blindness, ignoring plants when designing a curriculum means overlooking
the group of living beings that can most influence the sustainability of the planet. Several studies have
confirmed that teachers face serious problems when trying to give more weight to plants due to the
curriculum’s lack of representation and coverage (Amprazis and Papadopoulou 2018); some authors
also indicate that in general plants are often portrayed and treated less appealingly compared to animals
(Sanders and Jenkins 2018), and although in other cases the curriculum appears to be balanced in this
topic, as in the case of the Spanish educational system, in which the treatment of animals and plants
appears to be equitable in all curricula at all educational levels [see Marcos-Walias et al. (2023) for a full
list of the Spanish curriculum content on this topic], this does not solve the underlying problem.

The use of digital resources is growing in use among the teachers of all levels, but textbooks
remain the most commonly used tool for science teachers (Fukkink 2010). Textbooks reflect the
perception that animals are more important than plants, and therefore, that it is more important to
know subjects related to animals than subjects related to plants (Bozniak 1994; Hershey 1996, 2002).
In general, elementary school science textbooks include more images of, and diversity about,
animals than plants; in the amount of text and examples dedicated to each group textbooks are
discriminatory against plants (Link-Pérez et al. 2010; Schussler et al. 2010). This has not only been
detected in the number of photographs dedicated to each group, but animal photographs in
textbooks were also labelled three times more than plant photographs (Link-Pérez et al. 2010). If
animal species receive more attention than plant species in a resource as widely used as textbooks, it
is inevitable that it will facilitate the concept of ‘plant blindness’ (Uno 2009).

Detecting plant blindness

Several studies have shown that humans prefer, detect, and remember animals better than plants
(Balding and Williams 2016; Diez et al. 2018; Marcos-Walias et al. 2023; Patrick and Tunnicliffe 2011;
among others) with few exceptions (e.g. Nyberg, Brkovic, and Sanders 2021). As examples of different
studies, Baird et al., (1984) and Wandersee (1986) conducted surveys among secondary school students
in the United States and found a clear preference for zoology over botany; Kinchin (1999) tested the
preferences of UK students for plant and animal specimens in the classroom and found a strong
preference for animals over plants; In a memory task (Zani and Low 2022), university students were
shown a sequence of images showing either a plant or an animal, after a period of time, the participants
remembered the images of plants less well than the images of animals, even when all elements were
familiar; Balas et al. (2014) detected that people were better at detecting animals than plants through the
use of rapid succession of images (attentional blink); Schussler and Olzak (2008) conducted a study on
the ability to recall images of animals and plants among psychology and botany students at a university
in the United States, the participants rating the images according to their affinity towards them; recall
was tested after a distraction task, showing that, regardless of the students’ major, animal images were
significantly better recalled than plant images. In general, the authors concluded that the tendency to
overlook plants may be deeply ingrained in the subconscious such that the general human being does
not recognise plants as living beings that deserve attention, even when they are visually predominant in
the displayed image.
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Regarding the importance of teachers to overcoming the Plant Blindness effect in society, the
main objective of this research is to evaluate the plant blindness effect over pre-service teachers of
the three levels of teacher education in the Spanish university system.

Material and methods
Study design

In order to address the different facets that can influence the Plant Blindness effect, four different tests
were designed. First, to evaluate the basic knowledge of the participants regarding endangered animal
and plant species (endangered species test), participants were asked to make a list of all the animals
and plants considered under some protection figure (UICN 2012) that they knew, both common
names and scientific names were accepted. Second, to assess the ability to recognise nearby species
(recognition test) and following the method of previous research (Hooykaas et al. 2019; Kaasinen
2019; Wolft and Skarstein 2020), participants were shown 15 photographs of animals and 15 of plants
and they were asked to write down their names. The selection of the animals and plants to be shown
followed the criteria of Marcos-Walias et al. (2023) and Marcos-Walias et al. (2020) with slight
variations, the species chosen were the following: crow (Corvus corax), Iberian wolf (Canis lupus
signatus), seal (Monachus monachus), owl (Tyto alba), Iberian lynx (Lynx pardinus), western caper-
caillie (Tetrao urogallus), lizard (Podarcis hispanicus), ant (Lasius niger), salamander (Salamandra
salamandra), bear (Ursus arctos), bearded vulture (Gypaetus barbatus), scolopendra (Scolopendra
cingulata), stork (Ciconia ciconia), bat (Pipistrellus pipistrellus) and sperm whale (Physeter macro-
cephalus) as animals, and pine (Pinus pinea), holly (Ilex aquifolium), oak (Quercus pyrenaica), wild
rose (Rosa canina), holm oak (Quercus ilex subsp. ballota), canary dragon tree (Dracaena drago),
orchid (Ophrys tenthredinifera), moss (Briophyta), juniper (Juniperus oxycedrus), blackberry (Rubus
ulmifolius), thistle (Silybum marianum), poplar (Populus alba), fern (Pteridium aquilinum), yew
(Taxus baccata) and fir (Abies alba) as plants. This list was designed following the criteria of general
difficulty and closeness to the participants (Iberian Peninsula and the Canary Islands). The pictures
showed the main characteristics of the species and were presented randomly to avoid order bias (see
example images in Supplementary Figure S1). Third, a memory test was performed, at the end of
the second test all the species were named in order to make sure that all the participants knew them,
the participants then had a 15 min break, after which they were asked to list the 15 animals and the 15
plants showed in the second test. Last, an attentional blink was designed following Zani and Low
(2022); 10 pictures of animals and plants in the same frame were showed to the participants for 0.5
seconds each, the time lapse between photo and photo was 30 seconds, during this time the partici-
pants were asked to briefly describe what they saw. The images showed an animal and a plant in the
same plane, both clearly visible, and placed randomly left and right.

Participants

The study was conducted over a total of 182 participants at the universities of Salamanca and
Valladolid (Spain), to cover the different levels of teacher education. Five different groups from the
last year of each degree were selected, 2 groups of students from the Early Childhood education
(ECE) degree, one from the University of Salamanca (36 participants) and another from the
University of Valladolid (39 participants), two groups of students from the degree of Primary
Education (PE), also one from the university of Salamanca (45 participants) and another from the
university of Valladolid (46 participants) and one group of students from the Master degree of
Secondary Education (SE; 16 participants from the University of Valladolid). All the participants
were informed about the research and data collection was agreed with all of them. The test was
performed anonymously without distorting the scholarly meaning and written consent to use their
answers in this study was also solicited.



JOURNAL OF BIOLOGICAL EDUCATION e 5

Data analysis

The data were analysed using the software SPSS v.26 (IBM Corp., 2019). Descriptive values
were obtained for all the tests (Table 1); values for the full dataset and for the different
university grades were calculated. Values for the tests 2, 3 and 4 were expressed as
a percentage to make the results easy to interpret; for test 2 (Image identification) the value
indicates the percentage of correctly identified images, regarding test 3 (Memory test), the
values indicate the percentage of animals and plants they remembered; for the last test
(Attentional blink), the values indicate the percentage of animals and plants mentioned in
the description of the images. The normality of the data was checked using the one-sample
Kolmogorov-Smirnov test or the Shapiro ~Wilk test (when n < 50), applied to the full dataset
and to the different university grades.

In order to detect significant differences between the results obtained for animals and plants, an
independent samples t-test was performed when data followed a normal distribution. In the cases
that the data follows a non-normal distribution, the Mann-Whitney U test for independent samples
was applied. P-value <0.05 was consider as significant. In our case, the null hypothesis would
indicate a low probability that the distribution/mean of the results of the tests related to animals and
plants were different. The analyses were applied for the complete sample group, for the different
university grades and for the different groups.

Table 1. Descriptive values of the dataset. ECE (Early Education pre-service teachers); PE: (Primary education pre-service teachers);
SE (Secondary education pre-service teachers).

Degrees
Descriptive values Total ECE PE SE
Test 1 (Endngered species test) 1.1 Animals  Average 37 2.9 3.8 6.5
Standard deviation 2.1 1.6 1.8 29
Minimum 0 0 0 2
Maximum 12 7 12 12
1.2 Plants  Average 0.3 0.1 03 13
Standard deviation 0.6 0.4 0.6 1.1
Minimum 0 0 0 0
Maximum 4 2 2 4
Test 2 (Recognition test) 2.1 Animals  Average 9.8 (65%) 9.6 (64.2%) 9.6 (63.9%) 11.4 (76%)
Standard deviation 1.9 1.8 2.0 1.2
Minimum 4 4 4 8
Maximum 14 14 14 13
2.2 Plants  Average 4 (26.8%) 3 (20.3%) 43 (28.9%) 6.9 (45.8%)
Standard deviation 2.5 2.2 2.2 29
Minimum 0 0 0 3
Maximum 12 11 1 12
Test 3 (Memory test) 3.1 Animals  Average 10 (66.8%) 9.9 (66.1%) 10.1 (67.5%) 9.9 (66.2%)
Standard deviation 2.5 2.0 29 1.5
Minimum 3 4 3 8
Maximum 15 14 15 13
3.2 Plants  Average 6.9 (46.2%) 6.7 (44.8%) 7.2 (48.2%) 6.2 (41.3%)
Standard deviation 24 2.5 2.5 1.5
Minimum 0 0 2 3
Maximum 13 12 13 9
Test 4 (Attentional blink) 4.1 Animals  Average 8.4 (83.8%) 8.4 (84%) 8.2 (82.2%) 9.2 (92%)
Standard deviation 1.5 13 1.6 1.4
Minimum 4 5 4 5
Maximum 13 10 13 10
4.2 Plants  Average 43 (43.1%) 5.9 (58.9%) 2.8 (28.1%) 5.5 (55.3%)
Standard deviation 3.2 2.5 3.0 3.0
Minimum 0 0 0 0

Maximum 10 10 10 9
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Results

Regarding the endangered species test, the participants mentioned an average of 3.7 animal
species and an average of 0.3 plant species, giving the different grades, the average number of
animal species the participants mentioned was 2.9 in ECE, 3.8 in PE and 6.5 in SE, and of
plant species the values were, 0.1 for ECE, 0.3 for PE and 1.3 for SE. Considering the full set,
the endangered plants most mentioned were moss (4.4%), carnivorous plant (3.8%), holly
(2.2%), orchid (2.2%) and water lily (1.6%); moreover, another seventeen plant species were
mentioned. Regarding animals, the most mentioned were Iberian lynx (71.4%), panda bear
(40.1%) and polar bear (35.2%), with other animals as koala, tiger, rhinoceros, wolf, whale and
elephant also being mentioned by more than 10% of the participants; in total, 56 different
animals were mentioned (please see Tables S2 and S3 for the full list of animals and plants
mentioned in the endangered species test).

The recognition test for the full dataset provided an average value of 9.8 of 15 (65%) animals and
4.0 of 15 (26.8%) plants correctly identified; average values of 9.6, 9.6 and 11.4 of animals correctly
identified were obtained for ECE, PE and SE respectively. Regarding plant identification, average
values of 3.0, 4.3 and 6.9 were obtained. For the full dataset, the ten most recognised species were
Iberian wolf (96.2%), bear (94.5%), bat (94.5%), Iberian lynx (89.6%), ant (86.3%), stork (85.7%),
seal (85.7%), crow (79.7%), lizard (75.8) and pine (72.0%); some species were recognised by under
the 5% of the participants, yew (2.7%), wild rose (2.2%), canary dragon tree (1.1) and juniper (0.0%).
See Table S4 for the full results for the identification test.

The memory test provided an average value of 10 (66.8%) remembered animals and 6.9
(46.2%) remembered plants; by degrees, values were very similar - between 9.9 and 10.1 for
animals, and between 6.2 and 7.2 for plants. The ten most remembered species were Iberian
lynx (87.0%), pine (84.7%), bear (84.7%), Iberian wolf (84.2%), lizard (78.5%), seal (75.1%),
salamander (71.2%), crow (64.4%), fir (62.1%) and sperm whale (61.6%); nine of the ten least
remembered species were plants (full list with the memory test results can be checked in the
Table S5).

The attentional blink test also returned similar results for animal-recall among the different
degrees (values between 8.2 and 9.2 animals detected), but not for plant-recall (values between 2.8
and 5.9); the average value for the full group was 8.4 (83.8%) for animal recalland 4.3 (43.1%) for
plant recall. Similar values were obtained for the different groups within childhood and primary
education for all tests (Table 1).

The results for the normality test showed non normal distribution in all cases except for
test 3 in the Secondary Education teachers’ dataset (Table 2). Giving this, the Mann-Whitney
U test for independent samples showed significant differences between the responses given for
animals and plants for all degrees and all tests (Table 3). This result was also obtained for the
students t test performed for the Secondary Education teachers’ level in the Test 3.

Table 2. Results of the normality test. ECE (Early Education pre-service teachers); PE: (Primary education pre-service teachers); SE
(Secondary education pre-service teachers).

(Total) Kolmogorov-Smirnov (ECE) Kolmogorov-Smirnov (PE) Kolmogorov-Smirnov (SE) Shapiro-Wilk

Value gl sig. Value gl sig. Value gl sig. Value gl  sig.

Test 1.1 0.182 177 0.000 0.153 73 0.000 0.185 89 0.000 0949 15 0.511
Test 1.2 0.456 177 0.000 0.516 73 0.000 0.472 89 0.000 0.866 15 0.029
Test 2.1 0.154 177 0.000 0.171 73 0.000 0.143 89 0.000 0.845 15 0.015
Test 2.2 0.124 177 0.000 0.177 73 0.000 0.146 89 0.000 0923 15 0217
Test 3.1 0.129 177 0.000 0.174 73 0.000 0.113 89 0.007 0923 15 0.210
Test 3.2 0.104 177 0.000 0.147 73 0.000 0.107 89 0.013 0932 15 0.293
Test 4.1 0.193 177 0.000 0.228 73 0.000 0.164 89 0.000  0.629 15 0.000
Test 4.2 0.132 177 0.000 0.122 73 0.009 0.242 89 0.000 0905 15 0.113
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Table 3. Results of the hypotheses testing. ECE (Early Education pre-service teachers); PE: (Primary education pre-service
teachers); SE (Secondary education pre-service teachers).

Test Null hypothesis Test Sig. Result
Full Test 1 The distribution of values/mean for the test about Mann-Whitney 0.000 Reject the null
dataset animals is the same between categories of U test for hypothesis.
Test 2 values for the test about plants independent 0.000 Reject the null
samples hypothesis.
Test 3 0.000 Reject the null
hypothesis.
Test 4 0.000 Reject the null
hypothesis.
ECE Test 1 The distribution of values for the question about ~ Mann-Whitney 0.000 Reject the null
animals is the same between categories of U test for hypothesis.
Test 2 values for the question about plants independent 0.000 Reject the null
samples hypothesis.
Test 3 0.000 Reject the null
hypothesis.
Test 4 0.000 Reject the null
hypothesis.
PE Test 1 The distribution of values for the question about ~ Mann-Whitney 0.000 Reject the null
animals is the same between categories of U test for hypothesis.
Test 2 values for the question about plants independent 0.000 Reject the null
samples hypothesis.
Test 3 0.000 Reject the null
hypothesis.
Test 4 0.000 Reject the null
hypothesis.
SE Test 1 The distribution of values for the question about ~ Mann-Whitney 0.000 Reject the null
animals is the same between categories of U test for hypothesis.
Test 2 values for the question about plants independent 0.000 Reject the null
samples hypothesis.
Test 3 T-test for 0.000 Reject the null
independent hypothesis.
samples
Test 4 Mann-Whitney 0.000 Reject the null
U test for hypothesis.
independent
samples

Discussion
Pre-service teachers and plant blindness

All the tests performed resulted in the conclusion that pre-service teachers that participated in
this survey are influenced by the plant blindness effect. In terms of recall of endangered animal
and plant species (Table 1), the number of endangered plant species which participants
mentioned was very low, a finding which was signficant considering the number of endangered
animal species. Among the endangered animals mentioned, only three of the ten most men-
tioned were native from the country of the participants (wolf, Iberian lynx and stork), sixteen if
we consider the full list of endangered animals; as already detected (Ballouard et al. 2011;
Lindemann-Matthies 2005; Nates, Campos, and Lindemann-Matthies 2010), students tend to
remember animal species either because they are close to them in the environment or because
they are considered ‘lovable’., but regarding the endangered animals mentioned in this study
this seems to be different; despite being able to consider some of the animals mentioned as
‘lovable’ (panda bear or koala), others can hardly fit into that category, such as rhinoceros, tiger
or Komodo dragon. In most of the cases it seems probable that the publicity that is being given
in the media to the flagship species of the different countries may be playing an essential role.
Only few participants were able to mention endangered plants - the species most mentioned can
also be considered flag or charismatic species (e.g. moss, carnivorous plant, holly and orchid;
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see full list in Table S3); moreover, Kaasinen (2019) suggests that usually people don’t mention
endangered or rare plants which could explain such a low number of plants being mentioned.
The most mentioned endangered plants have characteristics that make them somewhat charis-
matic; for example moss is commonly used to decorate nativity scenes and ‘carnivorous’ plants
attract attention for equating their way of getting nutrients with animals. In the case of flagship
species, most are only mentioned by a single participant, which indicates that they are not
generally known or are not known to be endangered.

Pre-service teachers were also unable to recognise as many plants as animals when photographs
were shown (Table 1). These results corroborate previous investigations in this area. Studies
conducted under comparable circumstances have consistently demonstrated that plants are men-
tioned or identified to a significantly lesser extent (Diez et al. 2018; Marcos-Walias et al. 2023;
Patrick and Tunnicliffe 2011; Pedrera et al. 2021; Skarstein and Skarstein, 2020). This pattern is also
evident in research involving plants and animals from the participants’ surrounding environment
(Balas, Momsen, and Holt 2014; Dallimer et al., 2012; Muratet et al., 2015; Palliwoda et al., 2017;
Schussler and Olzak 2008; Shwartz et al., 2014; Voigt & Wurster, 2015), even when the participants
showed interest in ecology and biodiversity.

This is probably due not only to a lack of knowledge but also to a lack of interest (Kubiatko,
Fancdovi¢ovd, and Prokop 2021; Otto and Pensini 2017). This is reinforced by the fact that the
participants also remembered fewer plants than animals in Test 3, results strengthened by the
attentional blink; again, fewer plants were mentioned in Test 4 than animals. In this case, given the
limitations of what we can attend to regarding all the things we see, we ignore apparently useless
information (Wandersee, Clary, and Guzman 2006), and in this context, useless information usually
correspond with plants and ‘inferior’ animals, with our focus attributed to animals with forward
facing eyes (Smith et al. 2012). Despite the apparent equality in the treatment of animals and plants
in the curriculum of the different levels of the Spanish educational system (Marcos-Walias et al.
2023), the fact that teachers tend to teach what they feel closer to, could result in the inability of the
future teachers to teach equally in relation to animals and plants, spending a great deal of curricular
time teaching the animal kingdom (Uno 1994), not closing the gap between animals and plants, nor
improving the learning of future students regarding biodiversity (Pedrera et al. 2021). Indeed, Uno
(1994, 2009) suggested that the most important cause of plant blindness is education.

Awareness and knowledge are the two first goals of the five goals of Environmental Education
included in the Tbilisi Declaration (UNESCO 1977); these should establish the basis of environ-
mental education and teachers must act as necessary entities in the achievement of these goals
(Frisch, Unwin, and Saunders 2010). Also, as already mentioned, neglecting plants poses
a significant obstacle to achieving many of the specific targets of the 17 Sustainable Development
Goals (SDGs) (Sharrock and Jackson 2017), as they play a vital role in many of these goals (Thomas,
Ougham, and Sanders 2022); in particular but not only, plant conservation, which is a focus of the
SDGs, and is undervalued by society (Balding and Williams 2016).

Surprisingly, similar levels of plant blindness were detected in all levels from childhood educa-
tion to biology baccalaureate level; this is worrying as some of the participants had considerable
biological training. This pattern was already found in the biological community in which experts in
biomedical fields showed a surprisingly limited knowledge of plant biology (Savary et al. 2019); the
lack of enthusiasm of the teachers for the plant kingdom results in students’ tendency to be less
interested in plants (Sjeberg et al. 2010; Strgar 2007). Among other considerations already men-
tioned, this results in the perpetuation of plant blindness.

What to teach the pre-service teachers?

All the results make it possible to clearly affirm that the effect of plant blindness is still widely
present among pre-service teachers and as a result some authors have detected that this will limit
their ability to teach botany themselves (Frisch, Unwin, and Saunders 2010). This is especially
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important as research shows that the interest of students in plants was started by inspirational
teachers (Jose, Wu, and Kamoun 2019). If teachers are not able to teach about botany, learners
won’t overcome plant blindness (Nyberg and Sanders 2014; Uno 2009).

Given this, and considering as discussed, that there are multiple reasons for the plant blindness
effect, we should ask ourselves, ‘How can we overcome the plant blindness effect in future teachers
so they can help to overcome the effect in society?’

Authors have proposed different answers to this question. They can be summarised in five
general points:

(1)

The importance of plants in the ecosystem and their role in supporting life on Earth.
Education about the crucial role of plants in our ecosystem can help raise awareness about
their significance. This can include lessons on how plants produce oxygen, provide food and
habitat for animals, and how they play a role in regulating the Earth’s climate. Some
proposals mention the benefits of the school yard as an effective and cheap resource for
ecology lessons (Brewer 2002), some authors also mention the importance of non-formal
education in this topic (Colli-Silva et al. 2019). The disconnection between plant and
humans, also between educators and plants (Thomas, Ougham, and Sanders 2022), remains
one of the main threats to global sustainability; as some authors emphasise ‘Every living
thing, from the small insects (and we must add through plants) to the largest mammals,
contributes to Earth’s sustainability’ (Amprazis and Papadopoulou 2018, 239) and we should
make sure to convey that idea to both future teachers and students, making them feel they
are part of the ecosystems and responsible for its well-being (Brewer 2002). Linked to this, it
is inevitable that plant blindness emerges as a major problem of understanding the impor-
tance of plants for the biosphere (Uno 2009).

The diversity of plant species and their unique characteristics. Teaching about the diversity
of plants can help individuals appreciate the vast array of shapes, sizes, colours, and
adaptations that exist within the plant kingdom. This can include lessons on different
plant families, unique adaptations, and the fascinating ways that plants have evolved to
survive in different environments. It should be easy, given the possibilities, to banish the idea
that plants are boring (Thorogood 2020). The process of comparing and contrasting plant
structures is a higher-level skill that allows students to form schema and connections
between schema, enhancing their understanding of both scientific concepts and the natural
world (Anderson et al. 2001). Some cross-disciplinary initiatives can exploit this variety of
shapes, sizes, and colours in order to raise awareness about plants (Sneaebjornsdottir, Wilson,
and Sanders 2020); for example, some initiatives focus on artistic work in class, such as the
use of drawing as a means of raising awareness about the plant world (Comeau et al. 2019).
Also, some proposals use games as a potential tool to exploit this topic too (Borsos 2019).
The economic, cultural, and medicinal significance of plants. Emphasising the cultural and
historical significance of plants can increase appreciation and understanding of their value.
This can include lessons on the traditional uses of plants in different cultures, such as for
food, medicine, and spiritual rituals. There are many plants with useful qualities that can be
used to create engaging and interesting learning contexts for botanical content (Batke,
Dallimore, and Bostock 2020; Pany et al. 2014; Sjoberg & Schreiner, 2010). Mayer and
Horn (1993) were among the first to suggest that plants with practical uses for humans could
be of particular interest to students. This idea was supported by the findings of Kriiger and
Burmester (2005), who found that the ‘usefulness of plants’ was the most prominent
category students used to classify plants, followed by the ‘beauty of plants’ (Tunnicliffe
and Reiss 2000). Lindemann-Matthies (2005) also supports the idea that plants with human
uses are more valued by most people. Hammann (2011) found that students were particu-
larly interested in medicinal plants. These findings suggest that medicinal plants and
stimulant herbal drugs could be effective subjects for botany lessons, as they tend to
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maintain high levels of student interest across age groups (Elster 2007), unlike ornamental
plants, which tend to have lower levels of student interest overall but are of high interest to
a smaller group of students.

(4) The methods of identifying and classifying plants. Promoting hands-on experiences with
different plants can help individuals develop a deeper connection and appreciation for these
organisms. Collect, identify and classify plants from nearby environments, using smart
phone apps or field guides are some of the usual proposals in order to connect students
and plants (Frisch, Unwin, and Saunders 2010; Hershey 2005; Kissi and Dreesmann 2017;
Lindemann-Matthies 2005; Randler 2008; Wandersee, Clary, and Guzman 2006), also
generating simple biodiversity guides or determination keys of the nearby environment
(Brewer 2002). Furthermore, as some authors have pointed out, teaching students about the
names of local plants while also educating them about the plants themselves and their
environment is highly effective in overcoming ‘plant blindness’. This could serve as
a starting point for building lessons and placing local biodiversity in a wider context
(Frisch, Unwin, and Saunders 2010).

(5) The threats to plant biodiversity and conservation efforts to protect them. Encouraging
critical thinking about the impact of human activities on plant populations can help
individuals understand the importance of conservation efforts (Margulies et al. 2019).
This can include lessons on the effects of deforestation, climate change, and other human-
driven changes on plant populations and ecosystems. Some hands-on interaction with plants
already mentioned in the previous points can also help to develop in the students’ conserva-
tion behaviours (Beery and Jergensen 2018; Krishnan et al. 2019; Krosnick, Baker, and
Moore 2018; Soga et al. 2016). It is crucial for the students to understand that biodiversity
loss is much more important than an exotic animal (Amprazis and Papadopoulou 2018).
The extent of the conservation bias against plants is highlighted by some authors; there is
a big difference between the money invested in plant conservation compared to the number
of plants in danger (Havens, Kramer, and Guerrant 2014; Laycock et al. 2011; Margulies et al.
2019; Martin-Lopez et al. 2011). Even artificial intelligence applications exhibit this bias
towards endangered animals; when asked to name 50 endangered species, none of the listed
species were plants [Bengal Tiger, African Lion, Asian Elephant, White Rhinoceros,
Mountain Gorilla, Bornean Orangutan, Polar Bear, Snow Leopard, California Condor,
Goodfellow’s Tree Kangaroo, Blue Whale, Vaquita (Marine Porpoise), Leatherback Turtle,
Ring-tailed Lemur, Chinese Pangolin, Giant Panda, Bachman’s Sparrow, Amazon River
Dolphin (Pink Dolphin), Saiga Antelope, Iberian Lynx, Philippine Eagle, Andean Condor,
Sumatran Orangutan, Kakapo (Night Parrot), Black Rhinoceros, Eurasian Lynx, Spix’s
Macaw, Chimpanzee, Javan Rhinoceros, Angonoka Tortoise (Ploughshare Tortoise),
African Elephant, Malayan Pangolin, White-bellied Heron, Malayan Sun Bear, Harpy
Eagle, Laysan Albatross, Irrawaddy Dolphin, Black Crested Gibbon, Canadian Lynx (Red
Lynx), Zanzibar Red Colobus, Koala, Puma (Mountain Lion or Cougar), Sea Otter, Quetzal,
Hyacinth Macaw, Steller Sea Lion, Celebes Tarsier, North Atlantic Right Whale, Maui
Dolphin, Kakihona (Hawaiian Hawk); https://chat.openai.com/]; this bias also happens in
more traditional internet search engines and must be corrected in order to avoid artificial
intelligence perpetuating the problem.

Conclusions

In conclusion, our study found that pre-service teachers are influenced by the plant blindness effect,
which can have negative consequences for the environment and human well-being. As future
educators, it is crucial that pre-service teachers develop a greater appreciation and understanding
of plants so that they can effectively teach their students about the importance of biodiversity and
environmental sustainability. Our proposed topics for overcoming plant blindness in teacher
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education programs offer a starting point for incorporating this important content into pre-service
teacher training. However, more work is needed in this area, and we recommend that the content
and resources used for training pre-service teachers in these topics be reconsidered and improved
upon. Additionally, the creation of standardised tools for detecting plant blindness would be
beneficial in order to unify research efforts and evaluate the effectiveness of different interventions.
By taking these steps, we can better equip future teachers with the knowledge and skills necessary to
address plant blindness and promote a more sustainable future.
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