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Abstract: Bee and insect mortality has recently moved to the forefront of current nature conservation
debates and experiences intensive media coverage worldwide. In order to understand the complexity,
it is necessary to raise awareness of the diversity of bees. This study investigated whether students
are aware of the species diversity of bees. We are guided by the concept of ‘plant blindness’ and show
that it cannot be assumed that people are only ’plant-blind’. Therefore, we introduce the concept
of Species Awareness Disparity (SAD) in bees to describe a phenomenon which can be defined as
the failure to appreciate the significance of wild bee species and the inability to distinguish between
individual species of the Apidae family. A total of 421 German students in grades 5–7 participated.
The majority of students did not associate a diversity of species with the term ‘wild bee’ but rather
consider the honeybee as the bee. Only 2.7% (N = 421) of the students were able to correctly identify
pictures of wild bees and the honeybee. This highlights the importance of educating students about
the identity and nature of bees in their environment so that they become aware of their meaning from
both a personal and an ecological perspective.

Keywords: bees; awareness; biodiversity; environmental education; conservation

1. Introduction

There is broad scientific evidence of an ongoing decline of many insect species in
Europe, North America, and other regions of world [1]. Although differences have been
reported related to taxonomic lineages and rates of decline, studies predict annual species
losses up to 10 percent for some terrestrial regions and Europe being more affected than
other parts of the world [2]. As reviewed by Sánchez-Bayo and Wyckhuys, numerous
studies exclusively list anthropogenic factors as drivers of insect decline [1,3]. Here, both
climate change and losses of intact habitats due to urbanization and intensive agriculture
are considered to contribute to shifts and losses of ecosystem functions. As a consequence,
this worldwide decline in the number of insect species has elicited considerable public
attention [4,5]. The loss of bees as important pollinators for both wild and crop plants has
especially led to concern [4] and even to public protests, e.g., in Germany, where our study
was conducted. Accordingly, a referendum with the title ‘Petition for Species Diversity:
Save the Bees’ was enforced in one federal state, while similar petitions are discussed in
other federal states of Germany [6]. However, the loss of species diversity is not the only
problem. In addition, the absolute number of insects is also radically declining considering
their biomass per area [5].

1.1. Economic and Ecologic Value of Bees and Loss of Insect Biodiversity

The consequences of diversity loss are both ecological and economic. Seventy percent
of the 124 most valuable crops for human consumption rely on bees as pollinators [7]. The
annual value of insect pollination in the EU is 14.6 billion EUR, which represents 12% of
the total economic value of annual crop production [8]. Next to the economic importance,
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the ecological consequences are no less serious: Insects occupy important niches in various
ecosystems and thus ensure their stability [7,9]. Pollinating insects also play a crucial role
with regard to the biodiversity of flowering plants: High species diversity of pollinators
promotes high species diversity of plants and vice versa [10]. The more species there are,
the less impact external disruptions and changes may have. This is mainly due to the fact
that a mutual adaptation between pollinators and plants has co-evolved over time, leading
both to oligolectic bee species which forage for pollen on just a narrow variety of plant
species and polylectic species with a broad foraging spectrum [11]. Given the fact that
about 30% of Central European solitary bee species are oligolectic [12], an ongoing demand
for more bee-specific conservation efforts is justified.

The western honeybee Apis mellifera, whose large colonies pollinate big areas of crops
and at the same time provide honey for human consumption, is the most common managed
pollinator of wild and cultivated plants worldwide [13]. Nevertheless, the number of
managed honeybee stocks have also declined and the well-documented death of thousands
of honeybee colonies, for example in Europe and North America, is alarming [14]. Although
most media coverage regarding pollination focuses on honeybees and many people are
oblivious of the importance of other bee species [15], experts have been pointing at wild
pollinators such as bumblebees and solitary bees and their fundamental roles in food
production and ecosystem integrity [16,17]. They provide a global value of approximately
153 billion US dollars through their pollination services [18,19], making them efficient
pollinators of crops beside the honeybee [7,20,21]. However, the species richness of wild
bees and other pollinators has declined over the past 50 years and some species have even
become extinct. As bees in general account for one third of flower pollinators and wild bees
provide at least 20% of pollination services in agronomy, reported declines show strong
negative effects [3]. In Germany, according to the Red List of Apidae, 47.7% of bee species
are extinct or threatened with extinction, while 37% are not at risk [22].

1.2. A Bee or Not a Bee? A Matter of Language

To be able to imagine and assess the extent of the loss of bees described above, it is
important that people not only associate honeybees with the word ‘bee’ but also consider
wild bee species. In everyday language, we mainly talk about bees and do not distinguish
between species within the Apidae family. Moreover, for the general public, bees are
synonymous with honeybees whose fate is closely followed due to their role not only as
pollinators but especially as honey and beeswax producers [23].

Bees are a monophyletic lineage within the superfamily Apoidea. The largest family
within Apoidea is Apidae, which contains over 6000 species. Among them are the western
honeybee Apis mellifera, which is one of the first domesticated insect species and hence
considered by the general public as the honeybee, and bumblebees within the genus Bom-
bus [24]. The German word for bee is ‘Biene’ whereas a bumblebee is named ‘Hummel’.
Unlike in the English language, the German words for bee and bumblebee have no common
ground. This is the case for many Western languages. Within Germanic languages, only
Danish speakers will associate a ‘humlebi’ (i.e., bumblebee) with a ‘bi’ (i.e., bee) while
words are different in Swedish (‘humla’ vs. ‘bi’), Norwegian (‘humle’ vs.’bie’), and Dutch
(‘hommel’ vs. ‘bij’). Romanic languages show a similar pattern where in Spanish ‘abejorro’
(i.e., bumblebee) is derived from ‘abeja’ (i.e., bee). Speakers of French, Italian, and Por-
tuguese, however, use different words (‘bourdon’ vs. ‘abeille’; ‘calabrone’ vs. ‘ape’; ‘zangão’
vs. “abelha”. Interestingly, in many languages including German, the word for bumble-
bee (‘Hummel’) derives from the buzzing sound of flying bumblebees [25] (p. 1880); [26]
(p.748); [27] (p.429). Likewise in English, the word ‘bumble’ relates to the humming sound
that bumblebees make.

To distinguish other representatives of bees, including bumblebees, from honeybees,
the German word ‘Wildbiene’—literally ‘wild bee’—was coined. It is used in everyday
life even though it is not a scientific term of taxonomic relevance. ‘Wild bees’ comprise all
species beside honeybees of the superfamily Apoidea within the order Hymenoptera [28].
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In English, bee species other than bumblebees and honeybees are commonly referred to as
‘solitary bees’ due to their life cycles.

1.3. From ‘Species Diversity Blindness’ to ‘Species Awareness Disparity’ for Bees

Knowledge about the diversity of living organisms is a crucial factor in recognizing the
need for protection and as a consequence implementing appropriate conservation measures
in our everyday life. This holds true for both solitary bees and ‘wild bees’ which are by
far the largest taxonomic group worldwide [14]. In Europe, one can find almost 2000 bee
species, and in Germany more than 566 bee species are listed [29]. The different species
show an enormous variety in shape and appearance: Besides typically black and yellow
colored species, there are also red-banded, white-spotted, or blue-shimmering species,
which can be either furry or hairless [12].

Due to a lack of knowledge, the diversity of living organisms is systematically overlooked
in everyday life. A now well-known phenomenon that describes people’s inability to see
individual species in their environment has been established for plants and is called ‘Plant
Blindness’. The term was initially described in 1999 by Wandersee and Schussler as “the
inability to see or notice the plants in one’s environment—leading to (a) the inability to
recognize the importance of plants in the biosphere and in human affairs; (b) the inability to
appreciate the aesthetic and unique biological features of the life forms belonging to the Plant
Kingdom; and (c) the misguided, anthropocentric ranking of plants as inferior to animals,
leading to the erroneous conclusion that they are unworthy of human consideration” [30].

Here, aspect (a) includes the importance of pollination of plants, which has been neglected
as an indispensable ecosystem service, and can be specified as ‘pollination blindness’ [31].

Plant blindness is influenced by several factors: attention, attitude, knowledge, and
relative interest [32]. Most people do not pay attention to plants in their daily lives [33]. The
reason for this may be that the human brain looks for visual stimuli to distinguish objects
from each other [34]. However, attitude also has an influence on the perception of plants as
long as many people are convinced that plants do not matter to humans [32]. The knowl-
edge component describes a more specific knowledge about plants and appreciation for
why plants are invaluable to the biosphere and human affairs [32]. In addition, people find
other organisms, especially animals, more interesting than plants and therefore pay more
attention to them which is part of the factor ‘relative interest’. Since the term ‘blindness’
can give the impression that it is merely a matter of not seeing things, Parsley [32] proposes
to speak of plant awareness disparity (PAD) instead: “PAD emphasizes that plants are not
completely unseen, but rather placed in the background in the visual service of noticing
other organisms” [32]. In addition, Parsley [32] raises concerns that the term ‘blindness’
hurts people from the disabled community and thus contributes to ableism.

However, the phenomenon not only applies to plants, but it is also evident with other
organisms. Knapp [35] speaks of humans being “everything-but-vertebrates blind”. As it
cannot be assumed that all animals are perceived equally and draw more attention than
plants, a distinction should also be made between different animal species. People tend to
like large, intelligent animals with the capacity for social bonding [36]. In contrast, they
tend to encounter invertebrate species with rejection and evaluate them more negatively
than vertebrates [37,38]. A difference in interest between mammals and insects has also
been found in school contexts. Urhahne et al. [39] not only showed that the general interest
in insects and mammals decreases from grades 5 to 8/9, but they also found that mammals
generate higher interest than insects across grades. Therefore, it can also be assumed
that the diversity of insect species is not perceived in everyday life and that attitudes
and a lack of knowledge can have an influence on the willingness to protect. For this
reason, we initially focused on the term ’Species Diversity Blindness’ with regard to bees
as pollinators. With reference to Wandersee and Schussler [30], it reflects the inability to
see or notice bees other than honeybees in one’s environment, thereby neglecting their
importance for biodiversity. However, this initial concept may fall short for a number
of reasons: People use daily newspapers and magazines as sources of information about
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topics like biodiversity [40]. It can therefore be assumed that media coverage influences
the perception of bees in one’s environment and that it frames conservation issues. In
addition, insect pollinator conservation is a hot topic in global media, but the focus is
mainly on honeybees [14,17]. On the other hand, school education plays a crucial role
for the promotion of both species knowledge and understanding of ecological concepts.
For example, hands-on opportunities which demonstrate how plants and insects interact
can influence attitudes in a positive manner [41]. Furthermore, as species identification
is the basis for biodiversity conservation, it is important to counteract plant and species
diversity blindness [42].

Following Parsley’s arguments [32] as well as Silveira et al. [43], we introduce the
concept of ‘Species Awareness Disparity’ (SAD) for bees in order to describe a phenomenon
which can be defined as the failure to appreciate the significance of wild bee species and the
inability to distinguish between individual species of the Apidae family. Although speaking
of ‘blindness’ is straightforward in typical situations where plants are not perceived in the
presence of animals (e.g., the tree whose branch is used as a perch by a feeding bird), we
opted against using ‘blindness’ in this context. As it is general knowledge that bees, i.e.,
honeybees, can sting, a certain amount of fear is associated with their appearance. Hence,
most people are not ‘bee blind’ when it comes to close encounters with bees or even wasps.
Like PAD, SAD is represented by a combination of attention, attitude, knowledge, and
relative interest as categories which can be addressed both individually and in combination.
We will elaborate on SAD in an educational setting of a research project which aims at
promoting knowledge of the role of bees in conservation through an original encounter
with solitary bees and bumblebees, in particular, as ‘ambassador species’. The concept
of ambassador or flagship species has been established in the context of conservation
marketing where it is assumed that public perception of endangered species precedes
awareness and the willingness to engage [44,45]. Main characteristics of an ambassador
species are both their popularity as a starting point to stimulate conservation awareness as
well as action and their ability to raise attention for biodiversity and conservation issues [44].

1.4. Lack of Bee Biodiversity in the Biology Classroom—A Promotor of SAD?

Promoting biological knowledge to children and young adolescents is anchored in the
context of school education. From an educational point of view, it is therefore useful to
determine students’ state of knowledge and possible misconceptions in order to support
biology teachers in their selection of teaching content. The biology curriculum is very
open in many federal states of Germany. Teachers are required to teach the necessity of
biodiversity for the stability of an ecosystem, but they can decide for themselves which
species to use in the classroom [46].

However, the choice of teaching material which is available to teachers in this field
is very limited, as German textbooks and corresponding teacher guides often focus on
the honeybee to demonstrate the morphology of insects and the role of pollinators for
an ecosystem’s stability and agricultural productivity. Regardless of the choice of organism,
it is important to distinguish between scientific and colloquial language in order to prevent
a one-sided understanding of the word ‘bee’ as honeybee and to avoid confusion [47].

In contrast, other pollinating insects such as bumblebees are strongly underrepresented
in German school textbooks and rarely covered in class [48–50]. Batke et al. [51] showed
that the underrepresentation of plant-related curriculum content in schools has some
influence on plant blindness, so it can be inferred that this may also apply to species
diversity blindness.

This is not conducive to an approach to insects and topics such as environmental
education and conservation because insects have been associated with fear and dislike
in previous studies [52–54] and bees in particular have been associated with fear [55,56]
bumblebees on the other hand, students have a positive attitude [57]. This could have
considerable potential for increasing knowledge in the field of “wild bees” and insects.
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In a previous study, we examined the relationship between pro-environmental behav-
ior intentions and knowledge, attitude, fear, interest, and learning enjoyment in a school
intervention involving hands-on activities with living bumblebees. High interest in bum-
blebees led to a high willingness to implement bumblebee-friendly, pro-environmental
behavior intentions which correlated highly with attitude and interest [58]. Due to the
overall importance of ‘wild bees’ mentioned above, the study presented here addresses Ger-
man high school students’ associations and identification skills regarding ‘bees’ in general.
Our study participants from three grade levels were selected to represent children at the
beginning of their biological education (5th and 6th graders) as well as young adolescents
(7th graders) whose curricula address insect biology and insect biodiversity in particular.

Our study aim was to address the SAD categories of knowledge and attitude as
an empirical proof of concept. The two remaining categories, attention and relative interest,
are closely related and may allow indirect conclusions. They will be addressed more
thoroughly in a different research context.

The specific research questions were:

(1) What do children and young adolescents associate with the term ‘wild bee’?
(2) Are children and young adolescents aware of species diversity in ‘wild bees’?
(3) Are children and young adolescents capable of differentiating honeybees from other

wild bees and insects?

2. Materials and Methods

Our study was conducted within an educational project which focuses on bumblebees
as ambassador species to address insect decline in high school biology classes. In our
paper-pencil survey, which was conducted from April to July 2021, a questionnaire was
completed by N = 421 students. Participating students came from 10 different schools and
three different class levels within the German three-tier school system implemented after
the 4th grade. Our study sample was compiled by directly approaching schools in the
context of implementing a new educational project. Participating teachers were asked to
supervise the survey according to our instructions. All participating schools were located
within the metropolitan area of the Rhine-Main region in Germany (Table 1).

Table 1. Descriptive statistics of study sample.

5th Grade 6th Grade 7th Grade

Female 52 46 84
Male 64 25 117

No indication of
gender 1 0 6

Age 11–12 years 12–13 years 13–14 years
Total 117 71 207

In total, 182 female, 206 male, and seven students with no indication of gender took
part in the survey. They had not received any preparation in the form of special teaching
units. As not all participants stated their gender, the total number of students differs from
the sum of males, females, and no indication of gender. All participants completed the
survey voluntarily and independently during class. Students were asked not to cheat and
to fill out the questionnaire carefully, knowing that the survey would not influence their
grades. Approval by state school authorities was granted in advance.

2.1. Questionnaire

We focused on the association, i.e., mental connection, of wild bees and the ability
to recognize bee diversity. In an open-ended task, students were first asked to describe
what came into their minds when hearing or reading the word ‘Wildbiene’. On the basis
of their responses, we classified students into the following seven categories: honeybee,
conservation, environment, insects, positive feelings, negative feelings, and value.
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Next, participants were presented with color photographs of honeybees, hoverflies,
and a set of bee species. Overall, participants were shown two pictures of honeybees, seven
pictures of other bee species, and three pictures of hoverflies (Figure 1).
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Figure 1. Pictures of species for the identification task of wild bees. Insects were photographed from
above so that they were fully visible.

Consulting widely used field guides [59,60] and a recent monograph [29], common
species found in private gardens, public parks, and natural environments were chosen.
Hoverflies, which are common in Germany and as mimics resemble bees although they
belong to the insect order Diptera, were chosen as distractors. In an identification (ID) task,
students were asked to indicate whether the pictures showed a wild bee or not. Response
options were ‘Yes’, ‘No’, and ‘Don’t know’, the latter being offered in order to minimize
lucky or educated guesses being made. Based upon correct answers, we calculated ID
scores by assigning zero points for wrong answers and ‘Don’t know’ and one point for
a correct identification. Thus, participants could obtain ID scores ranging from zero to 12.

2.2. Data Analysis

Different sets of data were analyzed using IBM SPSS 27.0 following Field [61]. As our
data are not normally distributed, we applied non-parametric tests for category assign-
ments and ID scores as well as descriptive statistics for additional data analyses. Normal
distribution of ID scores was assessed by the Komolgorov–Smirnov test and the Shapiro–
Wilk test; the Mann–Whitney U test was subsequently calculated for gender differences.
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For the category assignment task, gender differences were analyzed with the chi-square
goodness of fit test.

3. Results

To evaluate the results of the open-ended task, students’ answers concerning their
associations with the term ‘wild bee’ were classified into seven categories. When asked
about what came into their minds when hearing or reading the word ‘Wildbiene’, 76% of
our study sample gave at least one answer. Students (N = 320) most frequently mentioned
terms such as ‘honey’, ‘honeybee’, or ‘hive’ that were attributed to the category honeybee.
This category also includes terms like ‘honey and fear’, ‘honey and bee decline’, ‘honey
and flowers’, ‘honey, bees, flowers, hive’, and ‘buzzing, flowers, and honey’. Second in
order of mentions were words which are included into the category environment (Table 2).

Table 2. Mean scores of associations with the term ‘wild bee’ in seven categories (N = 320).

Category Examples Naming (%)

honeybee ‘honey’; ‘honeybee’; ‘hive’ 28.1

conservation ‘flowers and conservation’;
‘decline of insects’; ‘threat’ 10.9

environment ‘environment’; ‘flowers’; ‘forest’ 20.0
insects ‘busy bees’; ‘insects’; ‘wasps’ 20.9

positive feelings ‘interesting’; ‘cute/nice bees’ 5.3

negative feelings ‘fear’; ‘disgusting’;
‘stinging’ ‘insects’ 9.4

value ‘pollination’; ‘fruits’ 4.4
no answer ‘don’t know’ 1.0

Associations with the term ‘wild bee’ differed between genders. Male students men-
tioned ‘honey’ or ‘honeybee’ more often than girls did. Female students, on the other hand,
more frequently described terms that can be summarized under the category environment,
such as flowers (Figure 2).

A chi-square goodness of fit test revealed that genders differed significantly in the
category of ‘environment’ (X2 (1) = 9.0, p = 0.004, N = 64), while all other categories did not
show statistically significant differences with regard to gender ratios (p-values > 0.133).

Referring to our research questions 1 and 2, it can be concluded that the majority of
students did not seem to be aware of bee diversity or associate a diversity of species with
the term ‘wild bee’, but students rather highlight the honeybee as the pollinator.

In total, 421 students participated in the identification task. The number of valid
answers varies depending on the individual pictures (Table 3).

Answers range from 91.9% (Xylocopa violacea) up to 97.1% (Apis mellifera). On average,
participants obtained an identification score of 4.9 ± 2.4, indicating that less than half of
the photos were identified correctly (Figure 3).

Maximal identification scores were reached by very few students whose associations
were assigned to ‘environment’ and ‘honeybee’. While a visual inspection of the ID score
distribution suggests that ID scores are approximately normally distributed, results of
a Kolmogorov–Smirnov test (p < 0.05) as well as a Shapiro–Wilk test (p < 0.05) revealed
no normal distribution. Hence, a Mann–Whitney U test was calculated to determine if
there were differences in ID scores in male and female students. There was no statistically
significant difference in ID scores between genders (U = 11,565.00; Z = 778.598; p = 0.636).
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Figure 2. Percentage of the association with the term ‘wild bee’ of different genders. Students’
answers were assigned to one of seven categories. Students without indication of gender (N = 7)
were omitted for clarity.

Table 3. Proportion of students (N = 421) that identified the respective wild bee as such (in ascending order).

Species Proportion of Correct Answers

honeybee 48.5%

wild bees
Xylocopa violacea 30.2%
Bombus terrestris 31.7%
Bombus lapidarius 38.7%
Bombus hortorum 39.6%
Bombus pratorum 40.9%

Osmia bicornis 46.3%
Bombus pascuorum 52.4%

hoverflies 64.6%

The fact that students imagine a honeybee when they hear or read the word ‘wild bee’
is reflected in the results of the identification task in which different bee species and flies
were shown. Overall, 13.8% of students could not correctly identify a single wild bee. Only
2.7% correctly detected all photos of wild bees. The proportion of students who recognized
a wild bee as such differs between the depicted species (Table 3).
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Figure 3. Distribution of Identification Scores (N = 421).

Bumblebees were thought to be a wild bee by 40.6%. The buff-tailed bumblebee
(Bombus terrestris) is most often recognized as a wild bee. The other bumblebee species were
classified as wild bees less frequently. The violet carpenter bee (Xylocopa violacea), which is
one of the largest European bees, and the red mason bee (Osmia bicornis) were perceived as
wild bees by only 38.4%. Overall, a relatively high level of uncertainty is shown.

Overall, 51.5% considered a honeybee to be a wild bee. Distinguishing a honeybee from
other wild bees was difficult for many students. Of the two photos showing a honeybee,
33.1% mistook the honeybee in one of the two photos for a wild bee and 33.8% did so in
both photos.

Only 19.9% of students considered a hoverfly to be a wild bee, whereas 15.5% mistook
both photos, and 64.6% answered correctly in this item.

4. Discussion

Confronted with the term ‘wild bee’, 28.8% of all students imagined ‘honey’, ‘hon-
eybee’, or ‘hive. Male students in particular associate these terms with it. Students are
hardly aware of the fact that there is such a great diversity of appearance and lifestyle
within the Apidae family. Additionally, the idea of conservation is not in many students’
minds (Table 2). It can be concluded that although students associate ‘wild bee’ with insects
and honeybees in particular, they are not highly aware of their vulnerability. It is also
interesting that negative feelings are more likely associated with the word ‘wild bee’ than
positive feelings. Our results coincide with results of previous studies [55,56]. Results by
Gerdes et al. from a study with university students show that both cognitive (e.g., fear
and disgust) and emotional (e.g., danger) factors determine how arthropods are perceived.
Next to spiders, which were rated highest on fear, on danger were bees and wasps, while
beetles and butterflies were rated positively. As the study does not distinguish between
bees and wasps, one reason for their negative ratings could be the fact that many humans
experienced painful stings or are aware of the risk of being stung [56].

The difference between genders in naming terms related to the environment and
nature is striking (Figure 2). While 13.97% of the female students mentioned terms related
to this topic, only 6.35% of the male students did. Holstermann and Bögeholz [62], who
investigated the scientific interests of German adolescents, showed that scientific interests
are gender-specific. Girls are more interested in understanding natural phenomena than
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boys, while boys seem to be more interested in research, physics, and technology. General
topics such as animals or humans and their interactions with their environment are equally
interesting to male and female students.

Since ‘wild bee’ is not a scientific term, it is important that the term is introduced
and used accordingly in biology or science classes as schools and their curricula are the
most important sources of information for children and young adolescents. This might
counteract the misconception held by many students—that wild bees are honeybees living
in the wild and are not kept by beekeepers. As mentioned above, everyday languages of
most Germanic and Romanic languages use different and etymologically unrelated words
for species members of the genus Bombus and other genera within the Apida family or
Apinae subfamily. Additional efforts should be made to communicate that a ‘Hummel’ or
‘bourdon’ is a ‘wild bee’ in a biological sense, and they share the same characteristics and
ecosystem functions as well as threats.

Even though 76% of the students in grade 5–7 have an idea of what the term ‘wild
bee’ means, they do not seem to be aware of their diversity. Only 2.7% marked the
correct answer for all photos. In contrast, the honeybee is often mistaken for a wild bee.
Interestingly, no differences between female and male students with regard to the ID
score were detected. Previous studies have shown that gender influences positive and
negative attitudes dependent on which animals were investigated. In a study by Prokop
and Tunnicliffe [63], girls showed more negative attitudes to dangerous or scary animals
such as wolves and mice compared with boys. In contrast, girls were more positive about
rabbits, and no gender differences were reported towards beetles, which could explain
why our ID score does not show gender differences. The distinction between hoverfly and
wild bee seems to work well, whereas the distinction between a honeybee and a wild bee
seems difficult. The common carder bee (Bombus pascuorum), which resembles the familiar
image of a bee due to its brownish color, is most often considered a wild bee, although
it is a true bumblebee (Figure 1). Species that look quite different from honeybees are
not recognized as a wild bee by students (Table 3). However, a strong visual deviation
from the typical habitus of the honeybee could be helpful for conservation activities [64].
Here, it is argued that both field experience—i.e., an ‘original encounter’ in the language
of biology educators—and the use of a non-iconic local species are well-suited for raising
awareness to connect with once own environment [64]. Being familiar with the diversity of
wild bees, their beauty and color in particular can be important in overcoming negative
attitudes towards insects [65]. Species identification may also lead to a higher affinity
towards pollinators than towards unknown species [66]. Here, it was shown that species-
related affinity or antipathy correlates with species knowledge. Animal species, which were
identified and correctly named by study participants, received significantly higher affinity
levels. At the same time, the authors stress the importance of “nature on our doorsteps”
approaches in this context. Interestingly, the group of agricultural students within the study
sample showed a strikingly high affinity for the buff-tailed bumblebee (Bombus terrestris).
This contradicts a general low affinity for insects in general [66] and could be explained
by the fact that most agricultural students might be aware of the role of bumblebees as
pollinators, not only in natural environments but also in commercial agriculture where
purchased bumblebee colonies are introduced into greenhouses. Thus, anchoring the
diversity of pollinator species as well as their manifold roles within ecosystems in school
curricula might strengthen students’ attitude towards insects overall.

5. Limitations

As we focused on bumblebees in our educational project, the focus in the species
identification task is on bumblebees. Other wild bees are underrepresented in the photo
selection compared to their actual species diversity.

Moreover, study participants were recruited from a network of cooperative schools
and were not selected randomly. As mentioned above, ‘Don’t know’ was included as
a response option to allow honest answers in the species identification task. Nevertheless,
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the possibility of guessing cannot be excluded completely. In a similar manner, the denial of
answering individual species ID tasks can either be explained as mere ignorance or simple
oversight. However, if the option ’don‘t know‘ is ticked, it can be assumed that this answer
option was more likely to be chosen than guessed.

6. SAD Is Not Always Bad—Conclusions and Implications for Education
and Conservation

The results of our study show that children and young adolescents are not aware of
the diversity of bees. Thus, besides the role of both honeybees and ‘wild bees’ for food
production and the persistence of existing habitats, knowledge of bee diversity should be
focused on and implemented in biology classes. Through biological education, exploration,
and interaction with nature, thinking and behavior can be influenced [67]. By experiencing
nature, people can connect with insects and a willingness to care for them may emerge.
This phenomenon is referred to as ‘rescuing the extinction of experience’, which can be
achieved by expanding knowledge and raising awareness of insects in the worldview [68].
In addition, species that are known have a greater chance of being protected [69], which
highlights the importance of increasing information about nature in public and also in
schools. This is reflected by a statement well-known to conservationists who constantly
claim that you can only protect what you know.

By educating students about ‘the other bees’ in their environment, they may expand
their knowledge of bees above all honeybees and become aware of their importance
as pollinators and beyond [15]. Moreover, only through outdoor and hands-on activities
focusing on local species in their natural environment can a concern about local biodiversity
be raised in schoolchildren [64]. At the same time, a willingness to protect, for example,
certain local and thus locally available instead of exotic ‘virtual’ animals has to be developed
in order to foster interest in an endangered, threatened environment [64].

One approach to motivate students to get involved in conservation activities is by
letting them participate in tailored educational processes [70]. Collaborative work in
scientific processes between researchers and laypeople is described as ‘Citizen Science’.
Here, different levels of participation can be distinguished [71]. For example, in a citizen
participation activity where citizens collect observation data on wild bees, Ganzevoort and
van den Born [72] indicate an increase in knowledge and appreciation of wild bees. In
order to promote civic engagement in conservation contexts, a plethora of approaches and
activities can be applied, both in the classroom and in out-of-school contexts. Moreover,
implementing Citizen Science in school education presents a unique opportunity to reach
all sections of society [73]. Providing students with possibilities to get involved with
scientific research is a way to bring society and science together [74]. By participating
in a Citizen Science project in the context of biology classes, students can acquire a wide
variety of skills, and increase their motivation to become involved [75]. In addition, by
participating in science where they contribute to world knowledge, students feel more
engaged in their learning [76], increase their scientific literacy [77], and positively change
their attitudes towards science [78].

In our opinion, anchoring Citizen Science in school contexts can help to overcome
SAD. Our project ‘Hummeln helfen! Rhein-Main’ (engl. ‘Helping Bumblebees within the
Rhine-Main Area’) starts at this point with the intention to actively involve students as
they play a key role in ensuring species conservation. Using tailored teaching materials,
students acquire knowledge about wild bees, learn about biodiversity, and work out
various factors influencing bee and insect extinction. This is a prerequisite for successful
Citizen Science activities related to bumblebee monitoring. As Falk et al. [79] could show
in a study investigating two British Citizen Science projects devoted to bumblebees, both
recorder accuracy and recorder success correlate with the recorders’ species knowledge
and identification skills. In addition, expert support as well as expert-guided training
must be mandatory to obtain scientifically solid data. In line with our approach, the study
recommends the use of images of the insects that are most frequently mistaken for and
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recorded as bumblebees, including e.g., the honeybee (Apis mellifera), mason bees (Genus
Osmia), and hoverflies (Diptera: Syrphidae) [79]. As a consequence, experienced project staff
support students to identify and quantify wild bees in their school’s surroundings, develop
conservation activities, and become engaged in a Citizen Science project at their school or
within their neighborhood. In doing so, students will not only be citizen scientists who
support ongoing research or conservation efforts but may cultivate an attitude towards wild
bees and bee diversity which is referred to as environmental citizenship [80]. Environmental
citizenship is a new way of thinking and acting which includes recognizing the value of
environments for humans, promoting conservation, and supporting nature protection and
biodiversity. Moreover, the suggested activities will focus on attitudes and values and thus
counterbalance criticism of environmental or nature-based Citizen Science initiatives to
only address participants’ skills and knowledge [81].

In order to account for all four components of the SAD concept, further research is
required. Nevertheless, our study shows that children and young adolescents are currently
not aware of the diversity of bees. It can be assumed that this lack of knowledge has
an impact on student attitude, attention, and relative interest. However, systematically
acquired knowledge can be built to make people aware of the ecological and economic
significance of bees for ecosystems. To tackle insect decline, Kawahara et al. [82] have
recently suggested ‘eight simple actions that individuals can take’ and define two action
groups, namely (1) the creation of insect-friendly habitats and (2) the implementation of
activities to increase awareness and appreciation of insects [82]. In particular, the authors
suggest that besides efforts to reduce negative attitudes towards insects, individuals should
outreach to others as ‘insect ambassadors’ and get locally involved in favor of insect-friendly
environmental policies [82]. All these activities and actions can broaden an individual’s
view of the diversity of bees in everyday life. As environmental citizens, they will not only
follow ongoing research on insect decline due to drastic pesticide exposure and understand
that urgent action is required [83] but will actively engage in the conservation of wild bee
and insect biodiversity which play a crucial role in ecosystem stability.
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