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Abstract

The current loss of biodiversity has found its way into the media. Especially the loss of bees

as pollinators has recently received much attention aiming to increase public awareness

about the consequence of pollinator loss and strategies for protection. However, pollinating

insects like bees often prompt considerable anxiety. Negative emotions such as fear and

disgust often lead to lack of support for conservation and appropriate initiatives for protec-

tion. Our study monitored perceptions of bees in the contexts of conservation and danger

bees possibly represent by applying a semantic differential using contrasting adjectives

under the heading “I think bees are. . .”. Additionally, open questions were applied to examine

individual perceptions of danger and conservation of bees. Respondents were students from

primary school, secondary school and university. We compared these novices (n = 499) to

experts (beekeepers, n = 153). An exploratory factor analysis of the semantic differential

responses yielded three major oblique factors: Interest, Danger and Conservation & Useful-

ness. The inter-correlations of these factors were significant. Although all subgroups showed

an overall high willingness to protect bees, the perception of danger scored medium. The

individual experience of bee stings was the most prevalent reason for expressing fear. Edu-

cational programs focusing on pollinator conservation may reduce the perceived danger

through removing misinformation, and supporting interest in the species. Based on the over-

all positive attitude toward bees, we suggest introducing bees (e.g., Apis mellifera) as a flag-

ship species for pollinator conservation.

Introduction

Pollination animals are key players in most terrestrial ecosystems, providing an essential eco-

logical service which affects human life directly and indirectly [1,2]. Especially wild and

domesticated bees are the primary pollinators of wild plants and agricultural crops. Through

their ecological and economic value they hold an exceptional position within global ecosys-

tems [2,3]. Among the generally detected loss of biodiversity [4] there is increasingly strong

evidence for a decline in pollinators. This decline constitutes a potential threat to the vital eco-

logical services, and could lead to a lasting negative effect on wild plant diversity, crop produc-

tion and food security [3]. A variety of possible causes of this documented decline have
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attracted growing attention in recent decades by the scientific community and general public.

A number of studies observed different factors which may be driving the detected loss. Habitat

loss, parasites, disease as well as pesticides are the reported major stressors [5]. It should be

underlined that in the majority of cases these factors do not act in isolation. Rather the interac-

tion between these factors leads to harm, and this interaction seems to vary in different parts

of the world [5]. Striving for a well-balanced healthy planet, awareness of pollinator conserva-

tion is needed at the local and global levels [6]. In recent years, various actions, campaigns and

programs all over the world have been implemented to raise public awareness of the signifi-

cance of pollinator conservation [1,7]. In the case of bees, the phenomenon of Colony Collapse

Disorder, the unexpected loss of honeybee colonies, has attracted great attention among

researchers, politics and the public in recent years [6,8]. One fundamental tool to locally coun-

teract the current trend in biodiversity loss is environmental education [5,9], aiming to foster

awareness of the conservation of biodiversity.

Insects and other invertebrates are often associated with negative emotions such as dislike,

fear and aversion [10–12]. Attitudes may be described as a complex construct, consisting of

cognitive (e.g. knowledge, ideas, thoughts), affective (e.g. emotions, feelings) and conative (e.g.

intended behavior) components which strongly influence each other [13]. Negative attitudes

toward animals are assumed to be due to a biological predisposition to be prepared for poten-

tially dangerous species [14] in order to defend oneself against predators, or avoid diseases and

infections [15,16]. Focusing on the cognitive component, negative perceptions of animals are

often accompanied by myths and superstitions [17] as well as by other cultural and/or individ-

ual factors [18,19]. Thus, potential alternative conceptions or misinformation, aligned with per-

sonal experience, media or formal interventions can influence attitudes [20]. In comparison,

fear and disgust as parts of the affective component are based on social learning (instruction

and observation) [21] and personal experiences (conditioning) [22,23]. Especially emotional

responses toward animals are well documented in the scientific literature (e.g. [24–26]). Previ-

ous studies about attitudes toward animals often refer to nine fundamental attitudinal ‘types’:

aesthetic, dominionistic, ecologistic, humanistic, moralistic, naturalistic, negativistic, scientistic,

and utilistic [27]. These types are influenced by diverse personal variables, such as gender or age

[28,29]. For instance, the attitudes of 6 to 9 year-old children toward animals seem to be depen-

dent on affective and emotional influences (e.g. high utilitarian, dominionistic and moralistic

scale results) while for 10 to 13 year olds cognitive components (e.g. factual knowledge) seem to

be prevalent. 13 to 16 year old students’ attitudes are characterized by an increase in ethical con-

cerns and ecological appreciation [27]. Further studies examining the likeability of different ani-

mal species found gender, age and educational level to be predictive for individual preferences

[30]. Several studies confirm that vertebrates, especially mammals, are preferred over inverte-

brates (e.g. [31,32]. Although the fear of wasps and bees seems more intense [31,33], insects

with a practical value (e.g. bees) are perceived more positively [11].

As shown by the association of environmental attitudes with pro-animal attitudes [34], the

likeability of a species also affects conservation concern [35,36]: people are less willing to pro-

tect biodiversity when unpopular species are involved [37]. Additionally, Knight [38] pointed

out that the support of species protection is significantly related to attitude types, for instance,

aesthetic, moralistic as well as negativistic (e.g. fear). More specific investigations showed that

fear and disgust [12,39] but also beliefs in superstitions and myths [40] compromise a person’s

willingness to protect species.

Raising awareness about the importance of animal conservation and at the same time fos-

tering pro-environmental behavior is a central issue of educational settings [9,41]. Education

should focus on attitudes toward animals [34], as negative emotions could hinder successful

learning [42]. Knowledge about peoples’ existing attitudes is essential when educational
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programs are designed. Emotional perceptions toward unpopular animals can for example be

systematically reduced within educational settings [25,43].

Surprisingly, there is a lack of studies on attitudes toward bees, although pollinator conser-

vation seems to hog the limelight in current media and is part of school curricula in Germany

and elsewhere. As mentioned before, the association of fear in regard to bees was recently

investigated, but often only in combination with wasps [30,33]. Our study aims to explore how

people perceive bees, in order to design effective educational programs supporting pollinator

conservation. In comparison to most recent studies we use a sematic differential to investigate

the perception of bees. Since we compare different age groups of students as well of beekeepers

as experts, we hope to respond to all ages through this method. We focus on selected individual

aspects of attitudes, namely the perceived danger, the willingness to protect bees and interest.

The aim of our study is threefold: First, to investigate whether a semantic differential is an

appropriate instrument for measuring the perception of bees regarding the aspects danger,

conservation and interest. Second, to examine the relationship between the perception of bees

as being dangerous and the willingness to protect them. Third, particularly with regard to

design future effective educational programs, to investigate the perception of bees in regard to

danger, conservation and interest. We focus on how age, or rather the level of expertise, influ-

ences the examined aspects.

Material and methods

Ethics statement

The proposed research and consent processes were approved by the Bavarian Ministry of Edu-

cation (“Bayerisches Staatsministerium für Bildung und Kultus, Wissenschaft und Kunst”) in

April 2014 (III.9-5 O 5106/100/11). The permit number allows public review of the question-

naires used in the study. Participating schools were informed about the research conducted

and provided their consent. All participants or legal guardians provided their written or oral

consent to participate in this study. Data privacy laws were respected as our data was recorded

pseudo-anonymously. Only the specific identifier number, based on sex, birth month and year

allows conclusions on sex and age. Participants and legal guardians had the chance to reject

study participation at any time.

Participants

Two groups were compared: experts and novices (Table 1). The expert group comprising expe-

rienced beekeepers was surveyed at a regional beekeeper convention. The novices consisted of

subgroups determined by age and levels of expertise. We examined fourth- and fifth-grade

pupils (primary school) and seventh and eighth graders (secondary school). Overall, 15 classes

from five different schools participated in our study. All schools are located in major district

towns or in suburbs in Bavaria, Germany. Thus, our participants were supposed of growing up

in more rural regions rather than big city environments. We also collected data from university

students from a variety of disciplines, excluding those with a background in biology to avoid

distortions based on the level of expertise. The gender distribution was well balanced except

for the beekeepers subgroup, which includes a higher proportion of male participants

(Table 1). This may be due to the fact that beekeeping has long been a male domain [44].

Instruments

A paper-pencil-test was applied using semantic differential and open questions to collect atti-

tudes and ideas about bees. Semantic differentials measure attitudes by asking participants to
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position themselves between two polar adjectives [45]. Based on adjectives adopted from Driss-

ner et al. [46], participants were requested to position themselves on a nine-point scale between

eight word pairs (e.g. “dangerous-safe”, “fascinating-boring”, or “valuable-useless”) in reference

to the statement “I think bees are. . .“. Attributes were chosen focusing on danger, utilization,

conservation and interest toward bees. For a better understanding of the ideas behind partici-

pants’ attitudes toward perceived danger and willingness to protect bees, two additional open

questions were applied to all participants: “Explain why bees are supposed to be dangerous/safe

in your opinion?” and “explain why bees are supposed to be worthless/worth to be protected in

your opinion?”. Predefined lines supported participants for the expected statement length.

Data analyses

Statistical tests were conducted in SPSS (Version 22.0). All analyses were based on non-

parametric tests due to a partially non-normal distribution of variables.

The factor structure of the semantic differential was extracted using an exploratory princi-

pal-axis factor analysis. Oblique rotation was applied [47]. The following tests were applied

using factor scores, taking the dimension of single factor loadings into account. A bivariate

correlation of the detected factors was calculated.

A comparison of subgroups within each factor was calculated using Kruskal-Wallis tests

and pair-wise post-hoc analyses based on Mann-Whitney-U tests. Performing multiple tests

we avoided cumulative Type I errors through a Bonferroni correction [48]. According to Field

[47] we calculated the effect size r, whereby effects are interpreted as .10 ‘small effect’, .30

‘medium effect’ and .50 ‘large effect’ [49].

Qualitative content analysis was used to assess the answers we received for our open ques-

tions [50]. Based on the expert responses, we inductively built four categories with eight sub-

categories on the question about perceived danger (Coding guidelines, see S1 Table) and four

categories and nine subcategories on the question about the willingness to protect bees (S2

Table). The novice responses were assigned deductively to the subcategories according to our

coding guidelines. A person’s statement could be classified into several categories.

To ensure the reliability of our categorization we randomly selected about 15% of all novice

and expert answers. The analysis of inter- and intra-rater reliability, using Cohen’s kappa coef-

ficient [51], yielded scores between .84 and 1, reflecting an ‘almost perfect’ consistency of cate-

gory assignment (Table 2) [52].

We identified categories for perceived danger and willingness to protect bees, and calcu-

lated the frequency of their occurrence. The differences between subgroups were analyzed

using Pearson’s chi square tests. We calculated the adjusted contingency coefficient C whose

range extends from 0 to 1.

Table 1. Sample characteristics.

Age Gender [%]

n M SD male female

Novices

(1) Pupils (Primary School) 78 10.4 0.7 43.6 56.4

(2) Pupils (Secondary School) 321 13.6 0.7 56.7 43.3

(3) University students 100 22.8 2.4 44.0 56.0

Experts

(4) Beekeepers 153 57.8 13.5 67.6 32.4

N = 652

https://doi.org/10.1371/journal.pone.0180168.t001
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Results

Factor structure of the semantic differential

The principal-axis factor analysis reduced the initial eight sematic differential pairs to three

factors (based on the eigenvalue criterion surpassing 1). Items clustering under the same factor

can be interpreted as follows: Interest, danger and conservation & usefulness. Interest and con-
servation & usefulness consisted of three word pairs each and danger of two word pairs. The

Kaiser-Meyer-Olkin measure confirmed the sampling adequacy for the factor analysis with a

‘middling’ KMO value of all items (.79) according to Hutcheson and Sofroniou [53] and values

for individual items greater than .61, which pass the acceptable limit of .5 [47]. Altogether, the

three extracted factors explained 67.10% of the total variance. Table 3 displays the factor scores

after rotation as well as the internal consistency (Cronbach’s alpha) for the single factors as

predictor for reliability.

Interest and danger correlated negatively and significantly with a medium effect size (rs =

-.41, 95% BCa CI {-.48, -.32}, p< .001). A larger effect was found for the correlation of interest
with conservation & usefulness (rs = .69 {.63, .74}, p< .001) as well as for danger with conserva-
tion & usefulness (rs = -.52 {-.59, -.45}, p< .001).

Subgroups’ perceptions of bees

Participants’ perception of bees was investigated by applying the semantic differential. In gen-

eral, individual ratings were shifted toward the positive adjective of a word pair. Expert scores

in comparison to novice scores reflect a very positive attitude toward bees (Fig 1). Attitude

scores differed significantly between the novice subgroups (interest: H(3) = 101.26, p< .001;

danger: H(3) = 51.12, p< .001; conservation & usefulness: H(3) = 78.92, p< .001).

A pairwise post-hoc comparison between all subgroups was calculated to detect differences

between the subgroups’ attitudes toward bees (Table 4). The beekeeping experts show a signifi-

cantly higher interest in bees compared to the novice groups. Primary school students show a

significantly higher interest in bees compared to secondary and university students, but both

older groups do not differ from each other. Concerning the perceived danger of bees, the nov-

ice subgroups do not differ from each other, but perceive significantly more danger (medium

to large effect size) than beekeepers. All subgroups perceived bees to be useful and worthy of

conservation (conservation & usefulness). However, as experts also differ significantly from

novices, the novice subgroups only showed a significant difference between secondary school

and university students, only with a small effect

Reasons for perceived danger of bees

The qualitative content analysis revealed participants’ ideas about the danger and conservation

of bees. Most of the reasons concerning danger were conditional. For instance, participants

Table 2. Cohen’s kappa scores for inter- and intra-reliability.

Cohen’s kappa

Inter-rater-reliability Intra-rater-reliability

dangerous vs. safe

experts .90 .95

novices .91 .93

worthless vs. worth to be protected

experts .91 1

novices .84 .96

https://doi.org/10.1371/journal.pone.0180168.t002
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mentioned that bees in general are safe, but have the potential to be dangerous (“Bees just

defend their bee colony, otherwise they are safe”). The most frequent reasons mentioned for

perceived danger were grouped into the categories character of bees, bee sting and handling of
bees (Table 5).

We conducted contingency analyses in order to see if the frequency of the mentioned rea-

sons is significant associated to the level of expertise. In the case of the character of bees a signif-

icant association to the level of expertise exists (χ2(3) = 43.10; p< .001; Ccorr = .33). Most of the

experts (56.2%) mentioned that the danger of bees is connected to their character, (e.g. specific

behavior like hive defense) arguing from the bees’ perspective and 18.1% of the beekeepers

explicitly refer to breeding a peaceful race. The number of experts mentioning the bee charac-

ter as potential reason for its danger is significantly higher than the number of novices men-

tioning the bee character (univ. vs. beek.: χ2(1) = 8.67; p = .003; Ccorr = .29). Although the

novice groups indicated a clear trend showing that older novices mention the bees’ character

Table 3. Exploratory factor analysis of the semantic differential.

Factor Item Factor Loadings Eigen

value

Cronbach’s α value

INT DANG CON

INT Interest 3.88 .87

INT1 fascinating—boring .95

INT2 interesting—uninteresting .87

INT3 cool–uncool .49

DANG Danger 1.33 .82

DANG1 harmless—weird .91

DANG2 safe—dangerous .78

CON Conservation & Usefulness 1.09 .79

CON1 valuable—useless .80

CON2 necessary—unnecessary .73

CON3 worth protecting—worthless .71

Factor loadings below .40 are omitted; N = 511.

https://doi.org/10.1371/journal.pone.0180168.t003

Fig 1. Attitudes toward bees: Subgroup profiles. Related word pairs of the semantic differential to be

found left and right of the diagram. Adjectives reflecting a positive attitude toward bees are place on the right

side.

https://doi.org/10.1371/journal.pone.0180168.g001
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more often than the younger novices, these differences were not significant (p significant at

α< .008 after Bonferroni correction).

Equally, we found a significant association in the category bee sting (χ2(3) = 51.82; p< .001;

Ccorr = .36). While the frequency of mentioning bee sting tended to decline with decreasing

age, the novice groups did not significantly differ from each other. Only the beekeepers

(28.6%) mentioned bee sting less frequently than the novice groups (univ. vs. beek.: χ2(1) =

17.58; p< .001; Ccorr = .41). Nevertheless, the bee sting is the most common reason mentioned

Table 4. Pairwise comparison of subgroups for the factors Interest, Danger and Conservation & Usefulness including a summary of subgroup

medians and interquartiles.

Subsamples

prim. sec. univ. beek.

Mdn IQR U p r U p r U p r U p r

Interest

prim. 0.43 1.48 - - - 7079.00 < .001** -.25 2677.50 .002* -.23 211.50 < .001** -.66

sec. -0.20 1.15 - - - - - - 13666.00 .098 -.08 283.00 < .001** -.49

univ. 0.08 1.38 - - - - - - - - - 84.00 < .001** -.71

beek. 1.58 0.12 13666.0- - - 13666.0- - - - < .01**- - 13666.0- - -

Danger

prim. 0.04 1.42 - - - 10598.50 .552 -.03 3469.50 .508 -.05 324.50 < .001** -.58

sec. 0.13 1.25 - - - - - - 15294.00 .955 -.03 1350.00 < .001** -.38

univ. -0.00 1.23 - - - - - - - - - 368.00 < .001** -.58

beek. -1.18 0.68 - - - - - - - - - - - -

Conservation &

Usefulness

prim. 0.18 1.31 - - - 3583.50 .753 -.02 9577.50 .069 -.09 222.50 < .001** -.65

sec. 0.03 1.24 - - - - - - 12614.00 .007* -.13 523.00 < .001** -.46

univ. 0.37 0.90 - - - - - - - - - 232.00 < .001** -.64

beek. 0.96 0.06 - < .01**- .25- - - - - - - - - -

Mann-Whitney test U; after Bonferroni correction: p*significant at α < .008 and p**significant at α < .002; effect size r (r ¼ z=
ffiffiffiffi
N
p

)

https://doi.org/10.1371/journal.pone.0180168.t004

Table 5. Choice of individual reasons for dangerousness and conservation.

Reasons (answers in %) prim.a sec.b univ.c beek.d

dangerous vs. safe

Character of bees 18.4 24.7 35.2 56.2

Bee sting 72.4 65.9 58.2 28.6

Handling of bees 39.5 38.6 29.7 26.7

worthless vs. worth to be protect

Bee products 59.7 38.6 39.1 18.6

Pollination (in general) 44.4 54.9 59.8 78.8

Importance of pollination for humanity 12.5 19.0 19.6 29.2

Ecological importance of pollination 8.3 19.9 44.6 41.6

Extinction of humanity 2.8 21.6 5.4 6.2

A participant’s answer can be assigned to multiple categories
an = 76
bn = 308
cn = 92
dn = 113

https://doi.org/10.1371/journal.pone.0180168.t005
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by all groups of novices, sometimes commenting that the bee sting is generally problematic

(prim. 13.2%, sec. 6.8%, univ. 6.6%, beek. 1.0%) or problematic especially for persons with bee

venom allergy (prim. 5.3%, sec. 13.6%, univ. 14.3%, beek. 20.0%). Only few participants com-

mented that the bee sting is unproblematic (prim. 2.6%, sec. 8.4%, univ. 8.8%, beek. 5.7%).

The category handling of bees summarizes all active human behavior mentioned regarding

the handling of bees (e.g. to provoke bees). Within this category the contingency analysis did

not detect differences between the subgroups concerning the frequency of mentioning this rea-

son. Nonetheless, with the level of expertise mentioning handling of bees tended to decrease.

Reasons for the willingness to protect bees

On the willingness to protect bees, almost all participants have the same opinion, which led us

to categories dealing with reasons why bees are worth to be protected (prim. 97.2%, sec. 95.4%,

univ. 98.9%, beek. 100%). The most frequently mentioned reasons were bee products, pollina-
tion in general, importance of pollination for humanity and ecological importance of pollination
and extinction of humanity (Table 5).

Mentioning bee products as a reason for conservation is significantly associated with the

level of expertise (χ2(3) = 32.71; p< .001; Ccorr = .29). Most of the primary school students

(59.7%) mentioned products like honey, wax, etc. as reason for protection, which differs from

older students (prim. vs. sec.: χ2(1) = 10.67; p = .001; Ccorr = .26). In general, experts mentioned

bee products less frequently as a reason for conservation (beek. vs. sec.: χ2(1) = 14.86; p< .001;

Ccorr = .23) but pointed to pollination as major reason. We found an association between the

frequency of mentioning pollination and the level of expertise (χ2(3) = 26.70; p< .001; Ccorr =

.27). Although the frequencies suggested an increasing trend along the level of expertise, the

novice groups did not differ from each other significantly, only the experts (beek. vs. univ.:

χ2(1) = 8.74; p = .003; Ccorr = .29).

We counted the frequencies of mentioning pollination in general as well as the more precise

statements about the importance for humanity or the ecosystem. The frequency of mentioning

the importance for humanity, such as being able to harvest fruits or crops, is not associated to

subgroups. More than 10% of the participants mentioned the importance of pollination services

for humanity, whereas with age and level of expertise the importance for humanity is mentioned

more often. The frequency of mentioning the ecological importance of pollination, however,

seems distributed (χ2(3) = 47.50; p< .001; Ccorr = .35). The subgroups are split into two clusters:

the primary and secondary school students (prim. 8.3%, sec. 19.9%) and the university students

and beekeepers (univ. 44.6%, beek. 41.6%) differ significantly from each other (sec. vs. beek.:

χ2(1) = 20.23; p< .001; Ccorr = .30). The latter group answered more than twice as frequently

with reasons like the importance for an ecological balance or the conservation of biodiversity.

Surprisingly, we derived one category including all answers related to an extinction of
humanity. Respondents often referred to a quote which is erroneously attributed to Albert Ein-

stein [54] (p. 34) or their answers contained explanations about the reduction of oxygen if the

bee as a pollinator would go extinct. The frequencies of mentioning the extinction of humanity

as reason for the conserving of bees are not distributed as expected (χ2(3) = 33.94; p< .001;

Ccorr = .30). The secondary school students form a distinct subgroup as they mention the extinc-

tion of humanity most often (sec. vs. beek.: χ2(1) = 13.56; p< .001; Ccorr = .25) with every fifth

student mentioning the extinction of humanity as reason why bees are worth to be protected.

Discussion

Against the background of running into danger of a biodiversity loss of important pollinators,

it is crucial to better understand people’s attitude toward selected species [38]. Bees as most
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prominent pollinators are ubiquitous in current media and school curricula. However, there is

a lack of studies investigating peoples’ perception of bees. The present study monitored atti-

tudes toward bees from novices and experts regarding the perceived danger and the willing-

ness to protect them, and also examined qualitatively collected data to understand the reasons

behind the gathered perceptions.

Factors influencing the willingness to protect bees

Negative perceptions of animals are supposed to interact with individual conservation efforts

[37,38]. We also found a significant relationship between the perceived danger and the willing-

ness to protect bees. This result matches previous studies dealing with a negative influence on

support of a perceived danger [12] as well as fear and disgust as emotions toward different ani-

mals [38,55]. Next to a perceived danger which affects peoples’ willingness to protect, we also

detected a significant correlation between willingness to protect and interest. We assume that

participants displaying a more positive attitude toward bee protection are generally more

interested in bees. This relationship agrees with the study of Lindemann-Matthies [56] who

concludes that raising students’ interest in animals represents an important contribution to

their attitude toward conservation. This effect has recently been demonstrated by Ballouard

et al. [43] who implemented an educational program and observed the reduction of fear and

the increase of willingness to protect even unpopular animals, like snakes. To enhance peoples’

willingness to protect bees, it seems crucial to consider their perception of danger as well as

their interest in the species.

Novices’ and experts’ attitudes toward bees

Our novice subgroups (primary, secondary and university students) show an overall positive

attitude toward bees. The beekeepers, as expected, show even stronger positive attitudes

toward bees (ceiling effect) concerning all three attitude aspects: interest, perceived danger and

the willingness to protect bees. Thus, we regard our experts as a reference in our present study.

The novice subgroups do not differ significantly from each other in their rating of danger and

conservation & usefulness, but they differ concerning their interest in bees. In our study, pri-

mary school students show the greatest interest, which is again in line with earlier studies.

Younger students are more interested in biological topics in general [57,58], and in living

organism in particular [56] compared to older students. It is also conceivable that young stu-

dent’s interest in such topics is reflected in their connectedness to nature: Younger children

feel also more connected to nature [59] and express more pro-environmental attitudes [60].

Why do people consider bees to be dangerous?

Our participants perceived the danger of bees as lower although earlier studies had found bees

and some taxonomically related species (wasps, hornets) as perceived dangerous [31,33]. In

our case both novices and experts referred to a conditional danger: participants, for instance,

mentioned that bees are not a threat unless they are provoked. Most associations of novices

regarding perceived danger explicitly dealt with bee stings. This result can be compared to

research literature dealing with the human fear of arthropods [33]. Obviously, the sting is the

crucial factor for a perceived danger of hornets, wasps and bees are considered the most dan-

gerous arthropods [22,61]. Not surprisingly, fear and connected negative emotions are

impacted by prior experience and knowledge [23] which is reflected in our findings: Beekeep-

ers did not mention stings as most crucial factor for conditional danger, although they may get

stung more often than lay people. Novices do not have as much experience with bees as bee-

keepers do, and children and adolescents may obviously have negative emotions toward
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getting stung by bees (or other hymenoptera). Experiences of pain and swelling associated

with stings from insects as well as the knowledge of existing bee venom allergies may be causes

of novices’ perceived danger within this context [10].

Other stated reasons for a perceived danger are the character of bees and the handling of
bees. It is conspicuous that in connection with danger the character of bees is stated more often

increasing with the expert level while handling of bees tends to decrease with the expert level.

This fact implies a shift in focus of the argumentation from the human (handling of bees) to

the bees’ perspective (character of bees) along the expert level. Both perspectives obviously are

influencing each other and additionally provide information about different ways of thinking

about the perceived conditional danger. A more egocentric perspective found in the younger

students (primary and secondary school) may also be based on differences between children

and adults regarding the ability to change perspective. Adults (beekeepers and university stu-

dents) tend to be less egocentric than children [62].

Concerning bee stings, it is difficult to clearly tell whether novices only refer to bees, or if

they also refer to other insects which look similar to bees, like wasps or hornets. Prior studies

have shown that people rate some species as fear-relevant because of misidentifying e.g. hover-

flies or bumblebees for bees [22] which indicates a lack of knowledge of species. Educational

programs should, therefore, focus on the following two aspects to reduce the perceived danger

of bees for humans: (1) the special character of bees, or rather their breed and their behavior

and (2) the ability to differentiate bees from insects with a similar appearance (e.g. wasps).

Why do people think bees are worthy of protection?

The remarkable positive perception of bees concerning conservation and usefulness in all

groups was surprising, which we consider as a high willingness to protect bees. Although age

affects environmental attitudes and awareness in general [63] we could not show significant

age differences in the attitude toward the conservation of bees. However, the reasons why stu-

dents and beekeepers think bees are worth protection are of specific interest: Particularly

young students frequently stated bee products as a crucial factor for protecting bees rather

than the pollination services, the most frequently stated argument of all other participants.

This finding is consistent with Kellert’s study [27] where the utilitarian attitude toward animals

decreased and the ecological attitude increased between the 2nd and the 11th grade. In our

opinion, these results also reflect the continuing lack of understanding of the abstract ecologi-

cal concept primary school students hold [64,65] and the egocentric view of children [62].

Knowing about pollination is generally due to individual experience and/or educational efforts

and should increase naturally with age and expert level.

Although pollination is the most stated argument in total, the subgroups still differ in the

specification of their answers: While primary school students rarely mentioned the pollination

service, university students and beekeepers in particular highlight the ecological importance as

a major reason for protecting bees. Due to the media, the current losses of honeybee colonies

raised great attention [8] and informed the public about the importance of animals’ pollination

services. Beside the experts, who naturally show a great interest in bees, especially older stu-

dents may come into contact with media-present socio-ecological issues and may, therefore,

be more sensitized toward pollinator conservation.

Interestingly, about every fifth secondary school student believes that bees need protection

because humanity would die out if bees became extinct. This is an association which can be

regarded as an alternative conception. Such conceptions can be described as “any conceptual

difficulties, which is different from or inconsistent with the accepted scientific definition” [66].

Often respondents explicitly referred to a quotation of Albert Einstein’s: “If the bee
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disappeared off the surface of the globe, then man would have only four years of life left. No

more bees, no more pollination, no more plants, no more animals, no more man” [54] (p.34).

While this sentence is often already used for honeybee conservation and seems to be well-

known, no evidence is traceable that he ever pronounced this. It is assumed that activists

attributed this sentence to Einstein in order to give the issue more credibility [54]. Although

this quotation points to the importance of the species for our lives and the whole ecosystem, it

is controversial because of the lack of scientific accuracy [67]. The statement about the extinc-

tion of humanity frequently appeared in the answers of secondary school students. Due to the

small number of surveyed schools we assume that many secondary school respondents were

classmates and thus teaching in school promoted this alternative conception. In future educa-

tional programs, a scientifically correct content should be ensured: For instance, if bees went

extinct, food production would be affected and decline, but nevertheless still exist. The human

race would not face extinction because the general pollination of plants is still assured through

other pollination mechanisms, such as anemophily. Instead of only focusing on honeybees as

pollinators, the topic offers the possibility to stimulate learners to think about effects of envi-

ronmental conditions on the plant-pollinator interaction. Hence, honeybees would function as

an exemplary species to explain the functionality of ecosystems in a broader context.

Methodological aspects

This study presented a short, valid and reliable instrument to measure individuals’ perceptions

of bees concerning different aspects. We based a semantic differential on eight word pairs clus-

tered into three factors. Whereas the detected factor danger obviously describes the perceived

danger of bees, the factor conservation & usefulness summarizes willingness to protect bees,

associated with the perception of the animal’s usefulness. Moreover, the factor interest
describes a general interest in bees. Evidence for the content validity is displayed by comparing

experts and novices in Table 4. The beekeepers with more contact, knowledge and experience

with bees, also showed a significantly higher interest, a lower perceived danger and a higher

willingness to protect bees. This result is underlined by the answers given to the open questions

in which the experts showed a significantly different response pattern. Furthermore, the over-

all internal consistency, shown by Cronbach’s alpha, is good (�.79).

One limitation of our study is that we just concentrated on students’ and beekeepers’ per-

ceptions of bees. Since we focus on designing effective educational programs on pollinator

conservation in formal learning settings, knowledge about students’ attitudes is crucial. We

explicitly used a potential bias of beekeepers having an enormously positive attitude towards

bees in order to validate our instrument (content validity) and to get a reference that peoples’

attitudes could be further improved.

Not only formal learning settings should be used to raise awareness for pollinator conserva-

tion, but also all levels of education, such as informal education and other initiatives should be

addressed [7]. Therefore, our validated instrument could be applied in further studies to gather

data about attitudes towards bees or other pollinators. For instance, it would be interesting

and substantial getting aware of a general societies’ attitude towards bees or of other specific

groups such as farmers.

Conclusions

This study is the first one to focus on peoples’ attitude toward bees. Considering the current

and pressing need to conserve pollinating animals, it is crucial for educators to be aware of atti-

tudes toward animals like bees. We found that perceived danger, interest and the willingness

to protect bees are interrelated. Therefore, reducing fear and simultaneously increasing
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interest could be key aspects in educational settings. As the topic “bees as social insects” and

“pollination” are part of nearly all trans-national curricula, we strongly suggest connecting

both issues and additionally consider the following aspects:

First, we recommend a learning approach with an affective focus, since negative emotions

like disgust and fear can be reduced by encountering original objects [25,68]. Generally,

encounters with nature foster feelings of connectedness to nature, which in turn can affect the

willingness to protect nature [69]. Therefore, we recommend learning programs or interven-

tions where students are brought into contact with living animals. Nevertheless, forcing people

with greater fear to handle or touch animals against their might miss the intent and produce

the contrary.

Second, we would like to emphasize the need to teach species identification skills, so that

different hymenoptera genera and species can be differentiated. Thus, experienced insect

stings could be attributed to the responsible species, and hence counteract misattribution.

Third, we recommend focusing on scientifically correct contents in classroom to counteract

alternative conceptions. People should understand ecological interrelations and be aware of

the key position held by pollinating animals.

Our study found that people show more positive attitudes toward conservation of bees than

we would have expected. Besides being quite popular, bees also meet all criteria to be selected

as flagship species as described by Schlegel et al.[70]: According to their criteria, bees (i) are

local species in most parts of the world [71], (ii) are ecological key players because of their pol-

linating service [2], (iii) should be identified for example because of their prominence in most

educational curricula and current media, (iv) but are not explicitly used as flagship species yet,

(v) have a familiar name which is known across all ages and levels of expertise. Consequently,

we strongly propose using bees, for instance Apis mellifera, as a flagship species for local con-

servation of pollinating insects.
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