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Abstract: The quality of botanical education depends on the quality and interests of the teacher. The
aim of our paper was to conduct an initial study on the attitudes of primary and secondary school
teachers about plants and botany. We initiated a study in which 211 biology and 168 teachers of
different subjects, from primary to secondary schools in Croatia, participated on a voluntary basis.
Statistical analysis was processed using jamovi 2.3 software. Teachers of all profiles (biology and
others) had similar attitudes: high opinion about the importance of plants for life and education
but not about school botany; botany was in the middle of their scale for potential exclusion from
education. The last part of the survey referred only to biology teachers and their interests and
suggestions for increasing the attractiveness of botany as a subject. The results showed that botany
was the least popular, and within it, teachers were most interested in ecology and horticulture. They
suggested that botany would be more interesting with active teaching methods and references to
everyday contexts; however, it remains unclear why that is so, as the level of autonomy they are
given does enable them to introduce such changes.

Keywords: botanical education; Croatia; plant awareness; plant blindness; primary and secondary
school teachers

1. Introduction

Teachers are recognized by many as the most important factors affecting the quality
of education (e.g., [1]). The quality of education cannot be higher than the quality of the
teachers providing it, so the only way to improve outcomes is to improve teaching [2]. We
can easily extrapolate these general conclusions by limiting them to a specific subject or
topic within that subject, in our case plants and botany. Teachers” work in the classroom can
be influenced by many factors, such as familiarity with the content, experience, pedagogy,
and finally, their attitude toward a subject, methodology, technology, and the like.

Over the past century, many have repeatedly complained about the low public in-
terest in plants and their insufficient presence in curricula from elementary school to
university [3-7], leading to the “extinction of plant education” in the most pessimistic
scenarios [8]. The most common rationale for the call to prevent “plant blindness” [7] is the
recognition of plants as “amazing organisms” [9] and of their role as key players in some of
the most important environmental issues, such as biodiversity loss and climate change [8].
According to researchers, the education system is both one of the causes and one of the
solutions to this problem, because ignoring flora can work against the ecological balance
and directly hinder the achievement of most of the sustainable development goals [10]. For
an overview of the connections between plant blindness and sustainability, we recommend
the report by Thomas et al. [11], in which the education system is perceived not as an exclu-
sive but as an important factor for a “greener future”. However, there are also concerns
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about recognising the importance of less popular animals and fighting inequality in the
recognition of plants as a means of acknowledging the importance of all living beings [12].

We are not raising the issue of the recognition of ‘plant awareness’ (the term used in
the rest of the text) here [6] as one of the problems facing contemporary biology (botany)
education, but rather the inability of educators to find a solution for it. It would be ignorant
to say that there have been no attempts to interest children in plants. In fact, there have
been many; suggestions have included introducing hands-on activities in the classroom,
visits to botanical gardens, encouraging gardening, growing plants, visits to nature, photo
hunts, and many others [13-15]. However, given the declining interest in botany, these
attempts simply have not worked. Since school is a place where people voluntarily or
involuntarily encounter botanical contexts, we believe that change should start there and
that both botany content and teaching methods should be reviewed. However, in searching
for references, it was found that there was a large research gap, i.e., a lack of references that
address the views, opinions, and attitudes of teachers in plant education.

Therefore, the aim of our research was to investigate the attitudes of primary and
secondary school teachers about plants and botany, first through a preliminary study in
Croatia. The research can be described as exploratory, and no action was taken to change
teachers’ views. However, inferential statistics and structural equation modelling were
used to test certain specific results.

The research questions for which we sought answers, as well as the entire study, can
be divided into three main parts:

(@) In the first part, we aimed to answer the following research questions:

1.  What are the teachers’ opinions about plant knowledge and botany content
in school?

2. Are there differences between these two areas?

3. Are there differences between teachers’ professional groups?

(b) In the second part of the study, we wanted to know teachers’ opinions about their
interest in various biological disciplines. The research question we sought to answer
was the following;:

4. What biological topics are teachers most interested in, i.e., which contents
could be excluded from education?

(¢) In the third part of the research, intended exclusively for biology teachers, we asked
for opinions that could potentially lead to future solutions for improving school
botany. The research questions were the following::

5. What botanical contents are biology teachers most interested in?
6. What should be done to make school botany more interesting?

2. Materials and Methods
2.1. Sample and Sampling

In 2022, an invitation for voluntary participation in the study was sent to all teachers in
primary and secondary schools in Croatia. The final sample of teachers who responded to
the invitation consisted of 211 (55.7%) biology teachers and 168 (44.3%) teachers of various
subjects from elementary to high school (Tables 1 and 2). Among the biology teachers,
156 identified themselves as teachers of biology in elementary school and 55 as teachers
working at general or vocational secondary schools.

Table 1. Share of biology and other subject teachers who participated in the survey.

Teaching Profile Counts % of Total Cumulative %

Biology teachers 211 55.7 % 55.7 %
Other teachers 168 44.3 % 100.0 %
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Table 2. Share of all teachers from different schools who participated in the survey.
Teaching Profile Counts % of Total Cumulative %
Biology teachers 156 412% 41.2%
Primary school
Biology teachers o o
High school 55 14.5 % 55.7 %
Other teachers 60 15.8% 715%
Primary school
Other teachers o o
High school 52 13.7% 85.2%
Other teachers
Vocational secondary 56 14.8 % 100.0 %
schools
2.2. Methods

The respondents accessed an online questionnaire that consisted of three thematic
units mentioned in the research objectives.

To respond to the first part of the study related to teachers” opinions about the knowl-
edge of plants and the content of plants (botany) in school, an instrument from the study by
Sorgo et al. [16] was adapted. The teachers were instructed to answer two questions. They
were then asked to read carefully and tick on a scale what they thought of the following
items: (a) knowledge about plants; (b) content of botany taught in schools. Identical scales
were used in both cases. The adjective pairs used in the study were as follows: boring—
fascinating; uninteresting—interesting; unimportant-important; unattractive-attractive; and
unexciting—exciting. The range of the items in scales was from “0” to “6” (cf. Table 3).

To answer the second part regarding the importance of biological content in schools,
we asked teachers to provide their opinions on which part of biology they would exclude
from biology classes on a seven-point scale, from completely disagree (“0”) to completely
agree (“6”) (cf. Table 4).

To answer the research question about what should be carried out to make botany
more interesting, three questions with multiple items were offered (cf. Tables 5-7), with
a 0 to 6 response format. The possible answers originated primarily from the first hand
experiences of the researchers with their biology education, as well as from earlier studies
searching for answers on how to make biology (science) more attractive [17].

All calculations were made using jamovi (ver. 2.3) software [18]. The statistical
procedures were performed following recommendations in the literature, such as [19-21]
and supporting materials from the jamovi (ver. 2.3) software [18].

3. Results
3.1. Teachers” Opinions about Plant Knowledge and Botany Content in School

The results of the descriptive analyses of teachers’ opinions about plant knowledge
and botany content in schools are presented in Tables 3 and 4 and Figure 1.

From the results presented in Table 3 (Cronbach’s alpha = 0.903; Eigenvalue = 3.61;
% of variance = 74.7) and Table 4 (Cronbach’s alpha = 0.912; Eigenvalue = 3.74;
% of variance = 72.1), it can be concluded that in all cases teachers gave higher and more
positive scores to statements about general knowledge and importance of plants compared
to school botany. On average, the highest scores were given to the importance of plants
(botany) in both the general and school contexts and the lowest to the attractiveness and
appeal of school botany.

The differences between biology teachers and teachers of other subjects were not
statistically significant in most cases, and even when they were statistically significant, the
differences in terms of effect size (r,, = rank biserial correlation) were non-existent or very
small. When comparing opinions between primary and secondary school biology teachers,
the mean responses were found to be slightly higher in lower secondary school teachers;
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however, the differences were statistically insignificant at the 0.005 level in all cases except
for Q2b. Even for Q2b, whether school botany is of interest, the differences were small
(U = 3541, P = 0.045; Cohen’s d = 0.27).

Table 3. Differences in opinions about plant knowledge in school (N = 379) between primary
and secondary school biology teachers (bio; ny;, = 211; 55.7%) and teachers of other subjects (oth;
Noth = 168, 44.30/0).

Code Subj Mean Median Mode SD u P 4p
Knowledge about plants is
Qla: bio 4.84 5 6 1.24
boring—fascinating oth 173 5 P 139 17,293 0.671 0.0243
total 4.79 5 6 1.31
Q1b: uninteresting— bio 4.91 5 6 1.25 17313 0.683 0.0232
interesting oth 4.84 5 6 1.33 ’ ' '
total 4.88 5 6 1.29
Qle: unimportant- bio > ° ° Lz 17,310 0670 00234
important oth 5.13 6 6 1.14 ! ' '
total 5.16 6 6 1.13
Q1d: unattractive— bio 4.36 4 6 140 16.886 0.417 0.0473
attractive oth 4.47 5 5 1.36 ’ ’ '
total 441 5 6 1.38
Qle: bio 429 4 6 142
unexciting—exciting oth 4.34 5 6 1.44 17,252 0.648 0.0266
total 431 4 6 1.43

U = Mann-Whitney U; P = probability; r,, = rank biserial correlation as a measure of effect size.

Table 4. Differences in opinions about botany content in school (N = 379) between primary and
secondary school biology teachers (bio; ny;, = 211; 55.7%) and teachers of other subjects (oth;
Noth = 168; 44.3%).

Code Subj Mean Median Mode SD u P 4p
The contents of botany that are taught in schools are
bio 3.26 3 3 1.22
. 15,641 0.040 0.1176
Qo oth 3.48 3 3 1.24
boring—fascinating
total 3.35 3 3 1.23
bio 3.42 3 3 1.20
- uni o 15,694 0.047 0.1145
Q2b : umnte}*estmg oth 3.64 4 3 1.32
interesting
total 3.52 3 3 1.26
bio 4.31 4 4 1.16
. : _ 17,298 0.679 0.0241
Q2c: unimportant oth 422 4 3 1.44
important
total 4.27 4 4 1.29
bio 3.24 3 3 1.18
Q2d: 15,570 0.035 0.1215
unattractive— oth 3.44 3 3 1.36
attractive total 3.33 3 3 1.26
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Table 4. Cont.
Code Subj Mean Median Mode SD u P 4p
bio 3.22 3 3 1.24
De: 16,119 0.115 0.0906
Qe oth 3.36 3 3 131
unexciting—-exciting
total 3.29 3 3 1.27

» Q2d

U = Mann-Whitney U; P = probability; r,;, = rank biserial correlation as a measure of effect size.

Q2e Q1a

vl Q2b

:f Qib [¢

Q2a Qe

Figure 1. A model presenting relations and path coefficients between teachers’ opinions about
plant knowledge (Endgl) and botany content in school (Endg2); (Qla, Q2a = boring—fascinating;
Q1b, Q2b = uninteresting—interesting; Qlc, Q2c = unimportant-important; Q1d, Q2d, = unattractive—
attractive; and Qle, Q2e = unexciting—exciting).

Based on the minimal differences in opinion between the primary and secondary
school biology teachers and teachers of other subjects, we began to build a CFA (confirma-
tory factor analysis) model. Using this model, a moderate correlation (r = 0.53) between
the two latent constructs was identified. The model had a reasonable fit (SRMR = 0.053;
RMSEA = 0.071 (CI95 = 0.054-0.088); TLI = 0.998). To achieve these fits, constraining was
required between error terms of variables Qla and Q1b in the first latent variable (botany)
and Q2d and Q2d in the second latent variable (school botany)

3.2. Opinions about the Interest in Various Biological Disciplines and/or Necessity of Exclusion of
Biology Contents in Schools

We continued our study by asking all the teachers to express their (dis)agreement with
certain statements asking a question about what should be removed from biology classes
in elementary and secondary schools (this followed chapters from curricula). The results
are presented in Table 5 and Figures 2 and 3.
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Table 5. Measures of central tendencies and differences among teachers regarding the statement
“If T could, I would remove from the curriculum the subject of nature and biology in elementary
and secondary schools”. N = 379; biology teachers (bio; ny;, = 211; 55.7%), and teachers of other
subjects (other; nyy, = 168; 44.3%). The results are ordered by increasing the mean on a scale from 0
(completely disagree) to 6 (completely agree).

Code Discipline Teacher Mean Median Mode SD u P r
Q3a Human biology bio 0.540 0 0 1.44 13,519 <0.001 0.2373
Q3e Ecology bio 0.924 0 0 1.58 14,547 <0.001 0.1792
Q3b Cell biology bio 0.938 0 0 1.62 12,557 <0.001 0.2916
Q3i Genetics bio 1.199 0 0 1.71 12,713 <0.001 0.2827
Q3¢ Botany bio 1.209 0 0 1.71 14,798 0.003 0.1651
Q3a Human biology other 1.214 0 0 1.70
Q3h Physiology bio 1.261 1 0 1.53 13,062 <0.001 0.2630
Q3k Zoology bio 1.284 0 0 1.76 14,382 <0.001 0.1886
Q3j Microbiology bio 1.507 1 0 1.68 11,716 <0.001 0.3390
Q3e Ecology other 1.577 1 0 2.01
Qaf E\‘I’l‘;};ﬁgﬁl 22 bio 1.635 1 0 1.92 16,181 0.127 0.0871
Q3c Botany other 1.643 1 0 1.70
Q3g Human evolution bio 1.730 1 0 1.95 17,011 0.483 0.0403
Q3b Cell biology other 1.804 1 0 1.84
Q3k Zoology other 1.851 1 0 1.84
Q3g Human evolution other 1.857 1 0 1.95
Qaf f\‘/’fﬁ;ggﬁl ;2 other 1.899 2 0 1.90
Q3i Genetics other 2.042 2 0 1.84
Q3h Physiology other 2.095 3 3 1.78
Q3j Microbiology other 2.565 3 3 1.81

U = Mann-Whitney U; P = probability; r,;, = rank biserial correlation as a measure of effect size.

An interesting pattern can be seen when observing Table 5. There are both similarities
and differences between biology teachers and teachers of other subjects. From the results
obtained, it appears that most biology teachers believe that the content of biology at the
subject level should not be cut in such a way that one topic or another is eliminated from
the curricula (median = 0) for most of the disciplines, botany included. When it comes
to individual topics (Table 6), we can see that biology teachers would sacrifice human
anatomy last and human evolution first, and teachers of other subjects would sacrifice
microbiology. There was no difference between teachers of all subjects with respect to
evolution. Botany basically shares the same group with zoology and is in the middle of the
scale in both groups.

Table 6. Analysis of biology teachers’ interest in various biological disciplines (N = 211).

Code Discipline Mean Median Mode SD PC1 PC2 PC3
Q4a Human biology and anthropology 5.28 6 6 117 0.534

Q4i Genetics 4.98 6 6 1.39 0.698

Q4h Physiology 4.70 5 5 1.24 0.456

Qde Ecology 4.65 5 6 1.42 0.752

Q4k Zoology 4.65 5 6 1.32 0.682
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Table 6. Cont.

Code Discipline Mean Median Mode SD PC1 PC2 PC3
Q4b Cell biology with molecular biology 4.62 5 6 1.40 0.883
Q4 Microbiology 4.50 5 6 1.33 0.716
Q4d Cytology 4.24 4 4 1.34 0.812

Q4c Botany 4.19 4 4 151 0.806

Q4g Human evolution 4.18 4 4 1.54 0.956

Q4f Evolution of living beings 417 4 4 1.46 0.845

Cronbach’s alpha 0.816 0.655 0.817

Eigenvalue 3.05 1.94 1.79

% of variance 27.7 17.6 16.3

When biological disciplines are considered a latent variable, according to the reliability
analysis (Cronbach’s alpha = 0.925) and PCA analysis, all biological disciplines formed
a component that explains 59.9% of the variance (eigenvalue = 5.99). A different picture
emerges when examining a latent structure by applying EFA with principal axis factor-
ing with oblimin rotation as a tool to extract the factors. Three factors were extracted,
explaining 67.2% of the variance (factor loadings are not shown). The first factor (explained
variance = 24.9%; Cronbach’s alpha = 0.878) groups variables Q3a, Q3b, Q3c, Q3e, and Q3k
(Figure 2). The second factor (explained variance = 21.8%; Cronbach’s alpha = 0.845) was
formed by variables Q3h, Q3i, and Q3j. The final and third factor retained after parallel
analysis was an evolution factor formed by Q3f and Q3g (explained variance = 20.5%;
Cronbach’s alpha = 0.992).

We continued to examine the latent structure of two parallel models using CFA
analysis. In the first model (Figure 2), where all items were considered as one variable
(Figure 2), the fit indices of the latent variables were SRMR = 0.049; RMSEA = 0.082
(Clys = 0.067-0.099), P < 0.001; TLI = 0.995. However, the two variables on evolution (Q2e
and Q2f) should be constrained.

The second model is based (Figure 3) on factors extracted by CFA and oblimin rotation.
All three factors (latent variables) were highly correlated. However, the model has a
superior fit when compared to the model presented in Figure 1. The fit indices of model 2
(Figure 2) are SRMR = 0.037; RMSEA = 0.050 (Clg5 = 0.031-0.069), P = 0.465; TLI = 0.999.

e T
. T

— @k
Q3c
e

Figure 2. Factor loadings of the single factor model related to the teachers’ interest in different

biological disciplines (codes of the disciplines according to the Table 5).
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Q3g Q3a

Q3f

( i.‘. Q3b 4’

s [ase
0.284 88 0. 25
Q3h Q3k
Figure 3. Factor loadings and correlations between constructs in the three-factor model related to the
teachers’ interest in different biological disciplines (codes of the disciplines according to Table 5).
3.3. Interests of Biology Teachers and Solutions to Increase the Attractiveness of Botany as a Subject
In the third part, questions were specifically aimed at biology teachers with a particular
interest in botany, so only the responses of biology teachers (N = 211) were included in
the analysis (Tables 6-8). In the first section, we asked teachers about their interests in
various biological disciplines. Eleven disciplines traditionally included in secondary school
curricula were included (Table 6).
Table 7. Analysis of biology teachers’ interests in different botany contents (N = 211).
Code Discipline Mean Median Mode SD PC1 PC2
Q5c¢ Plant ecology 4.65 5 6 1.38 0.624
Q5d Horticulture 4.56 5 6 1.50 0.843
Qb5e Plant physiology 4.33 5 5 1.37 0.839
Qbg Geobotany 4.23 4 5 1.52 0.769
Q5f Plant anatomy 412 4 4 1.46 0.871
Q5b Plant morphology 4.01 4 5 1.45 0.772
Qb5a Plant systematic 3.32 3 3 1.71 0.479
Cronbach’s alpha 0.779 0.681
Eigenvalue 2.45 1.90
% of variance 35 271

Based on the analysis of the central tendencies and PCA analysis (Table 6), human
biology was at the top of the popularity scale, followed by genetics and physiology. At the
end of the line is evolution, both general and human, which form a major component of their
own. They are accompanied by botany, which belongs to the more traditional disciplines of
zoology and ecology and forms the second principal component. Cumulatively, 61.6% of
the variance (Cronbach’s alpha = 0.820) can be explained by the scale.
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To explore interests of biology teachers in botany contents, they were asked to mark
their interest in several botanical disciplines on seven-point scales (Table 7).

From the results presented in Table 7, it can be concluded that, for biology teach-
ers, ecology and horticulture are at the top of their interest, and they form a principal
component with geobotany. At the bottom are plant morphology, plant anatomy, and
systematics (taxonomy), which can be considered the traditional botanical core curriculum.
Cronbach’s alpha of the scale is 0.800 and cumulatively explains 62.1% of the variance in
two principal components.

When biology teachers were asked how to make botany more interesting (Table 8),
two principal components were identified. In the first component, there are items that
can be seen as asking for more active strategies, methods, and forms in teaching biology.
The second component contains items that deal with the digitalization of teaching and
competitions. Cronbach’s alpha of the whole scale is 0.821, and 61.6% of the variance can
be explained.

Table 8. Analysis of teachers’ suggestions on how to make school botany more interesting (N = 211).

Mean Median Mode SD PC1 PC2
Q6c Connect teaching content more with everyday life 5.61 6 6 0.829 0.879
Q6b Conduct more field classes with workshops in nature 5.55 6 6 0.901 0.922
Qba Carry out more practical work in class 5.36 6 6 1.035 0.826
Qo6g Add more interesting botanical content in teaching materials 5.27 6 6 0.969 0.621
Q6d It is mandatory to involve students in e)ftracurricular activities 483 5 6 1.356 0.532

(flower growers, cooperatives ... )
Qée Use more video materials about plants in the lessons 4.50 5 5 1.371 0.713
Q6h The inclusion of more IT.in learning and teaching botany 415 4 5 1.59 0851
(applications, games ... )

Qof More group work 4.13 4 3 1.525 0.612

Qe6i Organize competitions in botany 3.67 4 6 1.898 0.705

Cronbach’s alpha 0.832 0.729

Eigenvalue 3.18 2.36

% of variance 35.4 26.3

4. Discussion

As far as we know, there aren’t any comparable studies on views about plants and
school teaching of botany from the perspective of biology teachers, as well as teachers
of other subjects as in the first part of the study. The latter were the control group as a
reflection of social pressures and normative beliefs which then influence perceived and
actual behaviours [22,23].

The study provided several findings that can serve as a starting point for further,
more detailed studies as well as a basis for evidence-based interventions. This assertion is
supported by the values of Cronbach’s alphas, which in most cases showed adequate values,
and by PCA analyses, which showed principal components and component loadings that
can be used to explain the maximum percentage of variance. In addition, CFA models at
the latent variable level revealed the possible constructs to be explored. In analysing the
answers, however, we could see patterns in some cases that fit what is already known as
well as patterns that are confusing and raise more questions than answers. In the following
text, we will try to comment on all the research questions.

Several conclusions can be drawn from the analysis of the responses to the first part of
the study on teachers” opinions about plant knowledge and botany content in school, the
differences between these two areas, and the two cohorts of teachers. The most important
finding is that the concepts of “plant blindness” [7], “plant awareness” [5], and similar ones
cannot be inferred from elementary and secondary school teachers’ opinions about general
plant knowledge because the means, medians, and modes in both groups (biology teachers
and teachers of other subjects) were high. This result indicates that most teachers find
knowledge about plants fascinating, interesting, important, attractive, and exciting, which
are not descriptions for plant blindness. The differences between the two groups were not
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statistically significant; this is surprising since a difference in favour of biology teachers
was expected. The results cannot be compared with the results of other studies because
we could not find any. However, according to our results, we can say that the “extinction
of plant education” [8] was not due to a lack of public interest in plants. On the other
hand, if plant awareness is considered a synonym for a lack of interest in the university
botany curriculum, the fears may be justified, but based on our results, we cannot say
that teachers of all subjects were not interested in and/or unaware of plants in their daily
routine. Without appropriate studies, we can only speculate about the applicability of our
results to a broader public or university level. In our opinion, plants are generally ignored
in the same way that other living things in the environment are overlooked [24-26].

While we can say that, on average, teachers have a high opinion of plant-related topics,
the same cannot be said about school botany. In all aspects measured by a five-item scale
(Table 3), there is a significant drop, sometimes by as much as two points, on a seven-
point scale. School botany, while still considered important by the majority, is no longer
considered exciting or attractive. It was interesting to note that the differences between
biology teachers and teachers of other subjects were small in terms of effect sizes, and even
here it was surprising that non-biology teachers considered the subject more attractive than
their biology colleagues. Following the observations of Tranter [27] and Prokop et al. [28],
we can simply conclude that plants and knowledge about them are positively valued but
school botany is not. Even more so, it is the opposite of what it should be.

When asked about a part of biology that should be eliminated from the curriculum,
differences emerged both between the two groups of teachers and between the biological
disciplines within a group. In general, biology teachers are less likely to remove something
from the curriculum; however, it appeared that some disciplines (e.g., human biology) were
more strongly supported by biology teachers than physiology, zoology, and microbiology,
and ecology was more strongly supported by others than the evolution of living beings,
which was second even to botany (Table 6). We see that biology teachers would sacrifice
human anatomy last and human evolution first, whereas teachers of other subjects would
also sacrifice human anatomy last and microbiology first. It is interesting to note that
there was no difference between teachers of all subjects with respect to evolution. Botany
shares basically the same group as zoology and is in the middle of both groups. It can be
concluded that botany is probably not the most popular subject, but there are many subjects
that are less popular. Based on the responses, three factors were extracted. The first factor
(explained variance = 24.9%; Cronbach’s alpha = 0.878) groups the variables human biology
(Q3a), cell biology (Q3b), botany (Q3c), ecology (Q3e), and zoology (Q3k). All disciplines
form the traditional core curriculum of biology, so we cannot say that botany differs in a
good or bad way from the other disciplines. The second factor (explained variance = 21.8%;
Cronbach’s alpha = 0.845) was formed by the variables physiology (Q3h), genetics (Q3i),
and microbiology Q3j. All three disciplines were in the lower range of popularity. The
final, third factor retained after parallel analysis was an evolution factor formed by Q3f
and Q3g (explained variance = 20.5%; Cronbach’s alpha = 0.992). Knowledge about the
attitudes and knowledge regarding evolution are among the most frequently studied topics
in biology and belong to a group of controversial educational topics [29]. There is no better
explanation for the low status of evolution among biology teachers than the fact that even
some biology teachers have problems accepting it in the sense that “nothing in biology
makes sense except in the light of evolution” [30]. The other explanation, i.e., that it is the
most difficult subject that crosses the boundaries between disciplines, is another plausible
explanation, but teachers of other subjects (where evolution is not a part of the programme)
share the same low attitude towards evolution. The issues raised need to be explored in
more detail in follow-up studies. Based on the results, we cannot say that botany is in any
way endangered. However, if interest in it is to be stimulated, one of the likely solutions
might be to connect botanical topics more closely with more popular biological disciplines,
e.g., ecology and human biology.
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Following the idea that teachers are, at least theoretically, the most important determi-
nant of school quality, we focused our research on them as they can shape and influence
classes and, through the methods they use, affect students” knowledge, skills, and attitudes
toward botany. Since botany is composed of several sub-disciplines, we asked biology
teachers about their interest in these subjects. From the results presented in Table 7, we can
conclude that at the top of biology teachers’ interests are plant ecology and horticulture,
and they form a principal component with geobotany. At the bottom are plant morphology,
plant anatomy, and systematics (taxonomy); these can be considered to form the traditional
core botanical curriculum. The results can be used not as much to change topics about
plants but to link them into operational units. For example, horticulture, where teachers
can express their interests and knowledge and which is not part of the official curriculum,
can serve as a vehicle to teach students systematics and plant anatomy in an ecological
context. Through some speculation, we can extend the results to university level, where
horticulture is mostly not part of the curriculum in biology departments. This may be
reflected in a top-down manner in pre-university levels of education.

Looking for an answer to the question of how to make botany more interesting, we
obtain responses that point to active teaching methods, linking school biology to everyday
contexts, and the like. Interestingly, there was less preference for methods that promote
digitization of botany or support competitions. We can only (dis)agree with teachers and
relate their views to findings in the literature [31-33]. However, from the results of our
study, we cannot infer why they do not use active methods in their teaching, as their use
falls within the realm of teacher autonomy and professionalism. We can only conclude that
our findings are not the end, but rather a beginning that requires a next step in research,
as several authors have already suggested [10-12]. Perhaps, one of the solutions to the
problems of plant awareness [6] and synonymous terms [10] will be to stop lamenting
about it and start thinking about life consciousness directed towards all living beings in
terms of the ecocentric ethic [12,34].

Finally, we have to say that the study and conclusions drawn from data can be biased
in several ways. The first and the most severe bias can be a result of the respondents’
self-selection, because the call for participation was general and addressed to all teachers.
No benefits or consequences were foreseen to those who answered or those who did not.
For this reason, we can only speculate that they had the same experiences and opinions and
acted in accordance with those who did not respond or to different populations. However,
it is impossible to compensate for this possible weakness in the study design. The second
bias may be instrument bias, whereby some of the factors that may also be important are
not included in the study. However, even if it may be of interest, we have not collected
on purpose all the data that could be identified as personal or lead to the violation of the
anonymity of the respondents. The third bias could be the content validity of the model
and the constructs included. However, we have tried to avoid these by adjusting the
instruments tested and carefully reviewing the constructs.

5. Conclusions

Regarding the first three objectives of the study, we can see that among the teachers
who participated in this initial study, regardless of the profile of the subject they teach
(both biology and other subjects), similar attitudes prevail towards botany in everyday
life and in the classroom. All had a high opinion of the importance of plants and botany
for life and education but not of school botany. Therefore, botany is still in the middle of
all teachers” opinions, which is a response to objective four. Objectives five and six were
met by analysing biology teachers’ attitudes and interests and suggesting ways to make
botany more attractive as a subject. Still, within botany, teachers were most interested in
ecology and horticulture. They suggested that botany would be more interesting with
active teaching methods and references to everyday contexts. However, it remains unclear
why this is so, as the level of autonomy they are given allows them to introduce such
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changes. Another outcome of our research was the validation of the instruments (scales)
used in the study, which can be used in further research.
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