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Abstract: This study aims to assess learning outcomes and identify students’ misconceptions in 
plant classification. We conducted a questionnaire survey with undergraduate and master’s 
students. The qualitative analysis of the students’ responses made it possible to shed light on the 
difficulties of assimilation of many notions and also to identify the different misconceptions 
constructed during their learning courses about plant organisms. The findings indicate that some 
students are not motivated to take the course on plant classification. This demotivation is reinforced 
further by students’ perceptions of plant classification, especially that it is not important and not 
useful for learning other biology specialities. The findings also show that more than half of the 
students who participated in this study consider plant systematics a difficult subject. We also note 
that some of the students surveyed seem not to have acquired many concepts of plant biology 
including concepts related to the biology, reproduction and evolution of plants. Thanks to this, we 
could see different types of problems in plant classification, which constitute misconceptions 
hindering learning. Initial training in plant biology does not appear to have a significant effect in 
modifying students’ misconceptions related to plant classification. 
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1. Introduction 

Biodiversity is the basis of human life. Increasingly established in urban areas, human 
populations largely ignore the extent to which their economic, social and cultural well-being is based 
on strong and resilient ecosystems characterized by a rich diversity of species. Lack of awareness can 
lead to practices that overexploit natural resources and damage biodiversity [1,2]. Raising awareness 
about the role of biodiversity in ensuring environmental sustainability, economic prosperity and 
social and cultural well-being will contribute to the improvement and effectiveness of sustainable 
development actions, including ways to develop sustainable development behaviours and 
sustainable consumption and production at both local and global levels [3,4]. 

The concern about the loss of biodiversity and the ethical issues related to its sustainable use 
remain at the heart of education for sustainable development [5–7].Numerous studies have shown 
that the most effective lever for preserving biodiversity lies in education and training [8–11]. In this 
sense, biodiversity education, from primary school, is a major challenge. The child but also the future 
citizen that it is, will really understand the need to protect biodiversity only if it develops a rational 
approach. That is to say if he understands that humans are part of nature and that his activities must 
take into account the needs of humanity but without depleting the ecosystems that must be preserved 
for future generations of living beings, whatever they are [8,9]. Biodiversity should be included in all 
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teaching and learning projects, curricula and teaching materials [12,13]. The learning outcomes 
sought should cover theoretical understanding, value-building, skills development and the adoption 
of attitudes conducive to the preservation of biodiversity. Quantification of the effect of education 
studies attempting to quantify the effect of formal education on biodiversity conservation agree that 
it has a beneficial effect [14]. For example, one study estimated that between 4 and 21.5 percent less 
annual area of old growth forest was cut per household for each additional year of education that the 
household head received, depending on the society being studied [15,16]. The effect however, is non-
linear and there is a turning point when the returns from education decrease [16,17]. The positive 
influence of education also depends on the type of conservation being carried out. For example, 
Gotmark, in a study in Sweden, show that education contributes to the conservation of mature trees 
but not to the planting of saplings [18]. 

Teachers should prepare students to face the real problems they will encounter on a regular basis 
in their efforts to sustainably manage the biosphere and integrate biodiversity conservation with 
other societal goals [19–21]. 

In addition, to preserve plant and animal species, we must first know them, know their biology 
and know how to identify and classify them. 

For centuries, biologists have worked on classifying organisms in a way that would help to 
clarify the relationships between species over time and in different environments. In trying to delimit 
the order of living beings on earth, they faced a complex mission. Some estimate that 5 to 40 million 
living species inhabit Earth lands and waters. So far, scientists have managed to classify and name 
only about 1.6 million species, including about 300.000 plants [22]. 

Plant classification has undergone very important changes throughout history. In fact, at first, 
the classification of plants was first based on their utility (food property, therapeutic property) and 
then on their morphology (organization and arrangement of the different floral parts, reproductive 
organs ...). They are now based on the search for common ancestors (phylogeny or cladistics) thanks 
to effective methods of analysis (molecular biology, sequencing of genes ...). Plant taxonomy teaching 
is an important part of botany in universities and is the focus of all the reforms of this branch of 
education [23,24]. In order to eradicate the existing problems in plant taxonomy teaching, some 
reforming measures have been put forward. Some of them focus on innovation in this field, the 
teaching content, the student teacher’s rapport or the reduction of teaching time [23,24]. Others put 
emphasis on the adequacy of theoretical backgrounds and practical activities [17,25]. 

However, literature shows that many student misunderstandings about plants and their 
classification continue to exist [26–31]. Thus, research has shown that many children aged 10 to 12 do 
not perceive plants as living beings. Many children from this category think that they come from 
shops or that wild flowers grow in the fields only because humans plants them or because they are 
parts of land [32–34]. Secondary students (13–15 years) even noted that they do not consider plants 
as living things [35]. Other studies have shown that elementary and secondary students have 
problems in classifying and understanding the diversity of living organisms [32,36]. To study 
misconceptions about classification most of these studies were conducted among students in 
elementary and high school. A common finding of these studies shows that students’ conceptions 
about plants are unscientific. The main misconceptions reported in these studies are that students 
establish a direct link between some seedless plants and invasive plants, vascular plants and non-
vascular plants, gymnosperm plants and angiosperm ones [35].  

Students tend to classify plants according to recognizable characteristics (green colour, growing 
in the soil ...) and different parts of the plant (stem, leaves, flowers etc.). For example, about half of 
the students in one study classified a fungus as a plant because its stem resembles the stem of a plant 
[32,37,38]. Students may also not consider trees as plants. However, this may be due to students’ 
limited skills in classifying rather than misunderstanding plants. Other researchers have found that 
when classifying animals, elementary students tend to use mutually exclusive groups rather than 
subsets of a larger group. This can also apply to plants [38].  

As far as university students are concerned, there are few studies about them [39,40]. Yangin   
who was worked on future teachers found that almost all participants in his study confounded fungi 
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with plants and linked some gymnosperm plants to angiosperm ones [37]. Misconceptions could be 
acquired from students’ own experiences in life before they enter school, through media, textbooks 
or due to the bad quality of teaching [37]. 

If science education is to instil in students different biological concepts such as the living things, 
plants, animals; then it is essential to identify the erroneous or alternative conceptions of these 
concepts and to plan teaching activities which reinforce or question their previous conceptions 
[41,42]. This approach based on the identification of students’ alternative conceptions and their use 
in teaching activities has been tested in science teaching, thanks in particular to several research 
works [42,43]. Studying students’ conceptions about plants and classifying them helps to have an 
assessment of the state of knowledge and then remedies and adjustments needed to be applied on 
teaching methods [37]. 

The present study aimed at evaluating learning of plant classification in Moroccan universities 
by analysing the achievements of students and identifying their misconceptions about plants and 
their classification. Thus, the research questions examined in this study are as follows:  

1. What are the students’ perceptions of the interest and importance of plant classification? 

2. What are students’ knowledge about plants and their classification? 

3. Are students’ conceptions about plant classification consistent with science? 

2. Materials and Methods  

2.1. Contents Related to the Plant Classification in the Science Program at the University (Life Sciences 
Section) 

As far as Life Sciences section is concerned, among the 24 modules that make it up, some are 
related to plant classification. These modules are taught in lecture, tutorial and practical works. Table 
1 shows the distribution and content of these modules during the three years of the Bachelor studies. 

Table 1. Distribution of modules related to plants and their classification during studies of Bachelor’s 
degree. 

 Modules and content 

High School 
Diploma 
+1 year 

Cell Biology module:  Acquisition of basic notions about the structure and functions of plant and 
animal cells components (28 hours of lectures and 15 hours for tutorial and practical works). 

Plant Biology module: The basics of lower and higher plants. -General characteristics of 
Thallophytes. General characteristics of Cormophytes., -Algae -Organization of Phanerogams 

(vegetative and reproductive system) -Introduction to the histology of Angiosperms. (24 hours of 
lectures, 6 hours of Tutorial works and 15 hours of practical works). 

High School 
Diploma 
+2 years 

Plant biology and physiology" module: It focuses in depth on various fundamental aspects of plants 
and their relationship to the environment. (12 hours for tutorial works and 30 hours for practical 

works). 

High School 
Diploma 
+3 years 

In semester 5, which is the common core for the BCSs of all specialties: 
Biology of Organisms and Ecosystems (plant kingdom): theoretical and practical basics of botanical 
systems. It allows students to become acquainted with the flora especially with groups of regional 

importance. (26 hours of tutorial work and 20 hours of practical works). 
Biosystematics Module: History and principles of the classification in the plant kingdom and the 
classification and evolution of large plant groups. The practical work deals vegetative, floral and 

fruiting organs of species belonging to the main families in the region. 
Plant Ecology module: (20 hours of lectures and 4 hours of tutorial works and 6 hours of practical 

works. 
All in all, we can conclude that the surveyed students study at least three modules about plants, 

including at least one devoted to the systematics. 

2.2. Research Design  
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In order to study knowledge and misconceptions related to plant classification among university 
biology students, we used a survey research design. These research methods are suitable for this 
study because types of misconceptions and perceptions are the key variables of this study.  

2.3. Population and Sample 

2.3.1. Population 

The study population is made up of students from some Moroccan universities: (Faculty of 
Sciences Ben M’Sik-Casablanca (254 students), Faculty of Sciences Ibn Zohr-Agadir (190 students), 
Faculty of Sciences Fes (201 students) and Ecole Normale Supérieure Marrakech (92 students).  

2.3.2. Sample 

Our sample consists of 737 students. The gender ratio of study participants was 63.2% female to 
36.8% male. The average age of students is 22.05 years (± 2. 10). The sample covered the following 
university levels: High School Diploma + 2 years (277 students), High School Diploma + 3 years 
(Bachelor of science degree) (266 students) and 194 studying for the master’s degree. Students are 
categorized by specialty of studies as follows (Figure 1). 

 
Figure 1. distribution of students by specialty of study. 

All of the students of the sample had completed two years of study in the Life Sciences section. 
So, they had studied the following modules: Cell Biology, Plant Biology1, Plant Biology and 
Physiology, Biology of organisms and Ecosystems and Biosystematics. 

2.4. Ethical Approval and Data Collection 

The authorization to survey students was obtained previously from the institutions concerned. 
The survey was introduced by explaining the purpose and goals of the study. Participants were asked 
to participate and were informed of the guarantee of the anonymity. Participants are also informed 
that they can refuse to participate in the survey and that those who give their consent are invited to 
complete the questionnaire. The survey was administered on paper. This was more time-consuming 
than electronic surveys but this method was chosen to increase response rates.  

2.5. Survey Instrument 
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The survey instrument (see Appendix) was developed using student misconceptions identified 
in the literature [29,35,37–39,44–46]. The knowledge questions were graded taking into account the 
orientation of the content of the curriculum of plant biology at university in Morocco. 

The survey instrument was pre-tested on a sample of 30 students from Semlalia faculty of 
Sciences (these students have not participated in the final survey). Items are written in French. The 
best formulation was selected during a consensus meeting with content knowledge and French 
language experts. 

The validity of the instruments was established by subjecting the instruments to the expert 
judgment by experts in the field of plant biology and didactics of biology in the departments of 
Biology and Sciences didactics in the Ecole Normale Superieure. 

In order to ensure reliability of the instruments, reliability coefficient was computed using the 
Cronbach Alpha method of reliability to establish internal consistency of the instrument. In this case, 
the level of significance in which the instruments were adjudged reliable was at 0. 74. 

Nine hundred copies of the questionnaire were distributed according to the available means and 
access conditions (return rate was 81.9%). Participants completed the questions individually. The 
identity of the participants remained anonymous. 

The questionnaire has 135 questions. The survey questions were classified into four sections to 
facilitate understanding of the questions and to avoid any possible ambiguity (in this article, we treat 
a part of the questionnaire (see Appendix for the full questionnaire). The questionnaire allows the 
collection of information on the following elements: 

- Students background information about their age, sex, level of education. 

- Student perceptions about the difficulty and importance of plant classification learning 

- Students opinions about plant classification teaching and learning methods  

- Student knowledge and conceptions about plant and their classification. 

3. Results 

3.1. Marks Obtained in Plant Classification and Plant Biology  

Generally, the marks obtained by the students in plant biology course are better than those 
obtained in plant classification course. In plant classification course, 1/3 of students report having 
lower than average (10/20 that correspond to “grade B” or “satisfactory” in English school marks 
system) and grades of 2/3 of students are between 10 and 15/20 (“grade B to A- in English school 
marks system “). In plant biology course, only 1/6 of students scored below average while about 5/6 
of them scored above average. 

3.2. Students Perceptions of Level and Causes of Difficulty in Plant Classification Learning 

More than half of the students (53%) consider plant systematics a difficult subject and 1/3 (36%) 
consider it to be moderately difficult. The majority of students (59%) state that the difficulty of 
learning plant systematics is due to Latin nomenclature; 1/3 of students say that the nature of this 
subject is complex and difficult and more than 1/5 of students state that this difficulty is due to 
teaching (methods, program, number of teaching hours, ...). 

3.3.  Perceptions of Students about Plant Classification Importance 

Three out of four students said that plant systematics is important (74.2%) while one out of four 
considered it to be a little or not important discipline (25.8%). 

We found that 23% of students state that the use of taxonomic knowledge and knowledge about 
plant systematics and flora in other subjects of biology is low, while 41% of them consider that this 
use is moderately important and only 36% think this use is very important. 

To implement practical actions to improve species classification skills, students must first be 
aware of their importance and be motivated to develop them. However, a significant proportion of 
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students think that plant classification knowledge is not important in other disciplines of biology. 
Therefore, any measures to improve plant identification and classification skills must take into 
account the reasons why some students are willing to acquire plant identification skills and why 
some think they are unimportant in biology. This is a line of research that needs to be developed 
further by other more qualitative research techniques. 

3.4.  Perceptions about Learning Methods 

Figure 2 present students’ responses relatives to their perceptions about plant classification 
learning and their interest to it. 

 

Figure 2. students’ perceptions about plant classification learning. 

We can notice that almost two out of three students find this subject interesting (70%). Half the 
students state that they learn by memorization and rote learning rather than comprehension. 

3.5. Perceptions of Students Regarding the Definition of Plant Classification 

In Figure 3, questions Q89 and Q90 define classification in the phylogenetic context.  

 

Figure 3. Students’ definitions of plant classification. 

Nearly half of students (44.2%) consider that plant taxonomy determines "which plant is close 
to other,” whereas 37.5% of students’ conceptions related to plant taxonomy were related to an 
evolutionary problem. The majority of past species remain intact and fossilized. Phylogenetic 
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rather than understanding them

Q57 Group activities and exercises allow me to understand
better

Figure  2 : Students' perceptions about plant classification learning
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Q89 The plant  taxonomy is to determine "which
is close to which
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Q97 The classification of living beings considers
current species and fossil species in a similar way

Figure 3 :Students’ definitions of plant classification

Agree Disagree I do not know

percentage of responses



Educ. Sci. 2019, 9, 48 7 of 21 

classification takes them into account comparing them with current species. Hence, it can link 
relatives by defining their attributes and using the relevant traits. Almost two out of five students 
(39.3%) think that the classification of living beings does not consider current species in a similar way 
to fossil species. Students seem to think that current species are more important in taxonomy than 
extinct or fossil species because of the characters needed for identification and classification 
(morphological, anatomical, biochemical or genetic characters) are easier to use in current species 
than in fossil ones (especially for DNA-based identification).Similarly, 49.9% of students think that 
plant taxonomy’s main objective is to classify plants and sort them, thus expressing functionalist 
conceptions without referring to evolutionary aspects. 

3.6. Perceptions of Utility of Plants’ Classification 

In Figure 4, we notice that the majority of students (69.52%) are motivated to learn how the plant 
species studied are useful. Just as 60.14% of students consider that, a species of medical use is more 
important than other species without medical use. Moreover, a large number of students consider 
that knowledge of plant species serves only to know their food and medical uses (40.16%) or to know 
their ecological importance (33.47%). 

 

Figure 4. Students’ perceptions of importance of plants and their classification. 

3.7. Perceptions of Students Related to Plant Classification Objectives 

The majority of students surveyed are aware of the relationship between plant classification and 
understanding of biodiversity (79.22%) and its preservation (77.64%) (see Figure 5). Also, they 
understand the importance of teaching classification even though there is an increasing decline in 
many species (72%). However, only 64.30% of students surveyed understand the importance of plant 
classification for understanding plant unity. Moreover, almost one student out of three (36.28%) 
thinks that the main objective of plant classification is to make herbaria and enrich gardens. 

0 20 40 60 80 100
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Q99 Higher plants are more important than other small plants.

Q110 In a natural environment, a species of medical interest is
more important than the others.

Q115 Recognizing plant species serves only to know their food
and medical use as well as to reduce hunger in the world

Q118 Recognizing plant species serves only to know their
ecological importance

Figure 4  : Students’ perceptions of importance of plants and their    classification

Agree Disagree

percentage of responses
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Figure 5. Students’ perceptions of interest of plant classification. 

3.8. Students’ Knowledge about Reproduction 

The results are presented in Figure 6 below: 

 

Figure 6. Students’ knowledge about plant (Reproduction). 

Despite the fact that double fertilization is part of the studied notions in the unit of sexual 
reproduction in plants (at the level of secondary education and university), almost one out of three 
students declare that they are unable to understand this concept (30.94%). The same goes for the 
notions of sexual and asexual reproduction of plants (28.70%). We also noticed that about two out of 
five students think that most plants are self-pollinating (41.24%), one out of five students declare that 
most plants are monoecious (20.71%) or that all plants are diploid (14.19%). 

We also noticed that more than three out of ten students could not answer questions Q87, Q96 
and Q106 (42.4% for question Q87, 29.3% for Q96 and 30% for question Q106). These questions 
concern notions relating to plant reproduction (place of the gametophyte and sporophyte phases in 
the life cycle of angiosperms, autogamy reduces diversity in plants) or to histology that are poorly 
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Figure  5 :Students' perceptions of interest of plant classification
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understood by the students. About 30% of the students surveyed think that autogamy favours plant 
diversity and that the gametophyte phase is not reduced in the development cycle towards 
angiosperms (30%) or that plant tissues have a low number of differences (41.8%). These notions are 
nevertheless taught in courses of plant biology and plant classification . 

3.9. Students’ Perceptions about Plant Evolution (Phylogeny) 

The results are presented in Figure 7 below: 

 

Figure 7. Students’ knowledge about plant (Biology). 

It can be seen that a few students were not able to correctly answer questions related to notions 
they had already studied. Thus, 38.8% of students surveyed believe that all plants contain chlorophyll 
or that tracheids are less advanced than phloem and xylem (43.99%). 

Similarly, 23.58% of students do not know the order of evolution within the plant kingdom; 
others seem to refute the existence of evolution in the plant kingdom (26.74% of students). 

3.10. Some Misconceptions İdentified Among Students.  

The main misconceptions identified among students are presented in Figure 8 below: 
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Q61 There was an evolution in the plants kingdom.

Q71 There are single-celled plants in nature

Q72 There a kinship between plant species

Q73 Some species have fossil ancestors

Q79 All plants contain chlorophyll

Q80 There are fossil plants

Q81 The evolution is in the order : Algae- bryophytes- pteridophytes-
gymnosperms- angiosperms

Q82 All male and female plants are identical

Q83 All plants are green

Q88 Tracheid are less evolved than phloem and xylem

Q105 Only the most advanced plants have well-differentiated organs.

Q109 A more evolved species does not mean that all its taxonomic characters
are the most evolved

Q126 Green algae, red algae, and brown algae share one common ancestor

Figure 7 : Knowledge about plants (Biology) Agree Disagree

percentage of reponses
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Figure 8. Some misconceptions identified among students. 

Almost four out of ten students (39.9%) could not answer questions related to notions they had 
already studied. 

4. Discussion 

More than half of the students who participated in this study consider plant systematics a 
difficult subject. Among the causes of this difficulty mentioned by the students we find Latin 
nomenclature used to name the species or the nature of the discipline itself because it involves other 
disciplines of biology (plant biology, cell biology, histology ...). Faced with the task of classifying 
plants, students had to mobilize knowledge they had studied previously during their school 
curriculum (morphological and anatomical characters to differentiate taxonomic entities, floral 
diagram, floral formula, reproduction in plants, etc.) This constitutes an obstacle difficult to overcome 
because of forgetting or non-assimilation of this knowledge. Other students incriminate the methods 
used in teaching the taxonomy because they favour memorization at the expense of reflection and 
comprehension. Traditionally, plant classification courses focus on transmitting knowledge to 
students through identifying and naming plant species. This acquisition of knowledge by 
memorizing facts, naming, describing and identifying constitutes basic skills according to Bloom’s 
taxonomy. While knowledge and comprehension are central skills to learn in plant classification 
coursework. 

The fact of not diversifying the contexts of teaching (practical work to study some plants, scarcity 
or absence of study outings to fields) also boosts the weakening of motivation of students to study 
this subject. Moreover, numerous studies have shown that, in the school context, to guarantee an 
effective learning and academic success students must be well motivated [47,48]. This demotivation 
is reinforced further by students’ perceptions of plant classification, especially that it is not important 
and not useful for learning other disciplines of biology. Demotivation problems are usually 
associated with learning difficulties. Students feel incompetent in the study of plant classification. 
This feeling of incompetence will negatively impact students’ motivational dynamics and academic 
success [47].  

The students surveyed herein define the plants classification in different ways. Thus, almost half 
of them assert that plant taxonomy’s main objective is to determine "which species is close to which.” 
This is a classification with a phylogenetic aspect. A phylogenetic classification responds to a 
historical problem and is part of the evolutionary paradigm [49]. In the context of phylogenetic 
thought, the problem is: Which taxon is the closest to which in terms of evolutionary history? A 
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Figure 8: Some misconceptions identified among students
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phylogenetic group is monophyletic and gathers related species having an exclusive common 
ancestor. It is this principle that underpins the current conception of phylogenetic classification and 
which is translated schematically by representations in the form of a phylogenetic tree. Therefore, 
grouping organisms sharing the same evolutionary origin does not requires taking into account all 
similarities but those inherited from a common ancestor [48]. Some students also think that plant 
taxonomy is limited to classifying plants. Thus, this view reduces the taxonomy to the use of a tool 
to sort species ignoring its other functions of classifying, describing and naming the species. These 
functions complete the definition of the classification. These confusions concerning the definition of 
classification must challenge us in the effectiveness of the current teaching of the classification of 
plants and the living beings in general. This way of teaching must be renewed by making profound 
changes [50,51].  

Some searchers propose that plant classification should be transit from a traditional passive 
lecture format to an active-learning curriculum, with focus on student-centred pedagogies such as 
collaborative in-class group work and discussion to increase student engagement [52,53]. Some of 
proposed activities include student-led field presentations of plants and individual research, while 
incorporating several platforms for introduction and review including discussions on problem 
solving and games and online tools and mobile applications [52,53]. Also, doing field trips makes 
students more motivated to learn botany and plant classification activities. The field environment is 
essential for exposing students to live plants in their habitat. Thereby they can better understand 
phenology and diversity within a single species, morphological variation through space and time 
and developmental stages of the plant [23,52,53]. 

Nearly three quarters of students say they learn more when the plant species studied are useful 
and especially when it comes to a species of medical use. Some of students surveyed think that 
recognizing plant species only serves to know their food and medical uses to reducing hunger in the 
world. This is a utilitarian vision that results from a human-centred ethic [50]. This anthropocentric 
vision states that all natural resources are at the unconditioned disposal of humanity. It is therefore 
important to know how to increase students’ motivation to learn techniques of identification of plants 
that have no practical use or cultural significance. It can also be noticed that textbooks in Moroccan 
secondary schools often include higher plant species (tree, shrub); thus, students become familiar 
with species with large sizes. It is also noticed that despite their university education, there are 
students who believe that higher plants are more important than other lower plants. These students 
neglect the ecological and utilitarian importance of lower plants, reflecting a macro-centric view that 
focuses only on large-scale terrestrial plants. 

In addition, the majority of students surveyed are aware of the relationship between plant 
classification and understanding of biodiversity and its preservation. Indeed, to monitor the 
evolution of this biodiversity and safeguard it, the identification of all species is essential. However, 
almost two-fifths of students reduce the objective of plant classification to herbaria and enriching 
gardens. 

In functional classification, the characteristics associated with reproduction cause difficulties for 
the students. Concepts such as double fertilization or sexual and asexual reproduction are poorly 
understood by students, despite the fact that these notions are studied in both secondary and 
university education. 

In relation to plant reproduction ways, we can identify several misconceptions such as: the 
majority of plants are allogamous, monoecious and diploid; autogamy favours the diversity of plants; 
male branches and female ones are always separated; the gametophyte phase is not reduced in the 
development cycle towards angiosperms; there is a weak difference between plant tissues; all plants 
come from seeds; all plants are green. These results have been found in other studies on students’ 
conceptions about plants [32,37]. 

In another setting, over a quarter of students seems to do not believe in plant evolution. 
Evolution is seen as an important theme that brings to the school a broader perspective of natural 
phenomena and the nature of science. Research has shown that the teaching of theories of evolution 
has not had a positive impact on understanding and acceptance of evolution in different countries of 
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the world [54–56]. Students do not understand the theories of evolution correctly. They believe that 
evolution has been primarily related to the human species. These misconceptions are not only related 
to teaching methods and cognitive abilities of students but also to the evolution of factual knowledge 
and epistemological barriers that could be the result of a process of social reconceptualization of 
knowledge offered to students [54,55].  

As for the structures and conductive tissues, more than two out of five of the students questioned 
do not consider that the tracheids are less evolved than the phloem and xylem which characterize 
gymnosperms and angiosperms. Tracheids are low-skilled conductive structure present particularly 
in Pteridophytes. The plants are divided into vascular and non-vascular groups. Vascular plants 
(pines, ferns, corn, etc.) have tubes called xylem and phloem to carry water and food throughout the 
plant. In contrast, non-vascular plants (e.g. mosses) do not have these tubes and transfer food and 
water from one cell to another [29,35]. 

It seems that other notions of botany are not understood by students such as the fruit and the 
flower and their use as important characteristics in the classification of plants. Vascular plants are 
divided into three main groups: angiosperms, gymnosperms and ferns. Angiosperms produce fruits 
and flowers, gymnosperms have parts of seeds in cones (pines) and ferns are the third most important 
type of vascular plants and they have no flowers, no fruit and no seeds. Angiosperms are flowering 
plants. Gymnosperms include non-flowering primitive plants such as conifers. Ferns produce spores 
from which new plants grow [27,35,38].  

The flower and the fruit are thus characteristics which make it possible to gather species in larger 
units. The role of the systematics scientist is to determine the relevant characteristics to differentiate 
plants and to classify them into homogeneous groups in a perspective that explains the biodiversity 
on earth and the kinship of all living beings in a phylogenetic context [57–60]. This is not an easy task 
because it is difficult to find homologous traits, especially since these traits often change with plant 
development [45]. 

5. Conclusions 

Currently, Plant classification is increasingly devalued at the expense of other disciplines of 
biology. The same goes for teaching this discipline. Students are less and less motivated for 
classification and there is unfortunately a decline of researchers interested in the few laboratories still 
working on systematics. This resulted in a decline of specialists in this field. This situation is caused 
by many factors. Teaching the classification of living beings must be examined and improved.  

In this study, many misconceptions which could be barriers for students learning plant 
classification were identified. Students have different ideas about plant classification and its 
objectives, including distinguishing and clarifying the complex relationship between definition and 
classification activities. Theses misconceptions are identical to those mentioned in various previous 
research [32,37,38,46,58]. The plurality of classifications is also a major difficulty to overcome; 
students often confuse the different classifications (utilitarian, functional, phylogenetic) [59,60]. A 
scientific classification should be constructed and it should be set up in a perspective of explaining 
and showing the diversity and kinship of all living beings and which also takes into account their 
history. 

Educational program designers must also integrate diversified species, covering all higher and 
lower plant groups and taking into account their ecological and environmental importance. 
Moreover, university education should allow students to learn to distinguish the scientific repertoire 
from the social and religious one; therefore, training in plant taxonomy must be rectified in all 
university levels to allow students to learn an entirely evolutionary thought developed transversally 
to construct plant phylogenetic classifications. 

Author Contributions: conceptualization, L.M., A.A and B.A; methodology, L.M. and B.A; formal analysis, L.M., 
A.A., B.A. and M.Z; investigation, L.M. and B.A.; writing—original draft preparation, LM.; Writing, review & 
editing, L.M., A.A., B.A. and M.Z.; supervision, A.A. and B.A.; project administration, A.A. and M.Z.; funding 
acquisition, L.M., A.A., B.A. and M.Z. 

Funding:  This research received no external funding. 



Educ. Sci. 2019, 9, 48 13 of 21 

Acknowledgments:  We thank Mr Ahmed Ouhammou from Cadi Ayyad University for scientific and technical 
support he provid us. 

Conflicts of Interest: The authors declare no conflict of interest.  

Appendix 

Questionnaire 
As part of the preparation of a doctorate on The teaching of plant classification at the 

university, we undertake this survey, of which the following questionnaire is part. We 
request your cooperation by asking you to fill out the questionnaire which is anonymous 

 

- Gender:          Man                          Women  

-Spéciality:................................................ 

- University level: ………………………………………  

- if you have failed a class, how many times have you failed: ………… 

 < 5/20 between 5 and 10/20 between 10 and 15/20 > 15/20 

Q1- Marks obtained in floristry/plant Systématic     

Q2- Marks obtained in plant biology     

 

Q3-What do you think about the importance of plant systematics? 

          Very important.                  mportant.            Little important                 Not important 

Q4- How difficult is plant systematics? 

          very difficult            difficult                 moderately difficult                      easy 

Q5-The difficulty of teaching plant systematics is due to: 

           Teaching methods                     subject itself                  Latin nomenclature 

  other:   ……………………………………………………………………………………………………………………… 

Q6- According to you, the need for knowledge of plant systematics and flora in other subjects of biology is:  

           Very High             High           More or less high               low              Very low 

 

For each of the proposals below, choose the appropriate answer: 

 Regarding the use of resources and communication tools Never little sometimes Often 

Q7 The digital resources made available by the teacher integrate only schemas and images.     

Q8 The digital resources provided by the teacher integrate real photos of plants and videos      

Q9 The teacher uses various tools in class: blackboard, slides, video, ...     

Q10 the French language used in the course poses problems for you?     

Q11 The technical and Latin words used in the course poses problems for you?     

 Regarding teaching methods:  

Q12 The teacher presents the course as a presentation and distributing the boards.     

Q13 During the class, you have trouble taking notes?     

Q14 The teacher shows you tips for making learning easier.     

Q15 The teacher encourages group work during tutorials and practical work     

Q16 The teaching of floristics is closely linked to daily and professional life.     



Educ. Sci. 2019, 9, 48 14 of 21 

Q17 
The explanations provided by the teacher, in the lecture course, tutorial and practical 

work are sufficient 
    

 

 In term of motivation: no rather no 
Rather 

yes 
yes 

Q18 I am very motivated in the course of plant systematics      

Q19 The tasks that are proposed to me are very interesting     

Q20 I ask questions in the course     

Q21 The course makes me want to learn     

Q22 I want to do more research in plant systematics     

 In terms of Activities and Interactions:  

Q23 I learn more in quantity     

Q24 The teacher encourages you to do presentations     

Q25 There is more often work to be done in groups (binomial or more).     

Q26 
I have more interactions with the teacher during tutorial and practical 

work 
    

Q27 
There is interaction between the students during tutorial and practical 

work 
    

 In terms of Assessment:  

Q28 
The exam covers exercises far removed from those studied in classroom 

and TD. 
    

Q29 The exam is in the form of multiple choice questions     

Q30 The exam questions are more about knowledge     

Q31 I have more good grades in practical works     

 

 

 Questions about hourly volumes of the Floristic module excessive Adequate insufficient very insufficient 

Q32 The number of class hours is in your opinion     

Q33 
The number of hours you spend on home to revise the floristic 

course is 
    

 

 

 Tutorial work (called TD) 
Strongly 

disagree 
Disagree 

Fairly 

agree 
agree 

I don’t 

know 

Q34 
The coordination between the lecture courses and tutorial work is 

well done 
     

Q35 
 During tutorial work, the teacher explains better than in the lecture 

courses 
     

Q36 
The tutorial work allows students to learn concepts not treated ed in 

the lecture courses 
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Q37 According to you the number of hours of tutorial work is excessive      

       

 Practical works (called TP) 
Strongly 

disagree 
disagree 

Fairly 

agree 
agree 

I don’t 

know 

Q38 The objectives of each TP are announced at the beginning of the session.      

Q39 According to you the number of TP is sufficient      

Q40 The time allocated for each TP is sufficient      

Q41 Students actively participate in the TP       

Q42 The TP facilitate the understanding of lecture course      

Q43 The TP completes the lecture course      

Q44 
The controls at the beginning of each TP session oblige me to prepare it in 

advance 
     

       

 Outdoor activity in plant ecology: practical activities 
Strongly 

disagree 
disagree 

Fairly 

agree 
agree 

I don’

t know 

Q45 Students are informed of the goals of each outdoor activity      

Q46 
The concepts treated during outdoor activities in plant ecology have 

nothing to do with the teaching of floristics 
     

Q47 the number of activities outdoors is sufficient      

Q48 The number of outdoor activities is sufficient.      

Q49 
The outdoor activities of Plant Ecology makes it possible to apply the 

notions treated in the lecture course 
     

Q50 
The outdoor activities allow an important implication of the students 

in learning 
     

Q51 I am satisfied with what I learn in plant systematics      

Q52 
I think that all subjects of plant systematics can be interesting if I 

understood them. 
     

 

 

 

Indicate your agreement with each of the following proposals 
Absolutely 

Agree 
Agree 

Little 

agree 
Disagree 

Q53 I do not find this class interesting, so I work with the minimum of my effort      

Q54 I am interested in this topic only because I have to pass its exam.      

Q55 
I learn things of it by heart by repeating them several times, even if I do not 

understand them  
    

Q56 
I find that I can pass the exam by memorizing lessons rather than 

understanding them  
    

Q57 Group activities and exercises allow me to understand better     
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Q58 The program this module is overloaded     

Q59 I learned bad because the course is delivered too quickly     

Q60 I learn the names of plants easily     

Q61 There was an evolution in the plants kingdom.      

Q62 
The order of the plant systematic teaching is identical to that of the evolution 

of plant groups. 
    

Q63 Generally the exam in this module is easy.     

Q64 In the exam there were questions about the interest of the studied species     

Q65 After the final exam, I feel able to sort the plant species     

Q66 After the final exam, I find myself able to describe different plant species     

Q67 
In lab and ecology outdoor activities, I find myself able to identify the plant 

species 
    

Q68 I do not understand double fertilization in plants      

Q69 I do not understand fully sexual and asexual reproduction of plants      

Q70 I learn better when the studied plant is useful.      

Q71 There are single-celled plants in nature      

Q72 There a kinship between plant species      

Q73 Some species have fossil ancestors      

Q74 A taxon includes individuals who resemble each other     

Q75 Classification helps to preserve biodiversity      

Q76 
A species gathers individuals of identical morphology that can reproduce 

with each other? 
    

Q77 The male branch and the female branch are always separated      

Q78 Even if two species are identical, they can be different genetically.     

Q79 All plants contain chlorophyll      

Q80 There are fossil plants      

Q81 
The evolution is in the order Algae-bryophytes-pteridophytes-

gymnosperms-angiosperms 
    

Q82 All male and female plants are identical      

Q83 All plants are green     

Q84 Male gametes and female gametes are always different      

Q85 All plants are from seeds      

Q86 All plants are diploid      

Q87 
The gametophyte phase is reduced in the development cycle towards 

angiosperms  
    

Q88 Tracheid are less evolved than phloem and xylem     

Q89 the plant taxonomy is to determine "which plant is close to other”     

Q90 the vegetable taxonomy is to determine "which is the ancestor of which"      

Q91 Taxonomy is just using a tool to sort species.      

Q92 Plant classification is used to understand plant biodiversity      

Q93 Most plants are hermaphrodite and self-pollinated     
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Q94 Plant classification helps to understand the unity of plants     

Q95 Gymnosperms are flowering and ovule plants     

Q96 Autogamy can promote plant diversity     

Q97 
the classification of living beings considers current species and fossil species 

in a similar way 
    

Q98 Angiosperms are more advanced than other classes     

Q99 Higher plants are more important than other small plants.      

Q100 
The nature of the fruit is taken into account in the classification of seed 

plants 
    

Q101 
Cryptogams’ plants include: Algae, Mushrooms and also Bryophytes, 

Pteridophytes and Lichens  
    

Q102 Tracheophytes are vascularized plants     

Q103 Leaf shape distinguishes angiosperms     

Q104 
To identify a species, just use a key determination based on observable 

characters 
    

Q105 Only the most advanced plants have well-differentiated organs.      

Q106 
Plant tissues have low differentiation which is the basis of vegetative 

propagation (asexual reproduction) 
    

Q107 Bryophytes do not have roots     

Q108 lack of stable character at the scale of the species gives you trouble     

Q109 
A more evolved species does not mean that all its taxonomic characters are 

the most evolved  
    

Q110 
In a natural environment, a species of medical interest is more important 

than the others.  
    

Q111 Do you regularly visit websites and forums that are interested in plants?     

Q112 Do you regularly visit websites that are interested in Ecology     

Q113 Are you interested in collecting plants (herbarium)?      

Q114 Teaching taxonomy is useless as plant species disappear more and more      

Q115 
Recognizing plant species serves only to know their food and medical use as 

well as to reduce hunger in the world  
    

Q116 
Recognizing plant species is mainly used to make herbaria and enrich 

gardens 
    

Q117 
More DNA of individuals present similar sequences, plus the relationship 

between these individuals is strong 
    

Q118 Recognizing plant species serves only to know their ecological importance     

Q119 The taxonomy must be studied only by naturalists     

Q120 Taxonomy must be studied only by ecologists     

Q121 Taxonomy should be taught only for pharmacists     

Q122 Taxonomy should be taught only for biology teachers     

Q123 Taxonomy must have a significant share in the media and newspapers     

Q124 
In flowering plants, the characteristics of pollen grains are not taken into 

account in the current plant classification 
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Q125 
In bryophytes (mosses), the absence of conducting vessels does not allow 

them to reach high heights 
    

Q126 Green algae, red algae and brown algae share one common ancestor      

 

 

Q 127. Classify the following biological disciplines from the most difficult to the easiest (just use the corresponding numbers) 

1. Biochemistry 2. Plant Biology 3. Genetics 
4. Plant 

Ecology 

5. Animal Systematic 

(faunistic) 
6. Animal Physiology 7. cellular Biology 8. Immunology 

9. populations Genetics 10. Plant classification 11. Microbiology 12. Plant Physiology 

most difficult             the easiest 

 

 

Q 128 – What disciplines of Biology do you consider essential to understand the classification of plants? 

-  

-  

 

-  

-  

 

-  

-  

 

-  

-  

 

Q129 - What are the concepts relating to plant classification that pose learning difficulties? 

- 

 
- 

- 

 
- 

- 

 
- 

- 

 
- 

 

 

Q 130- Overall are you satisfied with the studies you do at university? 

 Very satisfied Moderately satisfied Very little satisfied Not satisfied 

     

Q 131- You can add comments 

  



Educ. Sci. 2019, 9, 48 19 of 21 

References 

1. Slingenberg, A.; Braat, B.; van der Windt, H.; Rademaekers, R.; Eichler, L.; Turner, K. Study on 
Understanding the Causes of Biodiversity Loss and the Policy Assessment Framework. ECORYS The Netherlands. 
2009. 206p. Available online: //ec.europa.eu/environment/enveco/biodiversity/pdf/causes_biodiv_loss.pdf) 
(accessed on 21 March 2018). 

2. Good, M.L. Loss of Biological Diversity: A Global Crisis Reaquiring International Solutions. Committee on 
International Science’s Task Force on Global Biodiversity, National Science Board Library, Wachington 
1989. Available online: https://nsf.gov/nsb/publications/1989/nsb0989.pdf (accessed on 5 October 2017). 

3. Chevassus-au-Louis, B. Biodiversité et développement durable: Les enjeux de la «recapitalisation 
écologique ». Ann. Mines Responsab. Environ. 2012, 4, 15–20. 

4. Levrel, H. Biodiversité et Développement Durable: Quels Indicateurs? Ecole des Hautes Etudes en 
SciencesSociales(EHESS). 2006. Available online: https://tel.archives-ouvertes.fr/file/ 
index/docid/128430/filename/THESE Levrel.pdf (accessed on 25 September 2017). 

5. Girault, M.; Sauvé, L. L’éducation scientifique, l’éducation à l’environnement et l’éducation pour le 
développement durable, Croisements, enjeux et mouvances. Aster 2008, 46, 7–30.  

6. Sauvé, L. Vivre ensemble sur Terre. Édu. Francoph. 2009, 37, 11–32. 
7. Sauvé, L.; Orellana, I. Entre développement durable et vivre bien: Repères pour un projet politico-

pédagogique. Ethique Publique 2014, 16. DOI : 10.4000/ethiquepublique.1406. Available online: 
http://journals.openedition.org/ethiquepublique/1406 ;  

8. Sauvé, L. Environmental Education and Sustainable Development: A Further Appraisal. Can. J. Environ. 
Educ. 1996, 1, 7–34. 

9. Girault, Y.; Quertier, E.; Fortin Debart, C.; Maris, V. L’éducation relative à l’environnement dans une 
perspective sociale d’écocitoyenneté. Réflexion autour de l’enseignement de la biodiversité. In Education à 
L’information et Éducation aux Sciences: Quelles Formes Scolaires? Rencontres Toulouse Educagro, Enfa; Gardiès, 
A., Fabre, I., Ducamp, C., Albe, V.; Eds.; PublisherCépaduès: Toulouse, France, 2008, pp. 87–120. 

10. Legardez, A.; Simonneaux, L. (Eds.) L’école à L’épreuve de L’actualité: Enseigner les Questions Vives; ESF 
Editeur: Paris, France, 2006; 246p. 

11. Girault, Y. & Alpe Y. La biodiversité, un concept hybride entre science et gouvernance. In Développement 
durable et autres questions d’actualité. Questions socialement vives dans l’enseignement et la formation, 
A. Legardez & L. Simonneaux (éd.), Éducagri Éditions: Dijon, France, 2011, pp. 383–401. 

12. Unesco. Education pour le Développement Durable: Bonnes Pratiques en Matière de Biodiversité. Unesco 2012. 
108p. Available online: https://unesdoc.unesco.org/ark:/48223/pf0000220307_fre (accessed on 18 January 
2019). 

13. Fondation Lamap. Pourquoi Étudier la Biodiversité à L’école? Available online: https://www.fondation-
lamap.org/sites/default/files/upload/media/minisites/projet_biodiversite/enseignants/module/2-
introduction-resume.pdf (accessed on 17 January 2019). 

14. Alix-Garcia, J. A spatial analysis of common property deforestation. J. Environ. Econ. Manag. 2007, 53, 141–
157. 

15. Godoy, R.; Contreas, M. A comparative study of education and tropical deforestation among lowland 
Bolivian Amerindians: Forest values, environmental externality and school subsidies. Econ. Dev. Cult. 
Chang. 2001, 49, 555–574. 

16. Godoy, R.; Groff, S.; O’Neill, K. The role of education in neotropical deforestation: Household evidence 
from Amerindians in Honduras. Hum. Ecol. 1998, 26, 649–675. 

17. Van, P. A semiparametric analysis of determinants of a protected area. Appl. Econ. Lett. 2003, 10, 661–665. 
18. Gotmark, F.; Fridman, J.; Kempe, G. Education and advice contribute to increased density of broad-leaved 

conservation trees, but not spalings, in young forest in Sweden. J. Environ. Manag. 2009, 90, 1081–1088. 
19.  Diab, T.; Khater, C.; Hawi, A.; Martin, A.; El Hage, F. L’éducation à l’environnement dans les écoles 

libanaises: Vers un développement de l’écocitoyenneté? RDST 2014, 9, 157–178. 
20. Quertier, E.; Girault, Y. Tendances Actuelles de la Mise en Exposition de la Biodiversité. Colloque 

International Éducation au Développement Durable et à la Biodiversité: Concepts, Questions Vives, Outils 
et Pratiques, Dignes, 2010. Available online: 
www.refere.uqam.ca/pdf/monographie_Actes_Colloque_Dignes_2011.pdf (accessed on 18 March 2012). 



Educ. Sci. 2019, 9, 48 20 of 21 

21. Barroca-Paccard, M. Biodiversité et Recomposition Disciplinaire en svt: Une Étude de cas à Partir des 
Manuels Scolaires de Collège et de Lycée. Spirale: Revue de Recherches en Éducation 2015, pp. 165–176. 
Available online: https://hal.archives-ouvertes.fr/hal-01518510/document (accessed on 12 November 2018). 

22. Hays, J. Biodiversity, the Number of Species and Biodiversity Meeting, 2011. Available online: 
http://factsanddetails.com/world/cat52/sub329/item1612.html (accessed on 15 March 2018). 

23. Quave, C.L. Innovative Strategies for Teaching in the Plant Sciences; Springer: Berlin/Heidelberg, Germany, 
2014; 312p. 

24. Wynn, A.; Pan, I.L.; Rueschhoff, E.E.; Herman, M.; Archer, K. Student Misconceptions about Plants—A 
First Step in Building a Teaching Resource. J. Microbiol. Biol. Educ. 2017, 18, 1–4. 

25. Songer, B.; Kelcey, B.; Wenk Gotwals, A. How and When Does Complex Reasoning Occur? Empirically 
Driven Development of a Learning Progression Focused on Complex Reasoning about Biodiversity. J. Res. 
Sci. Teach. 2009, 46, 610–663. 

26. Susanti, R. Misconception of biology education student of teacher training and education of Sriwijaya 
University to the concept of photosynthesis and respiration. J. Phys. Conf. Ser. 2018, doi:10.1088/1742-
6596/1022/1/012056. 

27. Gültekin, M.; Topsakal, U.U. Diagnosing Students’ Misconceptions about Plant Parts in Turkey. Int. J. Hum. 
Soc. Sci. 2014, 4, 134–142. 

28. Pine, K.; Messer, D.; St John, K. Children’s Misconceptions in Primary Science: A Survey of teachers’ views. 
Res. Sci. Technol. Educ. 2001, 19, 79–96, doi:10.1080/02635140120046240. 

29. Wood-Robinson, C. Young people ideas about plants. Stud. Sci. Educ. 1991, 19, 119–135. 
30. Haslam, F.; Treagust, D. Diagnosing secondary students’ misconceptions of photosynthesis and respiration 

in plants using a two-tier multiple choice instrument. J. Biol. Educ. 1987, 21, 203–211. 
31. Stepans, J. Biology in Elementary Schools: Children’s conceptions of “Life”. Am. Biol. Teach. 1985, 47, 222–

225. 
32. Anderson, J.L.; Ellis, J.P.; Jones, A.M. Understanding Early Elementary Children’s Conceptual Knowledge 

of Plant Structure and Function through Drawings. CBE Life Sci. Educ. 2014, 13, 375–386. 
33. Bell, B.F. What is a plant? Some children’s ideas. N. Z. Sci. Teach. 1981, 31, 10–14. 
34. Gatt, S.; Tunnicliffe, S.D.; Borg, K.; Lautier, K. Young Maltese children’s ideas about plants. J. Biol. Educ. 

2007, 41, 117–122. 
35. Hershey, D.R. More misconceptions to avoid when teaching about plants. Actionbiosciences 2005. Available 

online: http://www.actionbioscience.org/education/hershey3.html?print=1 (accessed on 20 April 2018). 
36. Trowbridge, J.E.; Mintzes, J.J. Alternative conceptions in animal classification: A cross-age study. J. Res. Sci. 

Teach. 1988, 25, 547–571. 
37. Yangin, S.; Sidekli, S.; Gokbulut, Y. Prospective teachers’ misconceptions about classification of plants and 

changes in their misconceptions during pre-service education. J. Balt. Sci. Educ. 2014, 13, 105–117. 
38. Barman, C.; Stein, M.; Barman, N.; Mcnair, S. Assessing students’ ideas about plants. Sci. Child. 2003, 10, 

25–29. 
39. Barman, C.R.; Stein, M.; McNair, S.; Barman, N.S. Students’ ideas about plants and plant growth. Am. Biol. 

Teach. 2006, 68, 73–79. 
40. Boyes, E.; Stanisstreet, M. Misconceptions in first-year undergraduate science students about energy 

sources for living organisms. J. Biol. Educ. 1991, 25, 208–213. 
41. Köse, S.; Ayas, A.; Usak, M. The effect of conceptual change texts instructions on overcoming prospective 

teachers’ misconceptions of photosynthesis and respiration in plants. Int. J. Environ. Sci. Educ. 2006, 1, 78–
103. 

42. Driver, R. Pupils’ alternative frameworks in science. Eur. J. Sci. Educ. 1981, 3, 93–101. 
43. Kubiatko, M.; Prokop, P. Pupils’ misconceptions about mammals. J. Balt. Sci. Educ. 2007, 6, 5–14. 
44. Meir, E.; Perry, J.; Herron, J.C.; Kingsolver, J. College students’ misconceptions about evolutionary trees. 

Am. Biol. Teach. 2007, 69, 71–76. 
45. Spichiger, R.E.; Savolainen, V.V.; Figeat-hug, M.; Jeanmonod, D. Botanique Systématique des Plantes à Fleurs: 

Une Approche Phylogénétique Nouvelle des Angiospermes des Régions Tempérées et Tropicales; PPUR Presses 
Polytechniques: Lausanne, Switzerland, 2002; 413p. 

46. Lin, S. Development and application of a two-tier diagnostic test for high school students’ understanding 
of flowering plant growth and development. Int. J. Sci. Math. Educ. 2004, 2, 175–199. 

47. Viau, R. La Motivation en Contexte Scolaire; De Boeck-Wesmael, S.A: Bruxelles, Belgium, 1994. 



Educ. Sci. 2019, 9, 48 21 of 21 

48. Pintrich, P.R. A motivational science perspective on the role of student motivation in learning and teaching 
contexts. J. educ. Psychol. 2003, 95, 667–686. 

49. Bosdeveix, R. Entre Classifications Fonctionnelle et Phylogénétique: Le Groupe des Végétaux. Une 
Reconstruction Didactique Basée sur L’histoire des Sciences dans le Cadre de la Formation des Enseignants 
de Sciences de la Vie et de la Terre. Ph.D. Thesis, Université Paris Diderot, Paris, France, 2016. 

50. Orange Ravachol, D. Les classifications du vivant à l’école: Former l’esprit scientifique ou inculquer la « 
bonne » solution ? Grand 2006, 77, 91–107. 

51. Orange ravachol, D. Classifications biologiques et problématisations. Recherches en Éducation 2007, 3. 
Proceeding des 3è Rencontres du Réseau International Probléma Nantes, 19–20 Juin 2006. Available online: 
http://www.cren-nantes.net/spip.php (accessed on 12 November 2017). 

52. Gardner, J.; Belland, B.R. A conceptual framework for organizing active learning experiences in biology 
instruction. J. Sci. Educ. Technol. 2012, 21, 465–475. 

53. Ebert-May, D.; Brewer, C.A.; Allred, S. Innovation in large lectures—Teaching for active learning. Bioscience 
1997, 47, 601–607. 

54. Clément, P.; Quesada, M.P. Les Conceptions sur L’évolution Biologique D’enseignants du Primaire et du 
Secondaire dans 28 Pays Varient Selon Leur Pays et Selon Leur Niveau D’étude; Richard Etienne; L’Actualité de 
la Recherche en Education et Formation, Université Montpellier 3/AREF: Montpellier, France, 2013; 19p., 
hal-01026095. 

55. Quessada, M.P.; Clement, P.; Selmaoui SValente, A. L’enseignement de l’évolution dans les manuels 
scolaires de huit pays riverains de la Méditerranée. TREMA 2011, 35–36, 17–24. 

56. Agorram, B.; Selmaoui, S.; Zaki, M.; Khzami, S.E. An analysis of the treatment of evolution in moroccan 
secondary textbooks. Eurasia Proc. Educ. Soc. Sci. 2016, 5, 286–288. 

57. Bosdeveix, R. Les raisonnements classificatoires de futurs enseignants de SVT sur le groupe des végétaux, 
RDST 2017, 16, 57–92. 

58. Bosdeveix, R.; Lhoste, Y. Problématisation relative à la classification et l’évolution des végétaux chez des 
étudiants de master 2 se destinant à l’enseignement des SVT. Les Cahiers D’Esquisse 2014, 5, 21–30. 

59. Bosdeveix, R.; Regad, L.; Lhoste, Y. Les Végétaux: Tension entre Classifications Fonctionnelle et 
Phylogénétique chez les Futurs Enseignants de SVT. Proceeding of the 8° Rencontre Scientifique de 
l’ARDiST, Marseille 12–14 Mars 2014. Available online: (www.ardist.org/wp-content//Numéro-1-
Communications-548-p.pdf (accessed on 27 April 2018). 

60. Bosdeveix, R.; Lhoste, Y.; Regad, L. Les conceptions des végétaux chez des étudiants de master 2, futurs 
professeurs de sciences de la vie et de la Terre. In Proceedings of the Congrès de l’Actualité de la Recherche 
en Éducation et Formation (AREF-AECSE), Laboratoire LIRDEF–EA 3749, Universités de Montpellier, 
Montpellier, France, 27–30 August 2013. 

 

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


