Additional file 2: Overviews of European national school curricula concerning the subject Biology and the topic “evolution.”
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[bookmark: _Toc59526710]Austria
General information
In Austria, after primary education, which lasts four years, students move on to lower secondary education (“Sekundarstufe 1”), which usually lasts four years (for students aged 10–14 years) and upper secondary education (“Sekundarstufe 2”), which lasts three to five years (students aged 15–18/19 years)1, depending on the chosen school type. After primary education, Austrian students follow two distinct educational paths, resulting in different certificates at the end of lower secondary education2: the “Mittelschule” (MS), until 2020/21 referred to as “Neue Mittelschule” (NMS)3 for lower cognitive levels and the “Allgemeinbildende Höhere Schule” (AHS, also termed “Gymnasium”) for higher cognitive levels. After lower secondary education, students from MS and AHS can continue their education in upper secondary education either at an AHS (duration: 4 years where three different foci can be chosen: “Gymnasium,” “Wirtschaftskundliches Realgymnasium,” or “Realgymnasium”; the last with a science focus), a “Berufsbildende Mittlere Schule” (BMS; duration: three years) or a “Berufsbildende Höhere Schule” (BHS; duration: five years; different foci in different schools can be chosen)2. Upper secondary education, but only AHS and BHS, results in “Matura,” a general admission to higher education (e.g., university). 
Austria is divided into nine federal states, all of which have the same curricula released by the Federal Ministry of Education, Science and Research4. However, the curricula for Biology vary for the different school types. Most of the curricula are oriented towards a competence model for the science subjects Biology, Chemistry, and Physics, which were developed in 2011 for AHS5 (“NAWI 8” for Grade 8) and BHS6 and commissioned by the Federal Ministry of Education, Science and Research. The competence model itself is included in most of the Austrian curricula. 
Lower secondary education
During lower secondary education (Grades 5–8), Biology is a compulsory and single subject in all Austrian federal states, but it is not taught in every grade4. A total of 5.5 to 12 Biology lessons have to be spread over four years in AHS and MS. The recommendation for “Gymnasium” is to teach Biology 2 hours per week in Grades 5, 6, and 8, and 1 hour per week in Grade 7. In “Realgymnasium,” Biology is taught 2 hours per week during all four years4. 
In the current curriculum, Evolution is only mentioned in Grade 7 (AHS und MS).4,7 Because Geology is part of the subject Biology in Austria, typically deep time (history of the Earth and its life forms) is taught. Often, human evolution is a taught topic. Rarely phylogenetic relations (e.g., homology, fossils, and mosaic types) and mechanisms of evolution are covered. 
However, a new statewide curriculum is currently under construction in Austria. This curriculum declares evolution as a central leitmotiv through all biological phenomena for all grades during lower secondary education (Grades 5–8). It is expected to come into effect in 2022/23. 
[bookmark: _3znysh7]Upper secondary education
During upper secondary education at AHS (usually Grades 9–12, “Sekundarstufe 2”), Biology is a compulsory and single subject4. A total amount of at least six (Gymnasium) or seven to nine (Realgymnasium) school lessons has to be completed in this subject over all four years. Schools decide autonomously how to distribute the lessons. The recommendation is to teach Biology for 2 hours in Grades 5, 6, and 84. However, it is also often taught for 2 hours per week over all four years. Additionally, students can choose Biology as an elective/advanced subject from Grade 10 onwards (typically 2 hours per week)4. If students choose a BHS, Biology is mostly not taught as a single subject but in combination with other sciences and not in every grade (on average, only two years, generally 2 hours per week) or not at all8. 
Since 2016, evolution has played a larger role in the nationwide curricula for AHS4 and is also part of the competence model for Grade 12 in all three dimensions (organizing scientific content knowledge, scientific inquiry, and scientific evaluation and argumentation)5. Furthermore, evolution is also part of the “core concepts” (“Basiskonzepte”) in Biology in Grade 12. Speciation, phylogenetic trees, and mutations, recombination, and natural selection as examples of mechanisms of evolution as well as variation, genetic drift, phylogenetic relations (e.g., homology, fossils, mosaic types), and human evolution are part of the upper secondary curriculum.4 
[bookmark: _2et92p0]Summary
In summary, the situation in Austria is diverse due to the school types students can choose. Nevertheless, almost all students who passed Austrian secondary education should have been taught about evolution during their school career. It can be stated that Austrian students will typically be familiar with the evolutionary concepts of human evolution and adaptation, mutations, and natural selection as examples of mechanisms of evolution, as well as variation, Darwinian evolution, and phylogenetic relations (e.g., homology, fossils, mosaic types). However, in the Austrian state curricula for upper secondary education (“Sekundarstufe 2”) in Biology, evolution played only a minor role until 2016 and was only mentioned in Grade 12. The current curriculum for upper secondary education, implemented in 2016, on the other hand, offers the possibility to teach evolution through each grade (Grades 9–12). The same is true for lower secondary education (Sekundarstufe 1): here, a strong increase in the teaching of evolution is expected when the new statewide curriculum comes into effect in 2022/23. 
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[bookmark: _Toc59526711]Belgium—Flemish Region
[bookmark: _1t3h5sf]General information
Belgium is a federal state that is divided into three autonomous regions: the Flemish Region (or Flanders), the Brussels-Capital Region, and the Walloon Region1. The Flemish Region has a separate education curriculum and separate official central education standards2. There are also various educational networks; for example, the “Catholic Schools,” which each develop their own specific “learning plans,”3 taking into account the official central educational standards set by the Flemish Ministry of Education. 
Secondary education in Flanders has a uniform structure2. After completing primary education (Grades 1–6), students enter the first of six grades in secondary education around the age of 12 years. These six grades are grouped into three cycles of two grades. The first cycle of two years is common for all students graduating from primary education and may be considered as “lower secondary education.” “Upper secondary education” in Flanders is offered in various forms and at different levels. Four major levels/branches can be distinguished: general, technical, artistic, and vocational secondary education. Within each level, students can choose one of several subject clusters, each of which emphasizes a certain field of study in addition to satisfying the general education requirements. 
[bookmark: _4d34og8]Lower secondary education
During lower secondary education (Grades 7–8), Biology is a compulsory subject that is part of the subject “Natural Sciences” in Grades 7 and 8 and, hence, not taught as a separate subject. The education curriculum and the official central education standards have been revised from 2018–2019 (Grade 7) and 2019–2020 (Grade 8) onwards4. In the old curriculum, there was only one specific Biology standard addressing evolution to some extent: “The student can illustrate with examples that organisms can be adapted to the environment in several ways,” covering the evolutionary topics biodiversity (observing it), adaptation, and variation. In the new curriculum, this standard was replaced by “Organisms with specific characteristics have a higher probability to survive and reproduce in a particular environment than organisms with other characteristics,”4 with the evolutionary topics adaptation, variation and differential survival, and reproduction being covered. 
[bookmark: _2s8eyo1]Upper secondary education
When enrolling in upper secondary education (Grades 9–12) in either general, technical, artistic, or vocational education, students have to choose a specific field of study2. For example, students enrolling in the second cycle of general secondary education, which grants permission to higher education, can choose between more than ten different fields of study, which can be categorized into three major programs: a program with a Science component, a Mathematics component, or a program without one of these two components. For students enrolled in the first two mentioned programs of general secondary education and those enrolled in a program with a Science component in technical secondary education, Biology is taught as a single subject in all four grades of upper secondary education. For all other programs in general and technical education, and in artistic and vocational education, Biology is taught together with the other sciences as the subject “Natural Sciences” or “Project General Courses (in vocational education only), and typically only in the third cycle (i.e., the last two grades) of secondary education, but not in the second cycle. 
In those programs in which Biology is taught as a single subject, the idea of evolution of living species is introduced in the second year of the second cycle (Grade 10), which focuses largely on ecology, using the idea of unity and diversity of living things, phylogenetic classification (the tree of life), and adaptation5,6. The mechanisms of the process of natural selection are also addressed. In the other programs, evolution is not addressed in the second cycle. By contrast, in the third cycle of secondary education, evolution is taught at all four levels (general, technical, artistic, or vocational education), with the following two education standards addressing the theory of evolution: “Students can illustrate, by using simple examples, that characteristics are inherited from one generation to the other,” and “Students can give scientific arguments for the biological evolution of organisms, including humans.”4 
Evolution is generally taught only towards the end of the last grade of secondary education, as the last chapter in the textbooks, with a substantial focus on speciation. In programs in which Biology is taught as a single subject, there is an additional standard addressing evolution: “Students can explain characteristics of organisms and variation between organisms using the concepts heritability and environmental influences,”4 focusing on explaining biodiversity. In these programs, evolution is typically preceded by the topics of reproduction, genetics, and heritability (genetic variation: adaptation, modifications, and mutations). It should be noted that the process of natural selection is not mentioned explicitly in the three standards about evolution in the Flemish curriculum for the third cycle4, although it is certainly covered in the learning plans of the various educational networks and the supporting textbooks7.
[bookmark: _17dp8vu]Summary
To conclude, given that in Flanders, evolution is addressed both during the first (Grades 7–8) and third cycle (Grades 11–12) of all four levels of secondary education (general, technical, artistic, and vocational), all students graduating from secondary education have certainly learned about evolution. Students following a program in which Biology is taught as a single subject, and not as part of the Natural Sciences subject, also learn about evolution during the second cycle (Grades 9–10) and in a more thorough way during the third cycle (see above). Flemish students will generally be familiar with the evolutionary concepts speciation, tree of life, human evolution, observing and explaining biodiversity, and variation, adaptation, mutations, and natural selection as examples for mechanisms of evolution, Darwinian evolution, and phylogenetic relations. It should be noted that, currently, the Biology curriculum and standards are in the process of being revised, with a new curriculum for the first cycle since 2019–2020, and a new curriculum for the second cycle and third cycle starting in 2021–2022 and 2023–2024, respectively, all with a larger focus on evolution4. 
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[bookmark: _Toc59526712]Bosnia and Herzegovina
[bookmark: _lnxbz9]General information
The education sector in Bosnia and Herzegovina reflects the state constitution. The country consists of two entities (the Federation of Bosnia and Herzegovina and the Republic of Srpska) and the Brčko District. The Republic of Srpska has a centralized government and one Ministry of Education, whereas the Federation of Bosnia and Herzegovina consists of ten cantons, each with its own Ministry of Education, whose work is coordinated by the Federal Ministry of Education and Science. The Brčko District has its own government with an Education Department. 
Primary education is compulsory and lasts nine years, from the age of 6 through the age of 15 years. Secondary education is available in the forms of general secondary education schools (Gymnasiums), vocational secondary education schools, art schools, and other, less-frequent types. General secondary education lasts four years, and vocational secondary education lasts three or four years1. 
[bookmark: _35nkun2]Primary education
During the last four years of primary education (Grades 6–9), Biology is a separate, compulsory subject in all schools. Based on the publicly available curricula for primary education2–3 in the Federation of Bosnia and Herzegovina and the Republic of Srpska, evolution is taught in the last triad (Grades 7–9, corresponding to ages 13–15 years). The basic terms of the theory of evolution (Lamarck and Darwin), the significance of the theory of evolution, course of evolution, factors of evolution, evidence of evolution, natural selection, and speciation are covered during the last three years of primary education. Phylogenetic trees and deep time are not part of the curriculum in primary education.
[bookmark: _1ksv4uv]Secondary education
During secondary education, Biology is a separate, compulsory subject in general education schools (Gymnasiums) during all four years of education4–6. In vocational schools, the number of hours of Biology varies, depending on the school’s main vocational paths. For example, in secondary medical schools, Biology is a separate, compulsory subject. In some vocational schools, Biology is taught only in the first two years, whereas in others (e.g., technical schools), there are no Biology classes at all7. In the Gymnasium program, the same evolutionary topics as in primary education are covered, but more in depth (Lamarck’s and Darwin’s theories of evolution, the significance of the theory of evolution, course of evolution, factors of evolution, evidence of evolution, natural selection, and speciation). Mutations, recombination, and natural selection as examples for mechanisms of evolution, variation, and human evolution are also part of the curriculum, whereas deep time and genetic drift are not. In most vocational schools, the topic of evolution is not covered. 
[bookmark: _44sinio]Summary
In sum, the situation in different parts of Bosnia and Herzegovina is similar, regardless of the different educational authorities within the country. All students who attend compulsory primary education are taught the basics of the theory of evolution during the last three years of their primary school education. Students who attend Gymnasiums should gain a more extensive understanding of the theory of evolution, whereas those who opt for vocational secondary schools may learn about evolution only if it is important for their future vocation (e.g., medical schools). Therefore, students who enter university may have attended their last evolution lessons any time between three months ago and four years ago.
[bookmark: _2jxsxqh]However, it is important to note that the educational outcomes stated in the publicly available curricula do not necessarily reflect the actual knowledge of an average student and must be interpreted with caution. As a matter of fact, in 2018, Bosnia and Herzegovina participated in its first PISA assessment8, and the results were rather disappointing, indicating that less than one half of 15-year-old students attain the minimum level performance in reading, math, and natural sciences, as defined by the PISA standards.
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[bookmark: _Toc59526713]Bulgaria 
[bookmark: _1y810tw]General information
In Bulgaria, there is pre-school followed by school education, which comprises lower secondary education (usually lasting seven years) and upper secondary education, lasting five years1. The structure of Bulgarian lower secondary education depends on several factors. As for the sources of funding, there are public (state and municipal), private, or spiritual schools2. Regarding the type of training they provide, the schools are non-specialized and specialized. As for the level of non-specialized school education, the schools are elementary (Grades 1–4 inclusive), basic (Grades 1–7 inclusive), high school (Classes 7–12 inclusive), combined (Classes 1–10 inclusive), and secondary (Classes 1–12 inclusive)3. According to the content of the preparation for the high schools, there are profiled high schools and vocational high schools. The completion of the educational process of upper secondary school is graduation, typically required for entrance to Universities. 
Bulgaria articulates this system through approved curricula and national educational standards.
[bookmark: _4i7ojhp]Lower secondary education
During lower secondary education (generally Grades 5–7), Biology is a compulsory subject in educational courses. Biology is presented as a subject in all grades. In some cases, the subject is named differently, but the main content is almost the same.
Evolution is mostly taught in Grade 74.
[bookmark: _2xcytpi]Upper secondary education
During upper secondary education (usually Grades 8–12), Biology is not a compulsory subject in each grade. For instance, at the preparatory grade of language schools, the subject is not included in the yearly educational plan. In highly specialized natural sciences and mathematics schools, Biology is taught with enriched content and typically for 6 hours per week5.
Speciation is part of the upper secondary Biology curriculum, whereas phylogenetic trees, mutations, recombination, and natural selection as examples for mechanisms of evolution, variation, phylogenetic relations (e.g., homology, fossils, mosaic types), and human evolution are part of the curriculum. Genetic drift is a topic only in highly specialized schools.
[bookmark: _1ci93xb]Summary
In summary, Bulgaria operates with standardized curricula and standards, approved obligatorily by the Ministry of Education and Science. The majority of the students who passed secondary education should have been taught about evolution at some time during their school career. Some exceptions are students who passed their secondary education in vocational schools6.
It can be stated that Bulgarian students will generally be familiar with the evolutionary concepts of human evolution, adaptation, natural selection as examples for mechanisms of evolution, and Darwinian evolution. There is a lack of knowledge of Biology among students studying programs other than the Natural Sciences. 
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[bookmark: _Toc59526714]Croatia
[bookmark: _qsh70q]General information
In Croatia, secondary education is provided by secondary school institutions and other legal persons. It incorporates various types and forms of instruction, education, qualification, and training that are carried out according to the provisions of the Primary and Secondary School Education Act1. Upon completion of compulsory primary education (i.e., a single-structure education that integrates primary and lower secondary education), lasting for eight years in total, pupils can choose one of the upper secondary education paths. Upper secondary education is not compulsory in Croatia2.
[bookmark: _3as4poj]Lower secondary education
Lower secondary education is carried out within the frame of single-structure education in primary schools, from Grades 5 to 83. In elementary schools, Biology is taught as a compulsory subject in Grades 7 and 8, with 70 hours of Biology content annually in each grade4. Evolution is introduced in Grade 8 as a macro concept through an evolutionary overview of the living world. The topics covered are: the difference between chemical and biological evolution, the transition of life from water to land, natural selection, mutations, the importance of Darwin, fossils, adaptability to living conditions, reproductive adaptations, and human evolution4. 
[bookmark: _1pxezwc]Upper secondary education
Depending on the type of educational program offered, secondary schools in Croatia are divided into grammar schools, vocational schools, and art schools2. Upper secondary education can last from one to five years (secondary school Grades 1 to 5), depending on the educational profile3. Grammar schools are general educational institutions divided into five different programs with a focus on general education, languages, classical education, natural sciences, and natural sciences with mathematics. All are four-year programs with Biology as a compulsory subject through all four grades, with an annual total of 411 hours of Biology content in the natural sciences grammar school program (by grades: 105, 105, 105, and 96 hours) and 274 hours in the remaining four programs (by grades: 70, 70, 70, and 64 hours). In both Biology-load profiles, the pupils achieve the same educational outcomes; however, the 411-hour model is more detailed4. Evolution is an integrative part of the Biology curricula for all four years. 
In terms of macro concepts, Grade 1 students are presented with the adaptation of organisms to biotic and abiotic environmental conditions in the context of survival and evolution. In Grade 2, evolution is introduced through comparisons within the tree of life, starting from unicellular organisms and ending with humans. The focus is on the evolutionary development of all organic systems depending on the changes in the environmental conditions they are exposed to. Grade 3 students are introduced to the evolutionary aspect of cell-complexity growth through evolutionary time. Finally, in Grade 4, the pupils are introduced to the main evolutionary mechanisms and evolutionary patterns on the gene level in connection with environmental and living conditions of organisms and gene-governed cell processes4. 
Vocational and art schools in Croatia teach Biology according to specific curricula5 based on special requirements for each educational profile. Biology is taught in Grade 1 of nearly all profiles with a total of 35 or 70 hours of annual content, whereas an additional one or two years of Biology are included only in curricula of a few profiles6. The biology-related topics specified for vocational and art schools in Croatia are divided into four modules: A—“from molecule to organism,” B—“man and health,” C—“man and environment,” and D—“man and heredity.”7 The D module covers topics such as elementary genetics with genetic mechanisms, genotype and phenotype, stability of genetic information, mutations as the base of diversity, cancer, genetic disorders and diseases, reproduction and diversity, and human genetics and genes within the population, all of them addressing evolutionary questions to some degree. However, the D module is an exclusive part of only a few upper secondary school curricula, mainly five-year health- and medicine-related education profiles, which include genetics as a compulsory part of their education. As an example, in health schools educating students for nurses, sanitary- and laboratory-technicians, and technicians specialized in physiotherapy, pharmacy, and dental medicine, elementary evolutionary principles are taught in Grade 2 along with genetics and ecology.
[bookmark: _49x2ik5]Summary
To conclude, the situation in Croatia is diverse due to the unstandardized curricula between grammar, vocational, and art schools. Nevertheless, all students who received secondary education in Croatia should have been taught about evolution at least during their lower secondary school career (i.e., in Grade 8 of elementary school). In the upper secondary school system, the evolutionary contents are predominantly part of the grammar school Biology curricula, whereas in the vocational and art programs, which outweigh grammar schools, evolution is poorly covered with the exception of only a few programs. 
However, the criterium for entering a university-level education program is to pass the national matriculation examination (i.e., “state matura” (državna matura) reserved for four- and five-year secondary school programs)8. Besides the compulsory subjects, biology-related university programs such as Biology, Medicine, Stomatology, Veterinary Medicine, Agriculture, etc. require candidates to pass a Biology admission test as part of their matriculation exam to gain admission to university. A portion of the questions presented in this Biology admission test is always related to the field of evolution9,10.
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10. Nacionalni centar za vanjsko vrednovanje obrazovanja. Analiza sadržaja i rezultata ispita državne mature iz biologije. http://dokumenti.ncvvo.hr/Kvaliteta_obrazovanja/Analiza/analiza_bio.pdf (2011).

[bookmark: _Toc59526715]Cyprus
[bookmark: _3o7alnk]General information
In Cyprus, lower secondary education (referred to as “Gymnasium”) lasts three years, and upper secondary education (termed “Lyceum”) lasts another three years1,2. Full-time education is compulsory for all children aged between 5 and 15 years (pre-primary school, primary school, and gymnasium). Students who complete Gymnasium obtain access to the Lyceum, which is characterized by a more flexible educational curriculum with various specializations depending on the inclinations, skills, and interests of the students. Instead of the Lyceum, students may choose to attend Secondary Technical and Vocational Education.
There are one central curriculum and one official textbook for each subject, for all the state schools in the country1. However, there are also private schools that are not obliged to follow the national curriculum. 
All of these are oriented towards national educational standards (called “Efficiency and Success Index”), developed by the Ministry of Education, Sports and Culture3. 
[bookmark: _23ckvvd]Lower secondary education (Gymnasium)
Students attend Gymnasium after they finish elementary school, at the age of 12 years4. Gymnasium is a three-year cycle of compulsory education (students 12–15 years old; Grades 7–9). Biology is a separate subject in Gymnasium and is taught in every grade. However, evolution is not taught in any of these grades5.
[bookmark: _ihv636]Upper secondary education (Lyceum)
Students begin to attend Lyceum after they finish Gymnasium, at the age of 15 years6. The Lyceum is a three-year cycle and is not mandatory. The syllabus offers a variety of courses. Specifically, in the first year of Lyceum, students have to choose one out of the four Subject Orientation Groups, which include a default combination of courses and lead to six corresponding educational directions in the second and the third year of Lyceum1.
Biology is a compulsory course during the first year of the Lyceum, and a selective course in the third year. Evolution is taught in the third year of the Lyceum only. The chapter on evolution covers genetic diversity between and within populations, environmental adaptation, mechanisms of evolution (natural selection, genetic drift, bottleneck effect, founder principle, sexual selection), fitness, speciation mechanisms, phylogenetic trees, and human evolution7.
[bookmark: _32hioqz]Summary
The situation in Cyprus concerning evolution education is dramatically deficient. Evolution is taught only in the third year of upper secondary school, when the subject of Biology is not compulsory. That means that a secondary school graduate may have never been taught evolution during his/her studies in secondary school.
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[bookmark: _Toc59526716]Czech Republic
[bookmark: _2grqrue]General information
In the Czech Republic, lower secondary education lasts four years, and upper secondary education also lasts four years1. After completing a five-year-long primary education (at the age of 10 years),  pupils can follow two distinct educational paths: 
· A second grade of primary school (no entrance exam, lasts four years, and pupils in the age of 15 finish with no certificate),
· “Gymnasium” (entrance exam, lasts four + four years, and students at the age of 19 years finish with the A-level exam),
All students at the age of 15 years complete the compulsory part of Czech education1. They can leave the education system or follow distinct educational paths of upper secondary education:
· continue with “Gymnasium” (entrance exam, lasts four years, and students at the age of 19 years finish with the A-level exam)
· Conservatory (entrance exam, lasts four/six years, and students at the age of 19/21 years finish with the A-level exam/the certificate of Art)
· Secondary vocational school (entrance exam only sometimes, lasts three/four years, and students aged 18/19 years finish with the certificate/the A-level exam).
Each school in the Czech Republic creates its own curriculum based on the National Curriculum for the given type of school2–4.
[bookmark: _vx1227]Lower secondary education
During lower secondary education, Biology is a compulsory subject in all schools. Biology is taught in every grade, typically 2 hours per week. In the National Curriculum for lower secondary education, there are just a few topics taught about evolution: origin and evolution of life, views on the origin of life, and human phylogeny2. Evolutionary topics are mostly taught in the first grade of lower secondary education in the context of “common biology” or in the last grade in the context of “geology.” Human evolution is mostly taught in the third grade of lower secondary education in the context of “human biology.”5 
[bookmark: _3fwokq0]Upper secondary education
During upper secondary education, Biology is a compulsory subject in “Gymnasium” (and is generally taught for 2 hours per week in every grade) and an elective subject in other types of school. In the National Curriculum for the “Gymnasium,” the following topics about evolution are mentioned: origin and evolution of living systems, evolution, system and evolution of plants, system and evolution of animals, human evolution, human genetics, and heredity and variability3. Evolutionary topics are mostly taught in the first grade of upper secondary education in the context of “common biology” or “cell biology” or in the last grade in the context of “genetics.” Human evolution is mostly taught in the third grade of upper secondary education in the context of “human biology”5.  
[bookmark: _1v1yuxt]Summary
In summary, the situation in the Czech Republic is diverse due to the very general mention of evolutionary topics in the National Curriculum. Each school (and each teacher) devotes a different amount of time and attention to this topic. All pupils who passed Czech lower secondary education should have been taught about the origin of life and human evolution. Nevertheless, students who enter university typically pass their upper secondary education at “Gymnasium,” where they should also be familiar with evolutionary and genetic issues. 
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[bookmark: _Toc59526717]Finland
[bookmark: _19c6y18]General information
In Finland, the basic education in comprehensive school is compulsory for all children and lasts nine years. School starts when the children are 7 years old. The first six years are spent in primary school and the latter three years in lower secondary school. After comprehensive school, students continue to the upper secondary level, which is either general upper secondary education or vocational education and training1–3. Students with a certificate from lower secondary school, a completed syllabus with corresponding knowledge and skills, or otherwise shown sufficient readiness can apply for general upper secondary education, which typically takes three years to complete. At the end of school, the students take the Finnish matriculation examination, which provides general eligibility for higher education offered by universities and universities of applied sciences. Basic and secondary education are free of charge up to higher education.
The Ministry of Education and Culture is responsible for the education policy, and the Finnish National Agency for Education implements policy aims, for instance, by making the national core curricula for basic and secondary education. At the local level, the implementation of the educational standards of national curricula including the objectives and core contents of different subjects is based on the decisions of local authorities, most commonly municipalities, joint municipal authorities, or separate schools1–3. The curricula provide teachers with autonomy and freedom to choose their content and teaching methods to fulfill curricular goals4. Textbooks, written by teachers and other experts in subject education, play an important role in Finnish education, but their contents are not inspected by the Agency of Education. It is the responsibility of the teacher to choose suitable materials for their Biology teaching5.
[bookmark: _3tbugp1]Lower secondary education
Lower secondary education is a part of the basic education, lasting three years between Grades 7 and 91. Biology is compulsory for all grades and is taught as a single subject, usually having three or four courses in the lower secondary school. The schools can decide on which grade (7–9) the different contents are taught to fulfill the learning objectives concerning knowledge, understanding, and skills as well as attitude and value-based goals in Biology education. Evolution is included in all course content and skill objectives but is mostly considered in the content area named “What is life?” The main themes for evolutionary education are the basics of evolution, concerning the evolutionary history of life, variation, speciation, structural and functional adaptations between species and habitats, and the role of heredity in evolution. 
[bookmark: _28h4qwu]Upper secondary education
During upper secondary education at Grades 10 to 12, there are two compulsory courses in Biology: “Life and evolution” and “Ecology and environment,” and three advanced courses “Cell and heredity,” “Human biology,” and “Applications in biology.”2 The five courses form the scope of the matriculation examination, but students are free to choose any number of courses between two and five. Individual schools can have additional elective courses in Biology. 
Understanding the significance of evolution is highlighted as one of the central aims of Biology education. Evolution is considered especially in the first and third course. In addition to Darwinian evolution, the genetic basis of evolution is emphasized (modern synthesis). The main themes in the first course are evolutionary theory, the evolutionary history of life, variation, mechanisms and outcomes of evolution, such as the origin of life, DNA, genes and gene expression, evolutionary continuity, natural selection, adaptation, speciation, extinction, the phylogenic tree of life and biodiversity. In the third course, evolution-related contents are mentioned: DNA and RNA, epigenetic regulation, genes and alleles, meiosis and recombination, gene inheritance, and the passing on of traits from generation to generation, and mutations and mutagens. Teachers’ freedom to choose teaching contexts, contents, and methods allow variation in the implemented curriculum: for example, some teachers use evolution as a central theme for genetics teaching6, whereas others concentrate less on evolution. 
[bookmark: _nmf14n]Summary
In Finland, standardized national curricula provide a common direction and basis for the educational organizers to plan and implement local school education. According to the curriculum1, the students should be familiar with the basics of evolution and be able to describe how life and biodiversity have evolved on Earth as a result of biological evolution. Thus, after lower secondary school, the students should understand the basic idea of evolution from common ancestors to the current biodiversity. However, applying evolutionary concepts, such as the concept of “adaptation,” is challenging, as found in a national assessment7. In upper secondary school, the students deepen their understanding of evolution, also emphasizing the genetic basis of evolution. In the matriculation examination, students have frequently answered the questions on evolution and, on average, scored well when compared to other themes in Biology in the examination8. 
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[bookmark: _Toc59526718]France
[bookmark: _1mrcu09]General information
In France, lower secondary education generally lasts three years and upper secondary education either two (for a professional certificate termed “CAP”) or three (for the “Baccalauréat”)1. The French lower secondary education is common for all students in schools that are referred to as “Collèges.” After completing lower secondary education, the students go to “general,” “technical,” or “professional” educational paths for upper secondary education in schools that are termed “Lycées.” In France, the curricula are the same for all students in the country. All of these are oriented by the Minister of National Education of Youth and Sports. 
[bookmark: _46r0co2]Lower secondary education
During lower secondary education (from “5ème” to “3ème”), Biology is a compulsory subject that is always taught with Geology for one hour and a half by week. In France, Evolutionary Biology lessons begin in the last primary education year in “6éme” with deep time, past and present biodiversity, and phylogenetic relations (e.g., homology, fossils)2. Then, in lower secondary education, from “5éme” to “3éme”, the French national school program published in 2017 also comprises evolutionary topics: human evolution, sexual recombination during meiosis, mutations, and natural selection as examples for mechanisms of evolution2.
[bookmark: _2lwamvv]Upper secondary education
During upper secondary education (from “seconde” to “terminale”), Biology is mostly an elective subject. For students on the “professional” and “technical” paths, Biology is focused on human biology and biotechnology. No part of the national program for these two paths specifically concerns evolutionary biology (except for a few bioinformatics phylogenetic analyses). On the contrary, in the first year of the “general” path, all students have a Biology (and Geology) class (1.5 hours per week). The national program indicates that evolutionary biology must be studied at the population scale: genetic drift and natural (and sexual) selection. Moreover, deep time including the concepts of speciation and extinction is illustrated3. In the “première” and “terminale” grades, students who have chosen Biology (and Geology) attend an advanced course (4 hours per week in “première“ then 6 hours per week in “terminale“). To complement what was previously studied in “seconde,” new topics such as human evolution, mutations, bacterial evolution, sexual reproduction and diversity, horizontal genetic transfer, symbiosis and endosymbiosis, and population genetics and the Hardy–Weinberg law are studied in these grades and part of the “baccalauréat” exam3. 
[bookmark: _111kx3o]Summary
To conclude, the situation in France is the same in all the different regions of the country: all students who passed the French secondary education have been taught about evolution at least during lower secondary education with no exception. It can be stated that French students will generally be familiar with the evolutionary concepts human evolution, adaptation, mutations, and natural selection as examples for mechanisms of evolution, variation, Darwinian evolution, and phylogenetic relations (e.g., homology, fossils, mosaic types).
However, it is remarkable that Biology as a subject is not mandatory in upper secondary education in France. Therefore, students who enter university may have attended their last evolution lessons two or three years before.
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[bookmark: _Toc59526719]Germany
[bookmark: _4k668n3]General information
In Germany, lower secondary education typically lasts six years and upper secondary education three1. German lower secondary education is structured in differentiated branches. After completing primary education, the students follow distinct educational paths resulting in different certificates at the end of lower secondary education. Only students who completed the “Gymnasium” path get access to upper secondary education, termed “Gymnasiale Oberstufe.” 
Germany is divided into 16 federal states, each of which have their own curricula2–28. All of these are oriented towards national educational standards29, developed by the Standing Conference of the Ministers of Education and Cultural Affairs of the Länder in the Federal Republic of Germany.
[bookmark: _2zbgiuw]Lower secondary education
During lower secondary education (usually Grades 5–10; in Berlin Grades 7–1027), Biology is a compulsory subject in all German federal states. However, in most federal states, Biology is one part of the subject “Science” in Grades 5–6 and is not taught as a separate subject30. Also, Biology is not taught in every grade30. 
In almost all of the curricula, evolution is taught. The federal state of Bremen is an exception because evolution is only part of the upper secondary education curriculum7. Evolution is mostly taught in Grade 8 or 9 at first (e.g., in Baden-Württemberg21, Berlin27, and Thuringia28). In about half of the German federal states, the evolutionary topics human evolution, adaptation, mutations, and natural selection as examples for mechanisms of evolution, variation, Darwinian evolution, and phylogenetic relations (e.g., homology, fossils, mosaic types) are covered during lower secondary education. Speciation, phylogenetic trees, and deep time are seldom part of the curriculum in lower secondary education (but see, for example, Hesse4, Mecklenburg-Western Pomerania17, and Thuringia28).
[bookmark: _1egqt2p]Upper secondary education
During upper secondary education (usually Grades 11–131), Biology is an elective subject. If students choose Biology, they can attend either a basic course (typically 2–4 hours per week31) or an advanced course (usually 5 hours per week31). Speciation is part of both the upper secondary Biology curriculum for basic and advanced courses in almost all German federal states. In most states, phylogenetic trees, mutations, recombination, and natural selection as examples for mechanisms of evolution, variation, phylogenetic relations (e.g., homology, fossils, mosaic types), and human evolution are part of the curriculum. Deep time and genetic drift are seldomly covered in both basic courses (but see, for example, North Rhine-Westphalia23 and Rhineland-Palatinate20) and advanced courses (however refer to, for example, Saxony26 and Hesse5).
[bookmark: _3ygebqi]Summary
In sum, the situation in Germany is diverse due to the unstandardized curricula in the federal states. Nevertheless, almost all students who passed the German secondary education should have been taught about evolution at some time during their school career. The only exceptions are students who passed their secondary education in the federal state of Bremen and did not choose to attend Biology in upper secondary education. It can be stated that German students will generally be familiar with the evolutionary concepts human evolution, adaptation, mutations, and natural selection as examples for mechanisms of evolution, variation, Darwinian evolution, and phylogenetic relations (e.g., homology, fossils, mosaic types).
However, it is remarkable that the subject Biology is not mandatory in upper secondary education in Germany. Therefore, students who enter university may have attended their last evolution lessons approximately two or three years ago.
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[bookmark: _Toc59526720]Greece
[bookmark: _3cqmetx]General information
The Greek constitution clearly states that education in Greece should be free for every citizen at any educational level. The Ministry of Education and Religious Affairs (MERA) is the central administrative body for education, and no differences exist between the education provided to students of different regions1. Children in Greece begin school at the age of 4 years, when they enter nursery school—pre-primary education (prenursery and nursery grades)—and after two years, they enter primary education, which spans six years (Grades 1–6). After the completion of primary education, children enter secondary education, which is divided into two cycles: Grades 7–9 make up the lower secondary education (Gymnasium), which is compulsory; Grades 10–12 make up the upper secondary education (Lyceum), which is optional. Students who decide to follow the upper secondary education studies may choose between two kinds of lyceums: general or vocational. Therefore, compulsory education in Greece lasts 11 years, from pre-nursery until the end of lower secondary. 
For people who are working and therefore cannot attend day schools, they can continue their studies in the evening lyceums. Students who complete any one of the above-mentioned lyceums have the option to continue to tertiary education after sitting for the National Exams, which differ according to the type of Lyceum. The National Exams also differ according to the direction of future studies. For example, students willing to enter into a Biology department can sit for the exams of 4 subjects: Physics, Chemistry, Language, and either Biology or Math (most students choose Biology in this case).
As mentioned above, the Greek education system is centralized. The curriculum for all school grades, from pre-primary to secondary education, is considered the legal responsibility of the central government. The learning goals for each subject in each grade are clearly stated, and teachers are obliged to teach in a way that ensures that these goals will be achieved. Decisions about the distribution of teaching hours per subject (Physics, Math, Language, etc.) are political and, unfortunately, change very often, because in Greece there is the phenomenon that each time a new Minister of Education and Religious Affairs is appointed, he/she changes either the subjects and their distribution of hours per week/grade or the National Exams System or—most of the time—both2–6. Unfortunately, these decisions are not taken based on scientific facts nor based on an evaluation that would expose the vulnerabilities of the old system that should be corrected or replaced7. The subjects that are the most unstable in all these reforms are the social and physical sciences; therefore, Biology is one of them.
Until recently, evolution teaching has been very poor8 and inadequate because it was almost eliminated from the secondary education curriculum; even where it existed, the chapters devoted to evolution in the official Biology textbooks (in Greece, there is only one textbook for each subject, which is approved by the Ministry of Education and Religious Affairs and provided to students of all public schools at no cost) were always at the end of the book, resulting in most teachers ultimately not teaching them due to a lack of time9. 
Interventions of the Greek Orthodox Church and its institutions may also be one of the factors that negatively affected the introduction of the teaching of evolution into the Greek secondary education10. As evident from the title of the Ministry but also from other issues occurring in schools—Greek students praying altogether in the school’s yard every morning, a picture of Christ hanging over the blackboard almost in every school classroom, a religious school course (mostly about Christianity and the speech of God) present in each school grade, etc.11—Greek society is one of the most religious in Europe and one where the Church or religious institutions are historically strong12. Krimpas13, the author of a Biology school textbook, reported that a sentence in his book mentioning that men and apes share a common ancestor was censored due to the interventions of the Church. Although Stasinakis and Kampourakis14 do not share the same opinion about the major role that the Church has played in obstructing the entrance of evolution in the Greek schools, Αthanasiou et al. also support the idea that the Greek Church was responsible for the fact that evolution was not properly addressed in Greek schools15. 
From 2020–21 on, we hope this will change because evolution is going to be taught to Grade 11 students for 18 hours (11 hours for night schools). We anticipate that this approach will help towards improving future Greek citizens’ knowledge and acceptance of evolution, but we should take into consideration that Greek students in our sample have been subject to the previous conditions where evolution was not strongly present in the curriculum.
[bookmark: _1rvwp1q]Lower secondary education
As aforementioned, Grades 7–9 make up lower secondary education. Biology is compulsory in all three grades and is taught for 1 hour (45 minutes) per week per year, has its own curriculum, and appears separately in the school program as “Biology.” Therefore, it is taught as a stand-alone subject matter, not as part of Science. However, in the Greek education system, the subjects of Chemistry, Physics, Biology, and Geology are not always taught by teachers of the same specialty; therefore, in some schools, Biology can be taught by a Physics teacher and vice versa, which we consider a major problem for the teaching of Biology because some teachers, such as Physics ones, may have never studied Biology during their undergraduate studies and, therefore, have no more knowledge about Biology than any other Greek citizen graduating upper secondary education. 
In lower secondary education, evolution is taught only in Grade 9 for 5 hours. Therefore, students who complete lower secondary education according to the curriculum will have been taught about the following evolutionary concepts according to the curriculum: today’s biodiversity is a result of the continuous process of evolution, evidence in favor of common ancestry, organisms’ structure and function relates to their environment, natural selection and its role, the mechanism by which natural selection acts and organisms are evolving, and human evolution. It is also suggested that teachers should clarify the concepts of “species” and “population” before beginning to teach evolution.
[bookmark: _4bvk7pj]Upper secondary education
Grades 10–12 make up upper secondary education. Biology is compulsory for all students in Grades 10 and 11 grades for 2 hours/week/school year. In Grade 12, Biology is taught only to students who decide to follow the direction of studies that would allow them to sit for the national exams to be accepted in a department related to Health Sciences, in which case they are taught Biology 6 hours/week/school year. In the evening schools, there is a difference in the hours that Biology is taught in Grade 11 (i.e., 2 hours/week in the fall semester and 1 hour/week in the spring semester). Biology is taught as a stand-alone subject matter in every grade, and evolution is taught only in Grade 11 (second upper secondary education), for 18 hours/year in day schools or 11 hours/year in night schools5.
[bookmark: _2r0uhxc]Summary
Students who complete lower and upper secondary education in Greece will have been taught about evolution for 23 hours (except for those who will complete night schools and will have been taught 16 hours). Students who will finish their education in a vocational lyceum will have been taught evolution 5 hours only (the hours of lower secondary education). The evolutionary concepts students are considered to be familiar with after they finish their school studies based on the state’s curriculum are: classification of organisms (based on phylogeny), evolution is an ongoing process, and today’s biodiversity is the result of this process, evidence (biochemical and other) of a common ancestry, an organism’s structure and function are strongly related to its environment, Lamarck’s theory about evolution, evolution through natural selection, and human evolution.
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[bookmark: _Toc59526721]Hungary
[bookmark: _25b2l0r]General information
Hungary has a complex educational system where multiple paths through primary and secondary education are possible1. Secondary education can last for four, six, or eight years. The most common form is eight years of primary education (Grades 1–8) and four years of secondary education (Grades 9–12) in a gymnasium or a vocational high school. Few gymnasiums offer 8 years of secondary education (Grades 5–12), and the six-year model (Grades 7–12, often with an extra “language year”) is becoming increasingly popular. These differences are not regional, and different school types can be found all over the country. All secondary schools select their students using a centralized entrance examination procedure.
The educational standards are included in a national core curriculum (Nemzeti Alaptanterv—NAT), which is mandatory for all public schools. Alternative private schools may develop their own curricula, but it has to be approved by the Ministry of Education, and are mostly consistent with the NAT. Because education in Hungary is predominantly public, the NAT determines the concepts that are taught for the vast majority of the pupils in the country. The NAT has undergone major changes in 20202, but because the current knowledge of pupils and first-year students might be reflective of the previous NAT (accepted in 20123), we will cover both briefly. 
[bookmark: _kgcv8k]Lower secondary education
Regardless of the path a student takes through the Hungarian educational system, Biology is mandatory for everyone. In Grades 5 and 6, Biology is part of a complex “science” curriculum, whereas during Grades 7 and 8, it is taught as an individual subject. 
Although there might be some exceptions, the teaching of evolution and related concepts are usually part of the Grade 7 curriculum (rarely covered only in Grade 8). Students will learn about evolutionary concepts including direct and indirect evidence of evolution, natural selection, fitness, speciation, and human diversity and archaic humans and the evolution of Homo sapiens.
[bookmark: _34g0dwd]Upper secondary education
Due to the introduction of the new NAT, the teaching of Biology in secondary education is being revamped. Until 2020, Biology was mandatory in Grades 10–12, whereas the new curriculum makes Biology mandatory during Grades 9 and 10. During the last two years of their secondary education, students can optionally choose to learn Biology as a separate subject or as part of a complex science curriculum (vocational schools are an exception because in those cases, Biology is being included in a complex science curriculum for Grades 9 and 10 as well). 
In the earlier version of the NAT, the students first learned about Darwin’s work, systematics and phylogenetics in general, and Whittaker’s “five kingdoms” classification in particular. This was followed by divergent topics in macro- and microevolution, such as basic concepts of population genetics (Hardy–Weinberg equilibrium), natural and artificial selection, evolutionary fitness, genetic drift, speciation, reproductive and geographic isolation, adaptive radiation, divergence, convergence, abiogenesis, endosymbiosis, human evolution, and fossils and other proofs of evolution. In the current NAT, the concepts that are taught during Grades 9 and 10 are as follows: the origins of life on Earth (abiogenesis—Miller–Urey experiment, the results of Oparin and Gánti—and panspermy), classification based on the three domains system, endosymbiosis and the origin of eukaryotes, the work of Darwin, natural and artificial selection, genetic drift, speciation, reproductive and geographic isolation, adaptive radiation, divergence, convergence, abiogenesis, endosymbiosis, human evolution, fossils and other proofs of evolution, and major transitions in evolution. 
[bookmark: _1jlao46]Summary
To conclude, whereas the educational system is diverse in Hungary, thanks to the centralized curricula, all students will learn about the basic evolutionary concepts during primary and/or secondary education. By the end of their secondary education, Hungarian students should encounter not only multiple lines of evidence that support Darwinian evolution in general, but they will learn in detail about human evolution and can become familiar with more intricate concepts as well, such as genetic drift.
Recent surveys show that in Hungary, a significant majority accepts evolutionary concepts4, which might be reflective of the relatively detailed Biology curriculum.
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[bookmark: _Toc59526722]Italy
[bookmark: _xvir7l]General information
The Italian school system comprises Kindergarten (Scuola dell’infanzia, age 3–6 years), Primary School (Scuola Primaria, Grades 1–5, ages 6–11 years), Lower Secondary school (Scuola Secondaria di I grado, Grades 6–8, ages 11–14 years), and Upper Secondary School (Scuola Secondaria di II grado, Grades 9–13, ages 14–19 years). The first instruction cycle includes Grades 1–8, and the second instruction cycle includes Grades 9–13. Compulsory education extends from Grades 1 to 10 (ages 6–16 years; Grades 9–10 can also be attended in regional training centers)1,2.
Whereas Primary School and Lower Secondary School curricula are the same throughout the country3, Upper Secondary School is branched in different school types: Liceo (lyceum), Technical and Vocational high schools, each one with further specializations (e.g., for Liceo, science, humanities, art, and languages; e.g., for Technical high school, economics, agriculture, computer science, and chemistry). 
Liceo is aimed to prepare students to attend university and provides general education on various subjects, mainly theoretical. Technical high school is more oriented towards employment but also prepares students for university (i.e., engineering, economics); Vocational high school is also aimed at employment and allows to attend university but provides more practical subjects and work experience. 
To access Upper Secondary School, students have to pass a final exam at the end of the first-instruction cycle (Grade 8). At the end of the second instruction cycle (Grade 13), students must pass a State exam. The access to university is not limited to specific Upper Secondary School types.  
For each of the school types, the taught curriculum is unique across the country and is issued by the Ministry of Education3–6. For all school types, the Ministry of Education guidelines provide syllabi and educational standards3–6. 
[bookmark: _3hv69ve]Lower secondary education
Lower secondary education includes Grades 6 to 8. The curriculum is the same across the country, and every subject is compulsory, with the exception of Catholic Religion. Biology is taught every year within Natural Sciences (Biology, Chemistry, Physics, Earth Sciences, and Astronomy) by a teacher who also teaches Mathematics. The majority of Natural Sciences teachers possess a degree in Biology or Natural Sciences, although those with a Mathematics degree are also allowed.
The official teaching time for Natural Sciences is 2 hours per week. 
Ministry of Education guidelines only prescribe educational standards and learning goals at the end of the school segment (Grade 8); hence, teachers have some level of autonomy in timing these topics. Evolutionary concepts are generally taught in Grades 7–8. In the Ministry of Education guidelines, the following evolutionary concepts are specified: evolution of organisms over time, classification, fossils as evidence for evolution, and variability within species.
[bookmark: _1x0gk37]Upper secondary education
Upper secondary education includes Grades 9 to 13 and is offered through different school types. In most Liceo specializations, Biology can be taught every year within Natural Sciences (Biology, Chemistry, Earth Sciences, and Astronomy). In a few Liceo specializations, Biology is taught only until Grade 10. Ministry of Education guidelines only prescribe topics to be taught within the first biennium (Grades 9–10), second biennium (Grades 11–12), and Grade 13; therefore, teachers can choose to teach Biology only in some years and—in reality—Biology is generally taught from Grade 10 onwards7. Teaching times, as well as the deepening of the subject, can substantially vary among different Liceo specializations: by choosing a specialization, students can select the level of the Natural Sciences course. In the Ministry of Education guidelines, the following evolutionary concepts are prescribed for Liceo: evolution and systematics.
In Technical and Vocational high schools, Biology is taught only in Grades 9–10 together with Earth Sciences for a limited teaching time (2 hours per week); thus, the course level is basic Biology. In a few specializations (biotechnology, agriculture), there is an additional Biology teaching focusing on practical applications of Biology. It is worth noting that despite the scarcity of Biology teaching time, evolutionary topics prescribed in the Ministry of Education guidelines for Technical and Vocational high school programs are more detailed than for Liceo high school. 
In Technical and Vocational high schools, the following evolutionary concepts are prescribed: origin of life, first eukaryotic cells, autotrophs, and heterotrophs; Darwin’s life and work, evolutionary theory, fixism, and creationism; organism classification and the criteria used for classification; and human evolutionary history and the complexity of hominid phylogenetic tree.
[bookmark: _4h042r0]Summary
In Italy, Evolution is taught at different levels, both in lower and upper secondary school. Ministry of Education guidelines, in force throughout the entire country, give a general prescription on learning goals, usually with few details, but Natural Sciences or Biology textbooks address evolutionary topics with due extent and detail. Therefore, it can be stated that every Italian student has received some teaching about evolution, generally between Grades 7–8 and 10–11, well before leaving secondary education (except for 2004, when a reform8 removed references to evolution from the Lower secondary school syllabus. The removal was revoked in 2005, after massive protests, and evolution was reintroduced in this school segment). However, the teaching time and the degree of deepening of evolution vary considerably across school types. The most frequently addressed evolutionary topics in Italian schools are the evolution of organisms along time and classification of organisms. Interestingly, human evolution is a prescribed topic in Technical and Vocational high schools, but it is also addressed in Primary school within the History curriculum.
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[bookmark: _Toc59526723]Latvia 
[bookmark: _2afmg28]General information
The Latvian education system consists of pre-school education, primary education, secondary education, and higher education. General education lasts a total of 12 years, including compulsory nine-year primary education and three-year secondary education. Also, pre-school education at the ages of 5–6 years is compulsory in Latvia1. The basic education level includes general primary education (Grades 1–9) and basic vocational education. Secondary education includes general secondary education, vocational secondary education, and vocational education. Secondary education is not divided into lower and upper secondary education. The higher education degree includes both academic and professional study programs1. The education system of Latvia is administered at three levels—national, municipal, and institutional. The Parliament (Saeima), the Cabinet of Ministers, and the Ministry of Education and Science are the main decision-making bodies at the national level2. In Latvia, there is a central curriculum for the entire country.
[bookmark: _pkwqa1]Primary education
Primary education begins in Grades 1–3 and 4–6 and continues in Grades 7–9. The standard of basic education refers to the content of studies and approach regarding how to teach students from Grades 1 to 9. The basic education standard includes the main goals and tasks of each stage of education, the content to be acquired, the basic principles and procedures of student assessment, as well as samples of curricula3. The objectives of the study content are set for three years, respectively: Grades 1–3, 4–6, and 7–9. Schools have the right to design their daily teaching more freely to achieve goals of the standard, adapting, as far as possible, an appropriate curriculum to the students for each stage of basic education4. 
In Grades 1–6, the subject Science is taught, but in Grades 7–9, Biology is taught. In the science course (Grades 1–6), students learn to understand that living organisms grow, change, and develop5. Understanding of evolutionary issues is developed in the context of learning other biology topics. During the acquisition of basic education, in Biology courses (Grades 7–9) the main emphasis is placed on the unity of the structure and life processes of living organisms (plants, animals, humans), as well as the interaction and mutual development of organisms and the environment6. Mastering a Biology course, the topics of evolution are included in other broader sections of Biology. While studying Biology in Grades 7–9, students learn that the diversity of organisms is the result of evolution as organisms adapt to variables environmental conditions7. Examining various organisms, cells, and tissues under a microscope, as well as classification schemes and using phylogenetic, systematic, and evolutionary models, students learn and can explain that the diversity of organisms is the result of evolution, with organisms adapting to the living environment over time7. 
[bookmark: _39kk8xu]Secondary education
The new secondary education model in Latvia envisages: to reduce the number of subjects to enable students to purposefully choose and specialize in the chosen subjects; acquisition of study content at three levels (general, optimal, and higher) and state examinations of the level of acquisition of study content. Acquisition of study content at the optimal level is sufficient to enter a higher education institution. Acquisition of content is in the form of courses—basic, advanced, and specialized courses. There is a set number of hours for each course that the school can flexibly plan over a longer or shorter period of time. Each secondary school offers two choice baskets or course sets with at least three advanced courses. Acquisition of advanced courses equates the opportunities of Latvian students with some of the best education systems in the world8. Secondary schools offer basic courses in each field of study—at a general or optimal level, in coordination with the offer of advanced courses. Specialized course programs are developed by schools following the State General Secondary Education Standard8. 
At present, all students at the secondary level have to acquire the same content specified in the educational standard in general education subjects. At the same time, in vocational education institutions, secondary schools, and public gymnasiums, the number of lessons in certain subjects may vary, but state examinations must all be taken equally3. The general level of acquisition determines the results to be achieved by each pupil in general and vocational secondary education. The study content defined at the optimal level is essential for a comprehensive general secondary education, whereas the study content determined at the highest level is necessary for the student's intended studies at the university. 
Biology is taught in secondary school in Grades 10, 11, and 12 as a single subject. The secondary school Biology content is divided into six parts: 1. Environment and organism evolutionary changes. 2. Cell division. 3. Secrets of DNA. 4. Heredity of the traits of the organism. 5. Immunity of the organism. and 6. The functioning of cells and organism9. The main knowledge of the theory of evolution students acquire in the first section: Environment and organism evolutionary changes, but in other sections, students' understanding of the theory of evolution is broadened. After completing a secondary education Biology course, students can substantiate their views on the theories of the origin of life and the essence of the theory of evolution, using various sources of information10.
[bookmark: _1opuj5n]Summary
In summary, the situation in Latvia is that during basic education, topics of evolution are included in other chapters of Biology, but during secondary education, there is a topic—Environment and Organism Evolutionary Changes—where evolution ideas are taught separately. Almost all students who pass the Latvian secondary education should have been taught about evolution. The content and thoroughness of learning evolutionary topics depend on the level at which the student is taking a Biology course—as a basic, advanced, or specialized course. 
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[bookmark: _Toc59526724]The Netherlands
[bookmark: _1302m92]General information
In the Netherlands, there is a distinction between lower and upper secondary education, but without any certificate. Similar to Germany, lower secondary education is structured in differentiated branches. After completing primary education, the students can follow distinct educational paths resulting in different certificates, VMBO (2 years lower, 2 years upper), HAVO (3 years lower, 2 years upper), and VWO (3 years lower and 3 years upper education)1.
The path for secondary education is based on (1) a test in the last year in primary school, (2) advice from the school itself, or (3) an admission test2,3.
Whether or not students can follow different paths for upper secondary education depends on their marks in the first three years, during which time they can still switch between levels. After the third year, this is less common. Although certain special schools may have a distinct structure, all schools have to comply with central educational standards, with no distinction between regions1.
[bookmark: _3mzq4wv]Lower secondary education
During lower secondary education (VMBO: Grades 7–8; HAVO and VWO: Grades 7–91), Biology is a compulsory subject, but schools can choose whether they teach it primarily in the first, second, or third year of lower secondary education4,5. Biology is taught as a separate subject4,5.
Evolution is taught mainly in the second and third year of lower secondary education, but this can differ between schools6. The following evolutionary concepts are taught during lower secondary education: population change, variation selection, mutation, speciation, and human evolution6.
[bookmark: _2250f4o]Upper secondary education
During upper secondary education (VMBO: Grades 9–10; HAVO: Grades 10–11; VWO: Grades 10–121), Biology is a compulsory subject only for the ‘Nature and Health’ profile/path. Additionally, it is often chosen as an optional course in the ‘Nature and Technology’ profile/path4,5. Apart from that, there is no distinction between a basic and an advanced Biology course4,5. Evolution is addressed in the Biology course in all grades of upper secondary education4,5. The following evolutionary concepts are taught during upper secondary education: (Mendelian) genetics, heritability, population change, phylogenetic trees, and speciation6.
[bookmark: _haapch]Summary
In the Netherlands, all students that follow secondary education will have Biology classes, but to what level depends on the profile they are enrolled in. They all will be taught evolutionary concepts, also depending on what level on the chosen profile. Evolutionary concepts such as human evolution, adaptation, (genetic) variation, and natural selection are addressed during lower secondary education. Considering upper secondary education, concepts including phylogenetic trees, mendelian genetics, and Hardy–Weinberg principles are addressed in the compulsory Biology course in the “Nature and Health” profile and the non-compulsory Biology course in the “Nature and Technology” profile. 
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[bookmark: _Toc59526725]Poland
[bookmark: _1gf8i83]General information
[bookmark: _40ew0vw]The Polish educational system has undergone several major changes since the year 20001,2. The previous system, which prior to the year 2000 included eight grades of primary education and three to five grades of secondary education, was modified by the introduction of the reformed system consisting of primary education (“szkoła podstawowa,” Grades 1–6), lower secondary education (“gimnazjum,” Grades 1–3), and upper secondary education (three-year general upper secondary school “lyceum,” or four-year technical upper secondary school “technikum”)3,4. Other secondary and professional education schools (such as vocational schools) were also present3,4. However, they are less relevant for Biology teaching. In 2017, the school reform was partly reverted, and currently, the Polish educational system consists of eight-year primary school (“szkoła podstawowa”) and the newly reformed system of upper secondary education that includes four-year general secondary school (“liceum”) or five-year technical secondary school (“technikum”)1,2,5. They both end with an external secondary school exit exam (Matura). Passing this exam gives access to higher education. There is also a separate post-primary school system of vocational schools (stage I, three-year sectoral vocational school (“szkoła branżowa I stopnia”) and stage II, two-year sectorial vocational school (“szkoła branżowa II stopnia”)) providing job-specific training to students who pursue one of the skilled trades5. 
It needs to be highlighted that the Polish educational system is coordinated at the national level2, which means that all provinces—or voivodeships—have the same schooling system and use the same educational standards as well as adhere to the same curriculum2,5.
[bookmark: _2fk6b3p]Primary education
According to the National Curriculum, science is a mandatory content area at all education levels and in all types of schools5,6. Lower grades of primary school (Grades 1–3) are taught an integrated science program conveying general topics from Biology and other sciences, suitable for the youngest children4. In Grade 4, Biology is taught as part of an integrated “Natural Sciences” subject—but it lacks any reference to evolution or its importance in Biology. From Grade 5, Biology becomes a compulsory subject throughout primary school, and its curriculum contains a clear reference to biological evolution5. The National Curriculum singles out, among other educational goals related to Biology teaching, the ability to understand and to show that biodiversity is the result of biological evolution. Consequently, it focuses on three major points while teaching biological evolution5,6: the essence of the process of evolution and scientific evidence supporting the current understanding of biological evolution; understanding of the mechanism of natural and artificial selection, and the comparison of both; and differences and similarities between humans and other apes as results of evolutionary processes.
However, in the majority of cases, biological evolution is taught close to the end of primary school, often in a superficial manner (sometimes teachers run out of time, struggling to include all topics in their teaching, or they do not feel competent to teach evolution correctly).
[bookmark: _upglbi]Secondary education
[bookmark: _3ep43zb]After completion of compulsory science education in primary school, students of a general upper secondary school and a technical upper secondary school are obliged to select one of two options of further science education—either science subjects in an extended scope, preparing for the secondary school exit exam, or an interdisciplinary supplementary subject6,7. If Biology is elected as a supplementary subject (“basic level”), evolution is usually included at the very end of the secondary school education (although teachers may decide to incorporate some of its components earlier). It typically includes the history of evolutionary thought and research, the mechanism of natural selection, the importance of variation, the role of adaptation and neutral evolution (drift), the concept of phylogenetic trees, fundamentals of populations genetics (e.g., retention of harmful recessive alleles), biogenesis and history of life on Earth, and the evolution of primates, apes, and humans6,7. However, most of the above topics are taught rather briefly because students generally attend one hour of Biology weekly in Grades 1 and 3, and 2 hours in Grade 2; at the basic, supplementary level, there is no Biology in Grade 4. 
Biology taught as one of the major subjects (“extended level”) includes additional, more specific topics such as the types of natural selection (stabilizing, disruptive, directional), the Hardy–Weinberg equilibrium, types of speciation, adaptive radiation, and the impact of environmental changes on evolutionary processes6,7. Students attending extended Biology classes attend 4, 5, and 7 hours of Biology weekly in the first three grades, respectively; in the last grade, they have 6 hours of Biology per week. At the same time, both the basic and the extended Biology curricula also include other important topics, taught as parts of other themes (e.g., biological diversity at various taxonomical levels, fundamentals of genetics (molecular and classical), etc.).
[bookmark: _1tuee74]Summary
To conclude, biological evolution is present in the Polish school curricula for Biology teaching, both at the primary and secondary levels of education. However, its proper understanding may be affected by several factors: (i) evolution is usually taught at the end of each stage’s curriculum, which often marginalizes this topic due to the tight time-schedule devoted to all Biology topics; (ii) basic-level secondary school Biology students do not continue learning evolutionary biology in the last year of secondary school education; (iii) the curriculum is packed with traditional approaches to teaching evolution, often regarded as old fashioned (e.g., the so-called traditional proofs for the existence of biological evolution). It also lacks modern topics, such as the relevance of evolution in ongoing global climate change and the role of evolution in emerging pandemics or antibiotic resistance. Thus, school students are equipped with varying levels of understanding of biological evolution, depending on the type of school, as well as the teaching experience and biological knowledge of their teachers.
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[bookmark: _Toc59526726]Portugal
[bookmark: _184mhaj]General information
In Portugal, compulsory education begins at the age of 6 years (Portuguese Republic Assembly, 2009). Compulsory education extends for 12 years, comprising three cycles of basic education (in a total of nine years) and secondary education (three years)1. The core curriculum in basic education is common for all students, whereas in secondary education, it is structured into differentiated paths. After concluding basic education, students follow distinct educational paths: humanities, arts, science knowledge areas, and also professionally oriented courses (Portuguese Government/Decree-Law 55/2018). All Portuguese schools follow the official curricula, which, since 2018, are oriented towards essential learning goals2-14 for all students.
[bookmark: _3s49zyc]Basic education
During the four years of the first cycle of basic education (Grades 1 to 4), biological evolution is not mentioned in the national education standards2–5. In the two years of the second cycle of basic education (Grades 5 and 6), biological evolution is only mentioned once to explain the “need for sex cell intervention in the reproduction of some living beings and their importance for the evolution of species.”6,7 In the first two years of the third cycle of basic education (Grades 7 and 8). students learn about: i) the history of life and geological time, exploring how fossils are formed and their contribution to the scientific reconstruction of the history of life; and ii) deep time with a focus on the geological eras and the geological conditions that lead to the emergence of life and its maintenance across Earth’s history8,9. In the last year of the third cycle of basic education (Grade 9), evolution is only mentioned to “Explain the relationship between hereditary factors, genetic information and the way sexual reproduction constrains intraspecific diversity and the evolution of populations.”11 Until the end of Grade 9, no explicit mention of natural, sexual, artificial selection, drift, or mutations is found in official national education standards.
Before 2018, the official education standards included additional evolution learning goals that are now removed from extant essential learning goals. These included: understand the impact of environmental changes and biotic interactions in species evolution and extinction; understand how catastrophic events impact intraspecific diversity and species extinction (Grade 8)15; describe how the interaction between parasites and hosts can lead to co-evolutionary processes; relate antibiotic misuse with increased bacteria antibiotic resistance; relate healthy eating habits with disease prevention contextualized within recent human evolution; and understand the importance of using other mammals organs to study human anatomy and physiology based on their evolutionary proximity to humans (Grade 9)16. 
[bookmark: _279ka65]Secondary education
During secondary education, students that attend the science curriculum course11–13 and choose Biology and Geology learn about several topics regarding evolution. The evolutionary concepts that are approached include geological time, fossils and their contribution to the knowledge about the history of Earth and life (Grade 10)11; and the impacts of reproductive strategies in population growth, diversity and survival, the origin of eukaryotic cells, Lamarckism, Darwinism and Neo-Darwinism perspectives, processes of divergent and convergent evolution, and the explanation of biological diversity in the light of accepted scientific theories (Grade 11)12. Students choosing Geology in the 12th grade will also learn about the appearance and evolution of life and the major extinctions of organisms in the past (Pre-Cambrian, Paleozoic, Mesozoic, and Cenozoic), articulated with other Biology content (Grade 12)14. 
Before 2018, the official documents ruling Biology and Geology programs17–20 included additional evolution learning goals that were removed from extant essential learning goals. These included: contrasting evolutionist with fixist ideas (Grade 11)18; and environmental changes and human evolution (Grade 12, Geology)20.
[bookmark: _meukdy]Summary
Currently, in Portugal, the teaching of evolution is mostly absent, at least in an explicit form, in the shared curricula and is only developed during secondary education, within the Biology and Geology subjects. Throughout the first nine years of basic education with an undifferentiated curriculum, only brief references to the origin of life, or sexual reproduction constraints on population evolution are presented, but without connecting it with the concept of evolution.
Thus, currently, only a fraction of Portuguese students are familiar with essential concepts of evolution: those that follow Biology subjects in secondary education. The vast majority of students will end secondary education without a basic understanding of evolution and evolutionary processes and its implications and applications in daily life problems, precluding them from using evolution to make informed decisions, namely about health issues.
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[bookmark: _Toc59526727]Romania
[bookmark: _45jfvxd]General information
In Romania, only the diplomas acknowledged by the Romanian state, according to the legislation in force, are available. The general mandatory education has 11 grades and includes primary education, lower secondary education, and the first two years of upper secondary education. In Romania, lower secondary education generally lasts four years and upper secondary education also four or five years. The Romanian lower secondary education is structured in the following way. After completing primary education, which lasts for five years (Classes 0–4), the students enter the lower secondary education system. There are no restrictions in this way, except graduating from the primary educational level1. The Ministry of National Education (MEN) organizes and leads the national education system, education, scientific research, technological development, and innovation in partnership with both subordinate institutions and institutions under the coordination. At a central level, MEN cooperates with other ministries (e.g., the Ministry of Public Finance for financing schools) and institutional structures subordinated to the Government. The local actions are applied at a local level by county school inspectorates, as subordinated local institutions2. Romania is divided into 41 counties, and all of them share the same curricula for the lower secondary education level.
[bookmark: _2koq656]Lower secondary education
Secondary lower education or gymnasium includes Grades 5–8. Access to the higher level is achieved by a national evaluation examination and distribution in upper secondary education units. As previously highlighted, the Romanian lower secondary level is shared amongst all counties. Concerning Biology, the discipline is part of the Mathematics and Natural Science Curricula. During lower secondary education, Biology is mandatory for Romanian counties. For Grades 5 and 8, 1 hour/week is assigned for Biology, whereas for Grades 6 and 7, 2 hours/week are assigned. As a statement, the Biology curriculum has a focus on Evolution as a key concept in teaching. However, the four grades in the lower secondary education are structured less flexibly. In Grade 5, the content of the Biology curriculum deals with an overview of all living things and their environment and other key concepts such as: the ecosystem, environmental factors, trophic network, human impact, and relationships amongst animals. In Grade 6, the curriculum focuses on the fundamental functions of organisms. Among them, the students learn about the nutritional functions: respiration, feeding, circulation, and excretion in different groups of animals and plants. At this level, students learn about adaption and variation. In Grade 7, students learn about the relation functions: nervous system, endocrine system, locomotion, and also about reproduction in organisms. At this level, the focus is to highlight particularities in different organisms and in a smaller percentage about adaptions and factors that influence these particularities. In Grade 8, students finally learn about evolution specifically. The curricula consist of theories on the origin and evolution of life, direct and indirect evidence of evolution, factors of evolution such as heredity, variability, natural selection, and human evolution. Besides this, they also learn key concepts of biodiversity, ecosystem health, sustainable development, DNA, genes, genetics, and others3.
[bookmark: _zu0gcz]Upper secondary education
Access to the higher level is achieved by a national evaluation examination and distribution in upper secondary education units. The secondary superior education can be high school education, which includes the high school Grades 9–12/13, with the following pathways: theoretical, aptitude-based (vocational), and technological. The alternative consists of a minimum three-year professional education. The graduates of the professional education promoting the certification examination of the professional qualification may attend high school education courses2. Biology is an elective subject at this level. However, if students choose a theoretical pathway, they will learn about 2 hours/week for all of the four years of high school, whereas the vocational and technological pathways include 1 hour/week of Biology and only in Grades 9 and 10. Within the theoretical branch, students have real access to Biology, yet this is different according to the specialization. If a technical specialization (Mathematics, Informatics, Sciences) is chosen, students will have Biology classes during the entirety of upper secondary education, whereas if a humanistic specialization (Social sciences, and Literature) is chosen, Biology will only be taught in Grades 9 and 10 and occasionally 1 hour/week of Science (that includes some Biology content) in Grade 114–7. 
Therefore, we will highlight the key concepts of Evolution within the theoretical pathways and for technical specializations where Biology is being taught all 4 years. The Biology curricula are in a way similar to the lower secondary system. Yet, there are some differences. In Grade 9, students learn about the cell and its particularities, about the animal and plant kingdoms, and a general overview of genetics and heredity. At this level, some aspects are important: genes, gene variability, mutations. In Grade 10, students learn about functions: nutrition, relationships among, and reproduction in both plants and animals. Here, although only roughly, they learn about adaption as a key feature for survival in different habitats. In Grade 11, students focus mainly on human anatomy, whereas in Grade 12, they focus on two main subjects: Genetics and General Ecology8. 
[bookmark: _3jtnz0s]Summary
In sum, the situation in Romania shows a low amount of diversity, at least at the Gymnasium level, due to the standardization of the curricula in the entire country. This means that despite a different path a student will choose after graduating Grade 8, he/she should have key concepts on evolution that are taught in the last year of the Gymnasium. Hence, before entering high school, all students should be familiar with the evolutionary concepts, such as human evolution, adaptation, mutations, and natural selection as examples for mechanisms of evolution, variation, Darwinian evolution, and phylogenetic relations. Despite being a mandatory discipline in upper secondary education in Romania, or at least for half of the time (2 years), evolution is seen as less important, and it is rarely highlighted. Therefore, students who enter university may have some difficulties in knowing the key concepts of evolution despite learning Biology for so many years.
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[bookmark: _Toc59526728]Serbia
[bookmark: _2y3w247]General information
In Serbia, education is divided into mandatory elementary education and elective high school education. Elementary education is structured into nine levels (0–8), where Level 0 is a mandatory pre-school level at kindergarten—age 6 years; Levels 1–4 of the elementary education correspond to the primary education—ages 7–10 years; whereas Levels 5–8 correspond to the lower secondary education—ages 11–14 years. High school education has four levels, and it corresponds to the upper secondary level—ages 15–18 years. All students at the elementary education level follow the same national-level curricula for all subjects, including Biology, and have the same certificate at the end of this period. High school education is differentiated into branches of specialized high schools and gymnasiums. Students enter high school education after taking a standardized national test after completing Level 8 of elementary education. High school curricula are also standardized and are the same throughout the country, although the curricula for each branch of school can vary significantly. The education system in Serbia has official central educational standards for elementary1,2 and high school3 education. 
[bookmark: _1d96cc0]Lower secondary education
Lower secondary education corresponds to Levels 5–8 of the mandatory elementary education (ages 11–14 years). Biology is a single subject, compulsory course, and is taught from Levels 5–8 twice per week. The concept of evolution is taught at all levels of secondary education. The major concepts that can be directly or indirectly linked to evolution include: studies of biodiversity, origin, and diversification of life as well as topics related to heredity, natural selection, and origin and development of humans. The content of these topics varies for each level.
[bookmark: _3x8tuzt]Upper secondary education
Upper secondary education corresponds to Levels 1–4 of the high school education (ages 15–18 years). Depending on the type of high school profile, Biology can be taught just for one year or during all four years, and it is not an elective course. Students choose a field of study at the beginning of upper secondary education. Biology is a single subject in all high schools. Independently from the high school type, several evolutionary topics are included in the curricula: the origin and diversity of life, shared structure and function among organisms, general features of living beings, principles of phylogeny and classification, and human evolution. 
[bookmark: _2ce457m]Summary
Summarizing, the situation regarding the level and intensity of studying evolution is highly diverse. Although national curricula and defined educational standards exist for both the lower and upper levels of education, upper secondary education varies substantially in terms of the number of years for Biology lessons. Furthermore, Serbia is currently undergoing curricular reforms for the upper secondary education level. Nonetheless, students who complete their education should be familiarized with evolutionary concepts that include: the origin and diversity of life and the unity of structure and function among all living organisms – from the level of macromolecules to the evolutionary level. 
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1. Official central educational standards for primary education – link in Serbian here 
2. Official central educational standards for lower secondary education – link in Serbian here
3. Official central educational standards for upper secondary education – link in Serbian here

[bookmark: _Toc59526729]Slovakia
[bookmark: _1qoc8b1]General information
[bookmark: _4anzqyu]In Slovakia, lower secondary education lasts five years. Upper secondary education is divided into lower secondary vocational education, secondary vocational education, upper secondary general education, and upper secondary vocational education, whereas the individual types differ from each other by length of study, which is in the range of 2–6 years—the standard is four years, but a maximum of eight years (if the student is at the so-called eight-year grammar school, where there is a combination of lower and upper secondary education lasting eight years)1. Transition to upper secondary education is conditional on completion of lower secondary education. The content of education in Slovakia is implemented in two levels. The first level is a unified national curriculum conceived by the State Pedagogical Institute (organization of the Ministry of Education, Science, Research and Sports of the Slovak Republic), in which they describe the compulsory content of education, which is binding for all schools2. Schools subsequently have a competence level, where in this curriculum, they can support the subsidy of lessons of some subjects according to the focus of the given school (e.g., support of sports, languages, science subjects3…).
[bookmark: _2pta16n]Lower secondary education
We refer to the period from Grades 5 to 9 grade as lower secondary education. In all grades, Biology is included as a compulsory subject, whereas it is a part of the area “Man and Nature.” The topic of evolution occurs in state educational standards in Grade 7 in the curriculum on the structure of the human body and vertebrates, in Grade 8 in the curriculum on genetics and variability of organisms, and in Grade 9 in the thematic unit of Earth history4. However, reality shows that in educational curricula and textbooks, evolution is not included in the curriculum, and even the very concept of evolution does not appear in them5.
For the first time, the term could be taught in Grade 7. The performance standard of the seventh year includes the following goals in connection with evolution: clarify the adaptation of the body structure of vertebrates to the environment; clarify the adaptation of the organs of the respiratory, circulatory, and support systems to vertebrates with regard to their way of life and the environment in which they live; and assess the impact of heredity on human health.
In Grade 8, students deal with the heredity, diversity, and variability of organisms according to standards, focusing on the following goals: give an example of the variability of living organisms; name the basic unit of genetic information; give an example of an inherited trait and at least one reason for changing the genetic information; clarify the meaning of variability; distinguish between hereditary and non-hereditary variability; demonstrate the adaptation of organisms to the environment; evaluate the demands of organisms on individual environmental factors and compare them; and justify the causes of biological imbalances.
The curriculum of the 9th year contains a view of the development of nature, and according to the performance standard, evolution could be included in the following goals: the student should characterize the concept of fossils and clarify their origin; define the meaning of fossils; clarify how the age of rocks is determined; be able to name important geological processes taking place in individual eras of the Earth's development and to evaluate their significance; know the example of the leading fossil of geological eras (Proterozoic, Mesozoic, Tertiary, Quaternary); the importance of Paleozoic ferns and horsetails today; approach the influence of geological processes on the formation of the Earth's surface and the life of organisms; evidence of a human ancestor; and human development in the Tertiary and Quaternary eras4.
[bookmark: _14ykbeg]In all these teaching goals, it would be possible to include evolution as a central or marginal topic of education. Evolution is shown in lower secondary education textbooks by a spiral diagram (n = 1) and Earth time clocks (n = 1)6.
[bookmark: _3oy7u29]Upper secondary education
After completing lower secondary education, the student continues to upper secondary education. The standard length is already mentioned as four years, whereas Biology at grammar schools has the largest subsidy for hours. At these schools, Biology is a compulsory subject in the 1st–3rd years.
[bookmark: _243i4a2]Evolution is mentioned in the first year in the thematic unit "Organism and environment," in clarifying the impact of evolution on the formation of relationships between organisms and the environment, in the topic "Animal World" in identifying the basic developmental differences between groups of invertebrates and vertebrates. In the second year, the topic of evolution includes an extensive thematic unit “Genetics,”7 whereas the curriculum includes mainly heredity, mutations, and recombination. However, experience shows that the time set aside for these lessons is used to understand genetic laws, mutations, recombination, or inheritance5. Darwinian evolution is described in particular.
In textbooks for upper secondary education, evolution is shown in the form of linear diagrams (n = 2), tree diagrams (n = 1), spiral diagrams (n = 1), phylogenetic trees (n = 1), and a diagram of the development of hominids and the development of taxa (n = 2)6.
[bookmark: _j8sehv]Summary
[bookmark: _338fx5o]Despite the centralized standards in Slovakia, insufficient space is devoted to the topic of evolution, particularly in lower secondary education. We can state that during their studies, pupils and students become most acquainted with evolution in the form of mutations, recombination, genetic laws, and heredity, whereas these topics are taken over mainly in upper secondary education. At the same time, this issue is not unified even in the textbooks used8. Students often encounter a deeper study of the issue of evolution only at universities. Although the subject is compulsory for all years in lower secondary education and three years in upper secondary education, evolution is not a central theme of biological education, nor is it a topic with sufficient explanation of evolutionary phenomena, leading to frequent misconceptions5.
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[bookmark: _Toc59526730]Slovenia
[bookmark: _2hio093]General information 
The school system in Slovenia is highly unified, meaning that the school structure is determined by law, curricula, and syllabi approved by governmental bodies and should be respected over the entire state territory. The educational backbone is compulsory subjects with a limited number of elective subjects. The compulsory parts of the science subjects are laboratory and experimental work1, and science and technology days. Upon completion of compulsory basic education, students—typically age 15 years—may choose to continue their education at the upper secondary level at a school and a program of their own choice (ISCED 3) (which takes from two up to five years to complete). The upper secondary school students follow distinct educational paths resulting in different certificates at the end. Upper secondary education programs are either general or vocational. The qualification is awarded after passing the final examination that also grants the right to enroll in tertiary education programs2. For an overview of the lesson hours in Science, Biology, Chemistry, and Physics, see Šorgo and Špernjak1. 
[bookmark: _wnyagw]Primary level education
In Slovenia, nine-year compulsory school is divided into three three-year cycles (for students six to fourteen years old). The first six years can be recognized as the primary (ISCED 1) level. Grades 7–9 are internationally recognized as the lower secondary school (ISCED 2)2. In all primary level science subjects, Biology is a major component, covering themes such as human anatomy and basic physiology, surrounding nature, and basics of ecology. Evolution is not explicitly mentioned; however, children can already learn some basic evolutionary concepts, such as variability and adaptation. In Grade 6, the subject “Science” is introduced—a combination of themes from Biology, Chemistry, and Physics. Geography is a separate subject. 
[bookmark: _3gnlt4p]Lower secondary education
In the lower secondary level (Grades 7–9), Biology is a major part of Science in Grade 7 (105 hours) and as a separate compulsory subject in Grades 8 (52 hours) and 9 (64 hours). In Grade 9, a detailed explanation of the evolution theory is taught. The evolutionary topics of adaptation, mutations, variation, natural selection, fossils, geological distribution and main processes, deep time, developmental and morphological similarities and antibiotic resistance as evidence of evolution, speciation, geographical isolation, phylogenetic trees, and human evolution are covered in the lower secondary school3–5. 
[bookmark: _1vsw3ci]Upper secondary education
Depending on the program2,6, Biology lessons are also part of upper secondary education (usually Grades 10–13) in the subjects of Biology, Science, or Science and Society. Students enrolled in general upper secondary schools (gymnasia) attend compulsory Biology courses for three or four years. In vocational and technical education, Biology courses vary between zero and four years. In most of these schools, students do not acquire additional knowledge of evolutionary theory. If students are enrolled in general upper secondary schools, they attend a basic (210 hours) or advanced (Matura) (210 hours + 105 hours) Biology course. 
Evolution is one of the main topics of the basic course, at 25 hours. The evolution topics from lower secondary school are upgraded, and new topics such as gene pool, genetic drift, artificial selection, and the effects of migration and mate choice on natural selection are introduced. Before entering tertiary education, these students should know that the Sun, Earth, and other parts of the solar system formed 4.6 billion years ago; life on Earth formed more than 3.5 billion years ago;  the great diversity of organisms is the result of evolution, which has filled all available ecological niches with different forms of life; and the result of the interactions between the physical environment and organisms in the development of the Earth as a system, the development of which continues today. Evolution is due to the potential of the species to increase specimen abundance, genetic variability of offspring due to mutations and recombination of genes, ultimate availability of natural resources required for survival, environmental selection mechanisms that allow survival, and successful reproduction of organisms that are currently preferred. Furthermore, the biological classification of organisms into a system is based on the similarity between organisms, which we classify into hierarchically arranged groups and subgroups based on similarities that reflect their evolutionary history.7
[bookmark: _4fsjm0b]Summary
In sum, the situation in Slovenia is standardized in the curricula of lower secondary education, where all students learn about evolution theory. The situation in upper secondary education is highly diverse and ranges from 0 to 315 hours of Biology. Therefore, some students can enter tertiary education with the evolutionary knowledge of lower secondary education. It is noted that Slovenian students are generally familiar with the following topics of evolutionary theory: adaptation, mutations, variation, natural selection, fossils, geological distribution and main processes, deep time, developmental and morphological similarities as well as antibiotic resistance as evidence of evolution, speciation, geographical isolation, phylogenetic trees, and human evolution.
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[bookmark: _Toc59526731]Spain
[bookmark: _3u2rp3q]General information
In Spain, lower secondary education usually lasts four years (Grades 7–10; ages 12–16 years) and upper secondary education lasts two years1 (Grades 11–12; ages 17–18 years). After completing primary education, all students enter lower secondary education (referred to as ESO), which is compulsory and mostly the same for all students for the first three years (except for some optional subjects in the first, second, and/or third year depending on the Autonomous Community, e.g., Castilla-La Mancha2, Castilla y León3, Murcia4, and La Rioja5). The fourth year, however, is structured in two different branches, one aimed at upper secondary education and one aimed at vocational training. Although all students are granted the certificate of lower secondary education once they have passed all the four years and the final exam on their branch, only those who have opted for the “Academic” branch (or hold a certificate of vocational training in Sports or Arts) obtain direct access to the upper secondary education. Upper secondary education (termed Bachillerato) is organized as well into different modalities: Science, Humanities and Social Sciences, and Arts. Students who pass Bachillerato and a specific exam (known as EBAU or PAU) can apply for university studies.
Spain is divided into 17 Autonomous Communities, which hold competencies in education, and 2 Autonomous Cities, whose powers are assumed by the Ministry of Education. The Ministry of Education defines the basic curriculum for the entire state (i.e., including the content for all core subjects, the assessment criteria and learning standards for both core and specific subjects, and the design of the lower secondary education final exam)1. Based on this state document, each Autonomous Communities establishes its official curriculum2–33, which may introduce new content, assessment criteria, and learning standards, new specific and autonomic subjects, and recommendations on methodology.
[bookmark: _2981zbj]Lower secondary education
During lower secondary education (Grades 7–10; i.e., ages 12–16 years), Biology and Geology are considered a core subject, but it is only mandatory in Grades 7 and 9 (in the case of Cataluña21, the subject is termed “Natural Sciences” and Biology and Geology are only addressed in Grade 7; Grade 9 focuses on Physics and Chemistry). In Grade 8, it is not taught at all, and in Grade 10, Biology and Geology are elective and part of the “academic” branch, next to Physics and Chemistry, Economics, and Latin (students choose two subjects out of these four). 
Depending on the Autonomous Community (e.g., Canarias16, Castilla-La Mancha2, Madrid25, and La Rioja5), Biology and Geology might be exclusive of the “academic” branch, or not. If not, students may select it as a specific subject (e.g., Asturias10, Cantabria19, Galicia24, Comunidad Valenciana3). Although combinations and offerings may vary from one Autonomous Community to another, and even from school to school, in general, students are asked to have either one (e.g., País Vasco30) or two specific subjects (e.g., Extremadura23); sometimes more (e.g., Navarra28, “at least one”; Ceuta and Melilla1, from 1 to 4). The list of specific subjects to be picked from usually includes (apart from the elective core subjects from both the “academic” and the “applied” branch): Scenic Arts and Dance; Scientific Culture; Classical Culture; Plastic Arts, Visual and Audio-Visual Education; Philosophy; Music; Second Foreign Language; and ICT.
It is in Grade 10 when evolution is taught1, except for a brief allusion to the evolution of species and hominization in Grade 7 as part of Geography and History when addressing Prehistory. Geography and History (called “Social Sciences” in Cataluña21) is mandatory for all students, irrespective of their branch, from Grades 7 to 10. 
During Grades 7 and 9, the only core ideas addressed in Biology and Geology in relation to evolution (which is not mentioned at all) are adaptation, biodiversity, and extinction. In Grade 10, though, there is a whole section devoted to evolution, termed “Evolution of life.” This section covers the different theories on evolution developed throughout History until today (i.e., Lamarckism, Darwinism, Neo-Darwinism), as well as the current debates on saltationism, gradualism and neutralism; the mechanisms for evolution (only mutation and natural selection are specified; there is no mention of genetic drift or migration, however); the biological relevance of meiosis and sexual reproduction in terms of genetic variability and the possibility of species to evolve; the phylogenetic trees; and human evolution. Adaptation and biodiversity are dealt with in the “Ecology” section, and (massive) extinctions and fossils are located in the “Dynamics of the Earth” section.
Apart from Biology and Geology, there is another subject in Grade 10 that addresses evolution, although very briefly. This subject is Scientific Culture, which is also an elective yet specific subject. Hence, the Ministry of Education only establishes its assessment criteria and learning standards, whereas it is the task of each Autonomous Community to list its contents, resulting in minor differences across the country. As part of Scientific Culture, students are asked to be able to “Differentiate scientific explanations related to the Universe, the Solar System, the Earth and the origin of life and the evolution of species, from those based on opinions or beliefs.”
[bookmark: _odc9jc]Upper secondary education
In Spain, the upper secondary education (Grades 11–12; i.e., ages 17–18 years) is structured in three modalities: Science (and Technology, in Cataluña22), Humanities and Social Sciences, and Arts. These modalities may be subdivided into one or more new different, more specialized itineraries (e.g., “Scenic Arts,” “Social Sciences,” and “Health Sciences,”) depending on each Autonomous Community (e.g., Andalucía8, Islas Baleares15, and Canarias17).

As in lower secondary education, in upper secondary education, Biology and Geology (Grade 11), as well as Biology (Grade 12), are elective core subjects of the Science branch (students must choose 2 out of 3 such classes in Grade 11; and 2 out of 5 in Grade 12). Nevertheless, most Autonomous Communities (except for Asturias11 and La Rioja32) allow students from other itineraries to choose it as a specific subject. In the case of Canarias17, they are both exclusive of the Health Sciences itinerary but mandatory. However, Canarias18 offers in Grade 12 an autonomic subject called Human Biology, which includes human evolution (mutations, mechanisms, origin, and acceptance of human diversity, and ethical implications). This subject is also elective (1 out of 16 should be chosen).
In Biology and Geology (Grade 11), evolution is presented in relation to biodiversity and speciation but is mainly focused on plants and, in particular, on animals (e.g., sexual reproduction and its importance to variability is actually only addressed in animals)34. The same goes for adaptation, which is exclusively integrated into the Plants and the Animals Section; there is no mention of any other kingdom or domain.
Biology (Grade 12), however, covers all evolutionary constructs, always in relation to Genetics: implications of mutations in evolution and the appearance of new species; evidence for evolution; Darwinism, Neo-Darwinism and the Synthetic Theory of evolution; population genetics, changes in frequencies and its relation to evolution; mutation and genetic recombination’s role in change and adaptation; natural selection; and evolution, biodiversity, and speciation.
In addition, in upper secondary education, evolution is also addressed in Scientific Culture, which is again an eligible specific subject to every itinerary (except for Aragón13, where it is mandatory for both “Science” and “Humanities and Social Sciences” branches); and in Philosophy, which is mandatory and common to all the itineraries. These two subjects take place in Grade 11.
Scientific Culture (Grade 11) deals with evidence (biological, paleontological, and molecular) supporting the Darwin and Wallace natural selection theory to explain living beings’ evolution, human evolution with a focus on its stages and key features/adaptations, and the latest scientific research on the origin and evolution of life.
Finally, Philosophy (Grade 11) discusses “the philosophical implications of evolution” in its Section 5 “The human being from Philosophy,” covering topics such as natural selection, reductionism, vitalism, genetic determinism, nature, and culture. This creates a paradoxical situation because although it is possible for some students to not have studied in detail the theory of evolution, all of them will be asked to discuss its social implications. 
Aligned to this evolutionary perspective of humans and their behavior, the subject of Psychology (Grade 12), which is also elective and specific, alludes to the evolution of the human brain as part of the Section “Biological Fundaments of Human Conduct.”
[bookmark: _38czs75]Summary
In summary, despite the competences in education of Autonomous Communities, evolution education in Spain is considerably uniform. Two major concerns are to be considered. First, Spanish students may leave compulsory education without having been taught evolution at all, except for a brief allusion to evolution and human evolution when studying Prehistory in Grade 7 (12 years old), if they decide not to choose Biology (and Geology) and/or Scientific Culture in Grades 10, 11, and 12 respectively, or not to access upper secondary education. Second, there is an important lack of progression across lower secondary education and upper secondary school (also in primary education35) because most evolutionary constructs are concentrated in Grades 10 and 12, next to Genetics. Only adaptation, biodiversity, and extinction (in Biology and Geology), and human evolution (in Geography and History) are addressed sooner, principally in Grade 7. 
Therefore, only students who choose all Biology-related subjects will be familiar at the end of upper secondary education with: theories on evolution (Lamarckism, Darwinism, Neo-Darwinism, synthetic theory), current debates (saltationism, gradualism, and neutralism); evidence for evolution (biological, paleontological and molecular); mechanisms of evolution (mutation and natural selection); genetic variability at both the individual and population level; phylogenetic trees; and human evolution. The remaining students will be familiar with these contents to a higher or lesser extent depending on which subjects per grade they decide to study during lower and/or upper secondary education. If attending upper secondary education, they should all be expected at least to have some basic notions on natural selection, reductionism, vitalism, genetic determinism, and nature and culture due to Philosophy being mandatory in Grade 11.
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[bookmark: _2mn7vak]General information
In Sweden, the school system is governed by national law1–3 and a national curriculum4–5, which are the same for all schools in the country. The schools are run by the local municipalities or by private companies or foundations but regulated in the same way; all schools in Sweden have to follow the same steering documents. Locally, the schools are funded by the municipality through taxation. A voucher system is used where the funding is distributed to the school that the students/pupils choose; it might be either a municipality school or a private school. This approach has led to differences between schools in performance, as shown by grading and national tests, and these differences have increased in recent years.
Sweden has a nine-year-long compulsory school system (grundskola) that is obligatory for all children. Grade 1 starts the year when the children become 7 years old and ends when they reach 16 years. Almost all children attend a preparatory year (förskoleklass) at age 6 years before the compulsory school begins. This year is voluntary, but almost all children attend this additional preparatory year. Moreover, the vast majority of Swedish children attend pre-school from an early age, and in pre-school, some play-based teaching and learning also occur. 
The first six years of the compulsory school are organized around a classroom and a main teacher teaching most subjects, although some specialization might exist, and teachers of different specializations might teach different subjects (e.g., sports, science, social science languages) particularly in Grades 4–6. From Grade 7, the students enter lower secondary school (which is part of the compulsory school system) where they are taught by subject-specialist teachers. 
After the compulsory school, the students can apply to the upper secondary school (gymnasium). This school is also nationally regulated, and the students can choose between 18 nationally regulated programs with some individual freedom to select some courses. A total of 12 of the programs are vocational training programs, and 6 are preparatory for tertiary education (university studies). The youngsters apply to a specific gymnasium program at a particular upper secondary school after compulsory school. Students are selected based on their grades, but there is a place for all youngsters, although perhaps not in their preferred school and program. Upper secondary level schooling is voluntary, but most students attend this school form. However, if the students miss out on some grades from Grade 9 of compulsory school, they are not allowed to enter a national program but will first have to make a preparatory program to catch up with the grades. 
[bookmark: _11si5id]Lower secondary education
Lower secondary school begins from Grade 7, when the children are approximately 13 years old. However, Biology is part of the national curriculum already from Grades 1 to 9. Hence, all children are taught Biology as a compulsory subject from Grades 1 to 9. In primary education in Grades 1–6, Biology is often taught in the context of science, and the subject is frequently not given that many hours in the curriculum. The national curriculum has specific central content for the science to be taught in Grades 1–3 and learning goals that the pupils are expected to achieve in Grade 3. For Grades 4–6, there exists central content in Biology, and learning goals to be reached at Grade 6. However, nothing is stated about evolution at those grades. 
For Grade 7–9 in lower secondary school, evolution as a central content is explicitly stated under three different themes: “Naturvetenskapliga teorier om livets uppkomst. Livets utveckling och mångfald utifrån evolutionsteorin,” (p. 168)4 which can be translated as “Scientific theories about the origin of life. The development and diversity of life based on the theory of evolution.” Yet another citation under another theme is: “Kroppens celler, organ och organsystem och deras uppbyggnad, funktion och samverkan. Evolutionära jämförelser mellan människan och andra organismer,” (p. 167)4 which can be translated as “The body's cells, organs and organ systems and their structure, function and interaction. Evolutionary comparisons between humans and other organisms.” A third central content under another theme is the following: ”Evolutionens mekanismer och uttryck, samt ärftlighet och förhållandet mellan arv och miljö. Genteknikens möjligheter och risker och etiska frågor som tekniken väcker,” which could be translated as “The mechanisms and expressions of evolution, as well as heredity and the relationship between heritage and the environment. The possibilities and risks of genetic engineering and the ethical issues that technology raises.” (p. 168)4. Hence, there is a focus on evolution in the Swedish Biology curriculum at lower secondary school, and it is also addressed in several different contexts. Moreover, in the national curriculum there are guidelines for the grading, and the following is required for obtaining the grade E (which means “passed”): “Eleven har grundläggande kunskaper om evolutionsteorin och andra biologiska sammanhang och visar det genom att ge exempel och beskriva dessa med viss användning av biologins begrepp, modeller och teorier,” (p. 171)4 which could be translated into: “The student has basic knowledge of the theory of evolution and other biological contexts and shows it by giving examples and describing these with some use of the concepts, models and theories of Biology.”
However, teachers have significant freedom to develop the curriculum into enacted teaching. Evolution is taught by Biology teachers. Typically, a teacher at lower secondary school teaches 3–4 subjects. It is also important to say that there is a national test in Biology in Grade 9 in which questions about evolution often occur that teachers often take into consideration when planning their teaching.
[bookmark: _3ls5o66]Upper secondary education
In upper secondary education, there is a subject termed “naturkunskap,” which translates as “general science,” which is about science and society; the first course of this subject is taken by all students at the 18 national program5. However, there is no reference to evolution in this course. The second course in this subject is taken by four programs that are preparatory for tertiary education (Social Science, Economy, Humanities and Aesthetics programs) where there is a particularly short passage about evolution in the central content in relation to biotechnology: “Evolutionära aspekter och etiska perspektiv på bioteknikens möjligheter och konsekvenser för mänsklighetens utveckling och för biologisk mångfald,”5 which can be translated as “Evolutionary aspects and ethical perspectives on the possibilities and consequences of biotechnology for human development and biological diversity.” 
Biology as a subject is only obligatory for two of the 18 national programs (i.e., the science and nature management programs). The first of these is a large program for students with ambitions to take science and technology careers based on university studies. The second program is small and connected to vocational studies linked to agriculture and nature. These students are, of course, only a minority of all upper secondary students, but the science program attracts many students, and students at the university in science have almost all taken these Biology courses. There are two 100-hour (approximately) courses in Biology at the upper secondary level5, in which the first is focused on evolution. The central content according to the national syllabi for this course is: ecology, evolution, genetics, and biological working methods5. Evolution is in the syllabi for the course 5 defined as:
· Naturvetenskapliga teorier om livets uppkomst och utveckling. (translated into: Scientific theories about the origin and development of life.)
· Evolutionens mekanismer, till exempel naturligt urval och sexuell selektion samt deras betydelse för artbildning. (translated into: The mechanisms of evolution, such as natural selection and sexual selection and their importance for species formation.)
· Organismers beteende samt beteendets betydelse för överlevnad och reproduktiv framgång. (translated into: Behavior of organisms and the importance of behavior for survival and reproductive success.)
· Släktträd och principer för indelning av organismvärlden. Organismernas huvudgrupper och evolutionära historia. (translated into: Family trees and principles for the division of the world of organisms. The main groups of organisms and evolutionary history.)
· Biologins idéhistoria med tyngdpunkt på evolutionen. (translated into: The history of ideas in Biology with emphasis on evolution.)
Hence, evolution is given high importance in the school subject of upper secondary teaching. Also, here the teachers have substantial opportunities to decide themselves how to enact the teaching. Biology is at the upper secondary level taught by Biology teachers who normally teach two subjects and, hence, they often have more knowledge in the subject than lower secondary Biology teachers. There exist no national tests in Biology at the upper secondary level. 
[bookmark: _20xfydz]Summary
To summarize, all Swedish citizens passing lower secondary education have been taught evolution in which the mechanism been included. Furthermore, evolutionary history and species diversification have most likely been addressed; see the comments above about lower secondary education. However, most Swedish youngsters do not take Biology in upper secondary education and are, thus, not exposed to evolution at that level. The students going for the science program (perhaps 20% of students) are taught evolution as a central concept; see the comments above regarding upper secondary education. To conclude, evolution is recognized as highly important content in Biology teaching in Sweden. However, as in most countries, Biology is one of the minor subjects both at lower- and upper secondary education.
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[bookmark: _1f7o1he]General information
In Switzerland, lower secondary school generally lasts 3 years (Grades 9 to 11) and upper secondary education 3 to 5 years (Grades 12 to 14/16) depending on the branch and Canton1. All swiss students follow the same educational path during lower secondary education (compulsory school), whereas upper secondary education is structured into two major branches https://systemeeducatif.educa.ch/fr/degre-secondaire-ii. The general education branch comprises two different schools ”école de maturité gymnasiale” and “école de culture générale” and prepares students for tertiary education. The majority of students enter the second, vocational branch called “formation professionnelle initiale.” 
Access to upper secondary education and orientation in a specific branch is based on grades and an evaluation of performance during the compulsory school. Some cantons conduct a final examination at the end of lower education, but there is no national school-leaving certificate2. More than 90% of students complete upper secondary schools, and 37.5% obtain a baccalaureate certificate, which provides access to tertiary education3. 
Switzerland is divided into 26 federal cantons, which are responsible for their own curricula for lower secondary education (compulsory school). Cantons and the federal government are jointly responsible for upper secondary education (organization, finances, and Swiss-wide recognition of diplomas). Cantons have a degree of freedom to organize their own curricula but follow the national educational standards developed by the Swiss Conference of Cantonal Ministers of Education (EDK)4. 
[bookmark: _3z7bk57]Lower secondary education 
During lower secondary education (typically Grades 9–11), Biology is not compulsorily taught in every canton. In Romandy (French part of Switzerland) and Ticino (Italian part of Switzerland), Biology is part of the course “Mathématique et Sciences de la nature.”5 Evolution is not explicitly taught in the curriculum, although topics such as biodiversity and the classification and exploration of relationships among organisms are addressed (Grade 9). However, when students select the Biology option, the theory of evolution is taught during the final year (Grade 11). In Romandy, this covers the following topics: genetic information, mitosis and meiosis, transmission of heritable characters, evolutionary history of organisms, and evolutionary mechanisms6. 
In the German part of Switzerland, evolution is more explicitly cited as part of the “Natur und Technik” courses. The students are expected to be able to order systems of living beings and recognize them as models (e.g., family trees). They are introduced to central principles of the theory of evolution by means of examples and are expected to understand its main laws. Elements of species variability, mutation, recombination, selection, and phylogenetic relationships are part of the curriculum7. 
[bookmark: _2eclud0]Upper secondary education 
The curriculum of the upper secondary education is managed by each Canton with a relatively high degree of autonomy, and within each Canton, this is also true for each school. For the ”Ecoles de maturité gymnasiale” The latest plan dates from 1994 and will soon be updated for Biology8. In the French part of Switzerland, evolution is generally taught from the second year upward. For instance, in the Canton de Vaud9, the history of Earth and the theory of evolution of living organisms are in the curriculum. In the Canton of Geneva, students are expected to have acquired knowledge about genetics and evolution, but no further indication about the specific topics that should be developed is given10. 
For the “Ecoles de culture Générale,” which are not designed for direct access to Universities, evolution is taught according to the latest curriculum update that was issued in 201811. The following themes are addressed: the beginnings of life, the basics of evolutionary processes, differentiation between prokaryotes and eukaryotes (unicellular and pluricellular organisms), and plant and animal systematics. 
[bookmark: _thw4kt]Summary
To conclude, there is a large discrepancy in the teaching of evolution between the different parts of Switzerland, with the German part introducing this topic earlier during the curriculum.
There is also a significant degree of freedom given to the Cantons, schools, and teachers on which topic in evolution, and more broadly in Biology, will be addressed. 
For upper secondary education, it is remarkable that Biology is only taught in years 2 and 3 in Switzerland when students do not choose a specific option that includes it. Therefore, students who enter university may have attended their last evolution lessons two years previously.
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[bookmark: _4cmhg48]General information
In Turkey, the length of compulsory education was increased from 8 to 12 years in 2012. The redefined education system includes three levels (primary, lower, and upper secondary) of four years each (compulsory education for 12 years [4+4+4])1. Early childhood education begins with the Nursery and Day Care Centers for children of ages 0–36 months. Whereas pre-school education is for children aged 36–66 months, nursery schools are for 48- to 66-month-old children. The General Directorate of Basic Education regulates early childhood education facilities2. Early childhood education generally takes two years, on an optional basis, and covers the education of children in the age group of 3 to 5 years who have not reached the age of compulsory primary education3. Primary education covers children 66 months old (6-year-olds) and 10-year-olds, and it lasts four years (Grades 1–4)2–4. Lower secondary school education covers children of 10 to 14 years old, and it also lasts four years (Grades 5–8)2–4. 
Students can choose two types of lower elementary schools as religious (İmam Hatip Ortaokulu in Turkish) and general (Ortaokul in Turkish) middle schools. The difference between the two types of these middle schools is not substantial; if students take the path as religious middle schools, they must obtain some additional religious courses every semester (i.e., one or two extra religious courses)5,6. Whereas general middle schools are regulated by the General Directorate of Basic Education and Secondary Education, religious middle schools are under the responsibility of the General Directorate of Religious Education in the Ministry2–6. Upper secondary education covers Anatolian high school, Science high school, school of Fine Arts, Sports high school, school of social sciences, the Anatolian religious high schools, and high schools conducting vocational and technical programs2. Compulsory education covering 12 years is free at state schools nationwide2,3.
[bookmark: _2rrrqc1]Lower secondary education
During lower secondary education (Grade 5 to Grade 82–4), Biology is one part of the subject “Science” in Grades 5 to 8 and not taught as a separate subject7. In Turkey, Biology is part of “Science” courses in every grade (Grade 5 to Grade 8) and is taught in all lower secondary education institutions because the Turkish education system is centralized and directed by the General Directorate of Basic Education, the Ministry of National Education2–5. Evolution, mutation, and natural selection were part of the national curriculum in the 1992 science curriculum7. In the 2005 science curriculum, the basic concept of biological evolution, adaptation, and variation was covered in Grade 87,8. A major change in the science curriculum took place in 2013, and evolutionary concepts were not included in this new curriculum9. A more recent curriculum revision with some minor changes in 2018 also excluded evolutionary concepts from lower secondary education10. 
[bookmark: _16x20ju]Upper secondary education
During upper secondary education (Grades 9 to 122–4), Biology is taught as a compulsory basic course in Grades 9 and 10 (2 hours per week11). If students choose the natural sciences departments in Grade 10, they can attend an advanced course (4 hours per week11). Whereas the previous secondary Biology curriculum covered evolutionary concepts, including Lamarck’s and Darwin’s Theories of Evolution7, the 2013 secondary Biology curriculum included evolutionary concepts only in Grade 1212,13. Biogenesis, autotrophic and heterotroph hypothesis, panspermia, and geological times and fossils, evolution, adaptation and variation, natural selection, and Lamarck’s and Darwin’s Theories of Evolution are the concepts included in the last unit “Beginning of Life and Evolution” of the Grade 12 secondary Biology curriculum12,13. However, these concepts were excluded from the secondary Biology curriculum in the 2018 revision14. 
[bookmark: _3qwpj7n]Summary
In sum, even if there is a standardized curriculum in Turkey, evolution concepts have not been covered in lower or upper secondary schools since the 2018 curriculum reforms. Although there were some basic evolutionary concepts such as adaptation, variation, or basics of evolution in the lower secondary science curriculum before 2013, these concepts were not covered in the 2013 and 2018 curricula. The students choosing natural sciences departments learned basic and advance evolutionary concepts that were included in the 2013 secondary Biology curriculum. However, these concepts were also not covered in the latest Biology curriculum. Due to the changes in including evolutionary concepts in the lower and upper secondary science curricula, it can be stated that Turkish students are not familiar with the evolutionary concepts. Therefore, students who enter university may have never attended evolution-related lessons during their lower or upper secondary education. Only the students who choose Biology and related disciplines at university can attend courses about evolution. 
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[bookmark: _356xmb2]General information
In Ukraine, the state ensures the functioning of the education system throughout all its territory. This is defined by Article 53 of the Constitution of Ukraine1. 
In general, the education system of Ukraine includes nine components: 1) pre-school education; 2) complete general secondary education; 3) extracurricular education; 4) specialized education; 5) professional (vocational) education; 6) professional pre-higher education; 7) higher education; and 8) adult education, including 9) postgraduate education2.
According to the Law of Ukraine “On Education,” the complete general secondary education consists of three levels of education: 1) primary basic education lasting four years (Grades 1–4); 2) basic secondary education lasting five years (Grades 5–9); and 3) specialized secondary education lasting three years (Grades 10–12)2,3. The primary basic education, basic secondary education, and specialized secondary education may be obtained in separate educational institutions or structural subdivisions of one legal entity (educational institution) (item 3 of Article 12 of the Law of Ukraine “On Education”)2. These educations are compulsory and typically obtained in educational institutions, in institutional or individual forms defined by law2.
The primary basic education (Grades 1–4) is usually obtained from the age of 6 years. Furthermore, if children are 7 years old at the beginning of the school year, they have to start gaining primary basic education in the same school year2. 
To be admitted to specialized secondary education (Grades 10–12), pupils must pass the STA (State Final Certification) after completing basic secondary education (Grades 5–9). The passing of the STA can be carried out in various forms prescribed by law2. The certification can be conducted in a secondary school either in the form of the STA or in the form of an external independent evaluation (EIE). The certification is passed by pupils who complete primary basic education in Grade 4, basic secondary education in Grade 9, and specialized secondary education in Grade 12. The certification of pupils after completion of specialized secondary education is carried out in the form of the EIE. The STA in Ukrainian (dictation), mathematics, and foreign languages is conducted after completion of Grade 9. The STA can also be conducted in Geography, Biology, or other profile subjects studied in depth at the choice of a secondary school.
In Ukraine, there is one general curriculum for the entire country. According to Article 32 of the Law of Ukraine “On Education,” the educational standards in Ukraine are developed in accordance with the National Qualifications Framework (NQF), which is based on European and national standards and principles of ensuring the quality of education. The NQF takes into account the requirements of the labor market for employee competencies. The NQF is approved in the manner prescribed by special laws and other regulations2.
[bookmark: _1kc7wiv]Primary education
The first level of complete general secondary education, which corresponds to the first level of the NQF, is primary basic education.
This form of education consists of two cycles—Grades 1–2 and Grades 3–4. They are separated, taking into account the age characteristics of development and needs of these ages of children2,3. 
The content of the program for Grades 1–2 and 3–4 provides for the formation of pupils’ key competencies, including in the field of natural sciences. It involves the formation of curiosity as well as the desire to seek and propose new ideas, to observe and research individually or in groups, to draw conclusions based on experiments, to get to know themselves and the world around them through observation and research. Knowledge of natural sciences is given to children in the integrated course "I explore the world" (this course includes topics from the natural, civil, historical, social, and health fields of knowledge). The pupils' knowledge is not assessed during the first cycle of primary basic education, whereas in the second cycle, the level of knowledge is assessed4.
[bookmark: _44bvf6o]Two topics are highlighted among the content lines in the thematic basis of the integrated course "I explore the world" in Grades 3–4. They are "Nature" (studying the diversity of nature, methods of studying nature, inanimate and animate nature, connections in nature, nature of the Earth, nature of Ukraine) and "Humans and Nature" (relationships between humans and nature, responsible activities in nature, rules of conduct in nature, children's participation in environmental activities)4. 
[bookmark: _2jh5peh]Lower secondary education
The lower secondary education comprises two cycles—Grades 5–6 and Grades 7–9, which are separated, taking into account the age characteristics of development and needs of these ages of children2,3. 
In secondary schools, the study of Biology begins at the level of lower secondary education. In Grades 5–6, Biology is studied in the "Natural Science" course. It is an integrated discipline that includes topics in Biology and other natural sciences5.
The study of the "Biology" course as an independent discipline is continued in Grades 8–95. However, the profile classes with in-depth study of Biology (classes of the natural-mathematical technological cycle) can be formed from Grade 8 in the system of secondary education.
Such classes can be formed both at the level of lower secondary education (Grades 8–9) and at the level of specialized secondary education (Grades 10–12)5.
The teaching of Biology, Ecology, and the natural sciences in secondary schools is carried out in accordance with the standard curricula approved by orders of the Ministry of Education and Science of Ukraine.
The leading semantic elements of the subject are biological ideas and theoretical generalizations that are an important component of human culture: the levels of wildlife organization, the relationship of structure and function of organisms, the historical development of the organic world, diversity of organisms, ecological patterns, integrity and self-regulation of living systems, the connection of living systems and inanimate nature, and the connection between humans and nature6. 
The topic “Evolution of the organic world” is studied in the “Biology” course in Grade 9. The content line of the topic provides for the study of the following problems: 1) population of living organisms and their main characteristics; 2) evolutionary factors; mechanisms of primary evolutionary changes; 3) mechanisms of speciation; 4) development of evolutionary views; Darwin's theory; 5) role of paleontology and molecular genetics in substantiating the theory of evolution; 6) human evolution; stages of human evolution; and 7) worldview and scientific views on the origin and historical development of life6. 
[bookmark: _ymfzma]Upper secondary education
Upper secondary education is obtained in Grades 10–12 of secondary school (so-called high school) 2,3. It is divided into two cycles—Grade 10 and Grades 11–123. 
Continuation of studying the course "Biology and Ecology" as an independent discipline is continued at the level of upper secondary education in Grades 10–11. The purpose of teaching Biology and Ecology at the standard level is to form pupils' scientific competence by mastering a system of integrated knowledge about the patterns of functioning of living systems; their development and interaction; the relationship with the environment; understanding the biological pattern of the world and the values ​​of categories such as life, nature, health; conscious attitude to nature as a universal, unique value; application of knowledge of Biology and Ecology in everyday life; and assessment of their role for sustainable (balanced) development of mankind, science, and technology7. 
The curriculum provides for students to acquire knowledge and understanding of the fundamental principles of Biology and Ecology, their basic laws and patterns, mastery of basic terminology that allows them to understand the principles of functioning of organisms and superorganism systems of different levels, understanding the place of Biology and Ecology in the system of natural sciences, their role in creating a general pattern of the world, determining the place of humans in nature, and the sustainable development of humankind7. 
In high school (Grades 10–12), the number of hours per week to study Biology and Ecology depends on the level of content, among which are: 1) level of the standard; 2) academic level; 3) profile level. The level of educational content at which Biology is studied is determined by the profile of study5. 
[bookmark: _3im3ia3]Summary
Thus, in Ukraine, there are standardized curricula for the courses “Natural Science,” “Biology,” and “Biology and Ecology.” The topic “Evolution of the organic world” is studied in the course “Biology” in Grade 9. The subjects “Natural Science,” “Biology,” and "Biology and Ecology" are compulsory in the curriculum of the secondary school of the corresponding education levels.
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