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Abstract 
Evolution is a key concept of biology, fundamental to understand the world and address important societal problems, 
but research studies show that it is still not widely understood and accepted. Several factors are known to influence 
evolution acceptance and understanding, but little information is available regarding the impacts of the curriculum 
on these aspects. Very few curricula have been examined to assess the coverage of biological evolution. The available 
studies do not allow comparative analyses, due to the different methodologies employed by the authors. However, 
such an analysis would be useful for research purposes and for the development of appropriate educational poli-
cies to address the problem of a lack of evolution acceptance in some countries. In this paper we describe the steps 
through which we developed a valid and reliable instrument for curricula analysis known as FACE: “Framework to 
Assess the Coverage of biological Evolution by school curricula.” This framework was developed based on the “Under-
standing Evolution Conceptual Framework” (UECF). After an initial pilot study, our framework was reformulated based 
on identified issues and experts’ opinions. To generate validity and reliability evidence in support of the framework, it 
was applied to four European countries’ curricula. For each country, a team of a minimum of two national and two for-
eign coders worked independently to assess the curriculum using this framework for content analysis. Reliability evi-
dence was estimated using Krippendorf’s alpha and resulted in appropriate values for coding the examined curricula. 
Some issues that coders faced during the analysis were discussed and, to ensure better reliability for future research-
ers, additional guidelines and one extra category were included in the framework. The final version of the framework 
includes six categories and 34 subcategories. FACE is a useful tool for the analysis and the comparison of curricula and 
school textbooks regarding the coverage of evolution, and such results can guide curricula development.
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Introduction
Science education should contribute to increase stu-
dents’ scientific literacy and improve the capacity of 
understanding science and the processes of producing 
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this knowledge, to ensure more citizens can apply these 
concepts in their daily lives and participate in scientific 
debates and discussions (USA National Research Coun-
cil [NRC], 2007 and 2012). School curricula should be 
aligned with this goal. The school curriculum repre-
sents “the expression of educational ideas in practice” 
(Prideaux 2003, p.326). Therefore, the learning goals that 
a country wants its students to achieve and the skills it 
wants them to develop are expressed and included in its 
school curriculum. Different countries consider different 
goals and skills to be more important than others, and 
for this reason it is expected that curricula would vary 
in both type and structure (Scholl 2012). There is much 
discussion in the literature concerning the definition of 
a school curriculum (Young 2014; Bybee 2003) and its 
role in education (Burrill et al. 2015). If a scientific theory 
needs to be widely taught, understood, and accepted by 
the students and future citizens of a country, it should be 
included in the national curriculum. Curriculum may be 
considered a set of official policy documents delivered to 
teachers and typically created by the relevant ministry of 
education and/or other state authorities (formal curricu-
lum) (Sanders and Makotsa, 2016). These include all the 
necessary topics that a teacher should teach and some 
guidelines on how to do so. If a scientific theory and 
all its associated concepts are not included in the cur-
riculum, then students may not have the chance to learn 
about it at school.

Evolution is universally acknowledged as one of the 
most important scientific concepts and as the unifying 
theme in biology. Since numerous broad themes in the 
field of biology are threaded and held together by the the-
ory of biological evolution, several researchers argue that 
understanding this theory is necessary for scientific liter-
acy (Fowler and Zeidler 2016). Indicative of this relevance, 
the U.S. National Academy of Sciences (NAS) states that 
“few other ideas in science have had such a far-reaching 
impact on our thinking about ourselves and how we relate 
to the world” (NAS, 1998, p.21) and that “the teaching of 
evolution should be an integral part of science instruc-
tion” (NAS, 1999, p.2). According to the USA NRC (NRC, 
2012) evolution should be considered one of the four key 
concepts in biology  to be explored from kindergarten 
onward, with increasing complexity. This is supported by 
several researchers that emphasize the need to develop 
learning progressions for teaching evolution, which 
should be evident from the curricula and textbooks from 
primary education and across biology topics (e.g., Prinou 
et al. 2011; Vaughn and Robbins 2017).

In fact, the study of evolution promotes inter and 
intradisciplinary links, allowing students to interrelate 
concepts from biological, physical, and Earth and space 
sciences and use them to achieve a better understanding 

of the world around them, as well as to address new prob-
lematic situations (NRC 2012). Evolution is related with 
several daily life experiences—from explaining biodiver-
sity, including the ecosystems inside our species, to drug 
resistance by bacteria, fleas or mosquitos—and a basic 
understanding of evolutionary processes is fundamen-
tal to address a number of key societal problems such as 
biodiversity loss, climate change, health or food security 
(Carroll et al. 2014), resistance to antibiotics and biocides 
and pandemics (Lederberg 1988). In addition, there is a 
connection between understanding evolution and nego-
tiating societal problems. Sadler (2005), for example, 
found that, while examining the informal reasoning of 
biology majors on scenarios based on genetic engineering 
socio-scientific issues, their understanding of evolution 
strongly influenced their decision-making. Furthermore, 
a deeper engagement with evolution and its understand-
ing can develop a greater knowledge of scientific and evi-
dence-based thinking (Heddy and Nadelson 2012) and it 
also provides an effective context for developing a deep 
understanding of the Nature of Science (NoS) (Nelson, 
et al. 2019), which is important for promoting science lit-
eracy (Holbrook and Rannikmae 2007).

Despite its central importance in understanding bio-
logical systems and addressing some individuals’ daily 
life and social problems, evolution is still not well under-
stood (or even accepted) by a large part of society, a pat-
tern that is observed across different developmental 
stages, countries, cultural and religious backgrounds 
(Alters and Nelson 2002; Asghar et al. 2007; Athanasiou 
et al. 2012; Athanasiou and Mavrikaki 2013; Athanasiou 
and Papadopoulou 2012; Blackwell et al. 2003; Ehrlinger 
et al. 2008; Kruger and Mueller 2002; Miller et al. 2006, 
Nehm and Reilly 2007; Nehm et  al. 2009a, b; Prinou 
et  al. 2008 and 2011; Sieckel and Friedrichsen 2013; To 
et al. 2017; van Dijk and Reydon 2010). There are several 
explanations for this persistent and cross-cultural lack of 
evolutionary understanding including, among others:

• The presence of “cognitive bias” that lead to evolu-
tion misconceptions (Gelman 2003; Shtulman 2006; 
Evans 2008; Sinatra et al 2008; Kelemen 1999; Kele-
men et al. 2013; Kelemen 2012; Rottman et al. 2017)

• The fact that evolutionary science integrates knowl-
edge, norms and methods from distinct disciplines 
such as geology, archaeology, and subdisciplines 
within biology such as genetics and ecology among 
others (Gould 2002)

• The difference of meanings between common and 
scientific language, such as “adapt”, “adaptation”, 
“pressure” and “fitness”, among other words, that fur-
ther strengthens misconceptions (Alters and Nelson 
2002; Hull 1995; Rector et al., 2013)
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• The perceived conflict between evolution and reli-
gious, political and personal believes (Asghar et  al. 
2007; Boujaoude et  al. 2011; Chuang 2003; Griffith 
and Brem 2004; Goldston and Kyzer 2000)

• Teachers’ lack of preparedness to teach about this 
subject (Prinou et  al. 2011; Yates and Marek 2014; 
Venetis and Mavrikaki 2017; Betz et al. 2019; Gresch 
and Martens 2019; but see Plutzer et  al., 2020 for 
encouraging results)

The ways that educational resources, such as textbooks 
and school curricula, are produced may have further 
contributed to this pattern. In fact, in many textbooks, 
references to evolution and evolutionary concepts are 
fragmented and limited to particular chapters (Nehm 
et al. 2009a, b; Prinou et al. 2011) and some even reinforce 
common misconceptions (Prinou et  al. 2011). To study 
the impacts of distinct countries’ curricular designs and 
consequent understanding of evolution by students, com-
parative analyses are needed. Although the acceptance 
and literacy about evolution has shown to vary greatly 
among countries (Miller et  al. 2006), few studies have 
analysed the effect of countries’ curricula on public evolu-
tion literacy. The study of Pinxten et  al. (2020) supports 
the hypothesis that an earlier introduction of evolution 
in science curricula, and a more in-depth and transversal 
exploration of evolutionary ideas, may help to increase 
both understanding and acceptance of evolution. Few 
curricula analyses regarding the coverage of evolutionary 
concepts are available in the literature, and these mostly 
analyse the curricula based on a general assessment of 
the presence or absence of the topic of evolution (Barberá 
et  al. 1999; Tidon and Lewontin 2004), of some special 
topics (e.g. Quessada and Clement 2011), or the rela-
tionship between religious and scientific views (Asghar 
et  al. 2010). However, none of these examined which 
major foundational and key concepts required for evo-
lution understanding were present from the first school 
years onwards. Some researchers partially addressed this 
problem through the use of an inductive content analysis 
method, that is an analysis in which the coding scheme is 
designed based on the analysis of the curriculum and was 
not predefined based on a certain theoretical framework 
(e.g. Kuschmierz et al. 2020) or based on mixed methods 
that included inductive and deductive analysis (Asghar 
et  al. 2015; Sanders and Makotsa 2016). Such research, 
although very helpful, lacked a framework for compara-
tive analysis. Indeed, comparable research requires a pre-
defined coding scheme (or framework).

Skoog and Bilica (2002) developed such a framework 
to analyze the science standards of the states of USA, but 
their focus was on a limited set of overarching evolution-
ary concepts and not on their foundational concepts, 

thus limiting their applicability to lower school grades. 
Some years later, Asghar et al. (2015) provided some very 
useful results regarding the presence of evolutionary con-
cepts in the biology education curricula from distinct 
Canadian provinces and territories, basing their template 
of analysis on the “Understanding Evolution Concep-
tual Framework” (UECF). The UECF, which was devel-
oped “by a team of teachers and scientists making use of 
resources such as the Atlas of Science Literacy, Bench-
marks of Science Literacy, and the National Science 
education Standards” (Scotchmoor and Thanukos 2007, 
pp. 232–3), is the result of a collaborative project of the 
University of California Museum of Paleontology and the 
National Center for Science education (Understanding 
Evolution, 2020). UECF includes the foundational as well 
as the advanced concepts needed to develop a sophisti-
cated understanding of evolutionary theory (Asghar et al. 
2015). It is divided into five dimensions: History of life, 
Evidence of evolution, Mechanisms of evolution, Nature 
of science, and Studying evolution. Each dimension is 
further developed into core ideas appropriate for each 
grade (K-16). Finally, each core idea is divided in sub-
sets of related evolutionary ideas. UECF, according to its 
creators, is “a list of conceptual understandings regarding 
evolution, aligned across grade levels to help instructors 
identify age-appropriate learning goals for their students 
and understand how concepts taught at one grade level 
lay the groundwork for more sophisticated concepts later 
on” (Understanding Evolution 2020). UECF indicates 
which evolution concepts and mechanisms students 
should learn about. It is useful as an analytical framework 
that identifies the foundational evolutionary ideas in ele-
mentary grades, as well as specific concepts and mecha-
nisms concerning evolution in later grades (Asghar et al. 
2015). Although UECF cannot be directly used as a cur-
ricula assessment tool, it is a useful theoretical basis to 
inform the design of such tools. This was done by Asghar 
et al., who developed their own curricula assessment tool 
based on UECF and on the Canadian Common Frame-
work using the concepts “related to fossils and deep time, 
natural selection, and human evolution” (Asghar et  al. 
2015, p.5). Unfortunately, this assessment tool is focused 
only on a limited set of evolution concepts and the study 
does not present much information about the assessment 
tool itself. This prevents other researchers from per-
forming similar analyses. However, Asghar et  al. (2015) 
revealed the usefulness of UECF as an initial basis for the 
development of a framework that could be used to ana-
lyze and compare different countries’ curricula.

In this paper we aim to develop a framework (template) 
supported by validity and reliability evidence that could 
be used to perform comparative analyses of countries’ 
curricula.
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Framework development methods
To develop a framework to perform comparative cur-
ricula analysis, we started by identifying scientific studies 
that analysed curricula for their coverage of evolution. A 
non-systematic search allowed us to identify the studies 
of Skoog and Bilica (2002) and Asghar et  al. (2015). To 
identify additional studies performing curricula analysis 
regarding the coverage of evolution we have made two 
searches in the Web of Science: one using the “evolution” 
and “curriculum analysis”; a second one with “evolution” 
and “curricula analysis”. From these searches we did not 
retrieve any papers related with analysis of the curricula 
regarding the coverage of evolution. Given the scarcity 
of papers providing a methodological framework to ana-
lyse curricula regarding their coverage of evolution, we 
followed the example of Asghar et al. (2015) and started 
developing our Framework to Assess the Coverage of 
biological Evolution by school curricula (FACE) based on 
UECF.

Content analysis (Bjørnsrud and Nilsen 2011; Erdoğan, 
et  al. 2009; Mkumbo 2009; Seker and Guney 2012) was 
the selected method to analyze curricula and specifically 
the “deductive content analysis” as this is “guided by a 
half-structured or structured analysis matrix” (Kyngäs 
and Kaakinen 2020, p.23). Based on the UECF we built a 
system of categories and subcategories—attributing code 
numbers to each category and subcategory—that we used 
to proceed with the content analysis. The five knowledge 
dimensions that UECF includes were considered as the 
categories for our analysis: i) History of Life, ii) Evidence 
of Evolution, iii) Mechanisms of Evolution, iv) Nature of 
Science (NoS) and v) Studying Evolution. The main learn-
ing goals that, according to UECF, support learning in 
these five categories were considered as subcategories. 
Several studies support the importance of these five cat-
egories and their subcategories as we describe below.

History of life
Exploring and understanding the History of Life allows 
students to: i) explore distinct temporal scales, a thresh-
old concept that is essential for evolution understand-
ing (Tibell and Harms 2017); ii) understand deep time, a 
prerequisite to understand macroevolutionary processes 
that has been proven to be challenging to many students 
and to predict students’ acceptance of evolution (Catley 
and Novick 2009; Cotner et  al. 2010); iii) perceive the 
historical patterns of temporal scales of natural envi-
ronmental changes and its correlation with extinction 
rates and compare those with present day patterns to 
fully understand the human impact in the environment 
(Wyner and DeSalle 2020). Aligned with these goals, 
UECF included learning goals that address distinct time 
scales (turned into the subcategories 1.1 to 1.5 and 1.7 

see Appendix A) including deep time (subcategories 1.1, 
1.3), the geological and human induced changes and its 
impacts on evolution (subcategories 1.3, 1.4 and 1.6) as 
well as the extinction process (subcategory 1.5).

Evidence of evolution
Recent work has shown that students’ position on the 
relationship between evolution and creation can be 
affected, among other factors, by their understanding of 
the scientific evidence supporting evolution (Yasri and 
Mancy 2016). In agreement with this evidence, UECF 
includes several learning goals related with the evidence 
for evolution (category 2 that includes subcategories 2.1 
to 2.6).

Mechanisms of evolution
Understanding the processes that cause evolution are 
essential not only to understanding the world around 
us but also to be able to address current socioscientific 
issues (Fowler and Zeidler, 2016; Peel et al. 2019). UECF 
addresses the evolutionary processes in the dimension 
“evolutionary mechanisms” (category 3 from FACE), 
which includes not only learning goals that are aligned 
with the key and threshold concepts proposed by Tibell 
and Harms (2017) to understand evolution by natural 
selection (subcategories 3.1 to 3.3 and 3.5 to 3.12; see 
Appendix A) but also learning goals that specifically 
address other evolutionary processes such as sexual 
selection (subcategory 3.7) and drift (subcategory 3.8). 
Although sexual selection and drift are usually much 
less often addressed by evolution education research and 
educational curricula, these play a very important role in 
species evolution, being fundamental for the understand-
ing of natural world and populations, for the teaching of 
evolution (Price et al. 2014; Sá-Pinto et al. 2017), and in 
the case of drift, to address problems such as biodiversity 
loss (Price et al. 2014).

Studying evolution
In alignment with recommendations for science educa-
tioneducation (NRC 2012) UECF also includes learning 
goals for students to understand how researchers study 
evolution and how knowledge from evolutionary biol-
ogy can be applied in daily life contexts. These learning 
goals are included in the dimension “Studying Evolution” 
which was turned into our category 4 (with subcategories 
4.1, 4.2 and 4.3).

Nature of science
Finally, UECF also addresses students’ understanding 
about the nature of science (NoS), which has been con-
sidered very important for effective science education, 
and evolution education in particular (e.g. Freeman et al. 
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2014; Handelsman et  al. 2006; Labov et  al. 2009; Singer 
et al. 2012; Wieman 2014). Several studies (e.g. Rudolph 
and Steward 1998; Lombroso et  al. 2008; Sinatra et  al. 
2008; Scharmann 2018; Nelson et al. 2019) show a direct 
correlation between accepting evolution and under-
standing NoS. This means that if the curricula are made 
with the purpose of students to not only know but also 
to accept evolution, then paying attention to NoS gains 
an extra importance. This importance was recognized 
by the US National Academy of Sciences, and the UECF 
authors. NoS was turned into our category 5 (with sub-
categories 5.1 to 5.5 aligned to dimensions of NoS pro-
posed in the Appendix H of NRC 2013).

This initial version of the Framework for the Assess-
ment of school Curricula on the presence of Evolution-
ary concepts (pre-FACE) was initially piloted in the 
Italian curriculum. This curriculum was chosen because 
its learning goals are phrased in a complex, sometimes 
ambiguous wording, allowing different possible interpre-
tations. Therefore, it would be ideal for revealing possible 
gaps or weaknesses of the pre-FACE as a framework for 
analyzing curricula.

We are aware that we analyze the “latent content” of 
evolution concepts in the curriculum, as “the locus of 
meaning is in the content but must be inferred by rec-
ognising a pattern across elements” (Potter and Lev-
ine‐Donnerstein 1999, p. 261). In our case the unit of 
analysis was the “meaning unit” – “the constellation of 
words or statements that relate to the same central mean-
ing” (Graneheim and Lundman 2004, p. 106)–inside the 
learning goals expressed in a curriculum. Each learning 
goal expressed in the curriculum was considered as one 
meaning unit, although in some rare cases a learning goal 

could simultaneously address two different learning goals 
regarding evolution learning. One example is a goal that 
is asking students to “relate the consequences of anti-
biotic misuse with increased bacterial resistance”. This 
requires students to understand that anthropogenic envi-
ronmental changes and biological evolution are linked 
(subcategory 1.4), but also that evolution can be directly 
observed (subcategory 2.2). So, a learning goal like this 
includes two meaning units and each meaning unit was 
coded separately. For reasons of text economy from now 
on when we refer to learning goals we are in fact referring 
to meaning units regarding the content analysis.

Validity evidence was gathered following the steps pro-
posed by Potter and Levine-Donnerstein (1999) (Table 1) 
and suggestions were made on the “appropriateness, 
meaningfulness, correctness, and usefulness” of our 
framework according to our results (Fraenkel et al. 2012, 
p. 147).

Three Italian coders analyzed the Italian curriculum 
and also translated its goals into English. Two non-Italian 
coders analyzed the translated learning goals using the 
pre-FACE. We chose to include international coders–
besides the Italian ones–so that we would ensure that the 
coders would see the curriculum for the first time. Work-
ing along with the coders on the Italian curriculum to 
spot any inconsistencies in the framework or overlapping 
categories and taking under consideration the critique of 
Hanisch and Eirdosh (2020), we made some adjustments 
to the pre-FACE in order to: i) join some subcategories 
that were redundant and/or returned overlapping results; 
ii) include guidelines to clarify the conditions under 
which a learning goal should, or should not, be included 
in a given subcategory.

Table 1 Steps followed to ensure validity

* adjusted from Potter and Levine-Donnerstein (1999, p.261 and 266)

Steps ensuring the validity in the latent pattern content analysis* Steps ensuring the validity in our research

Develop a coding scheme that guides coders in the analysis of content. 
If the scheme is faithful to the theory in its orienting coders to the 
focal concepts, it is regarded as a valid coding scheme

Our coding scheme was pre-FACE which was developed based on the UECF. 
As described above UECF covers the major evolution ideas (see Appendix 
A) and has also been used by Asghar et al. (2015). Therefore, using this as a 
basis enhances the validity of our coding scheme

Coders have to recognise patterns in the text Coders had to recognise patterns in the curriculum = the presence of the 
concepts of the pre-FACE in the curriculum under examination

Assess the decisions made by coders against some standard (norm). If 
the codes match the standard for correct decision making, then the 
coding is regarded as producing valid data. We look at the pattern of 
agreement that shows at least 80% of the coders making the same 
coding. This is a high degree of agreement, and this sets a fairly con-
sistent norm. It means that in our analysis the codes were effective in 
assessing what it was intended to assess (validity) and this would be a 
widely held judgment (reliability)

Coders (experts with diverse profiles and expertise in the field of biology and 
education –some are experts in evolutionary biology, science education 
and science communication and some are elementary/secondary biology 
teachers or elementary school/biology teachers’ trainers), some working 
independently and some not, provided the coding. The independent cod-
ing of the data ensured that all meaning units would be identified and that 
none was left outside, that is, all learning goals referring to evolution are 
included. Codes provided by the coders were compared and the interraters’ 
(intercoders’) agreement assessed by using Krippendorff ’s alpha coefficient 
(Krippendorff 2011). Acceptable results mean a widely held judgment: 
anyone who would read the same extract of the curriculum would be led 
to the same results regarding which evolution concept was covered
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Our framework, at this point the “pre-FACE-2”, con-
sisted of the same five categories as the UECF, namely i) 
History of Life, ii) Evidence of Evolution, iii) Mechanisms 
of Evolution, iv) Studying Evolution, v) Nature of Science 
(NoS), but resulted in having fewer subcategories than in 
the beginning of the analysis. Based on this framework 
we performed the following analysis. Each subcategory 
was assigned a number where the first digit identifies 
the main category to which an idea belongs, and the next 
digit(s) identifies the specific subcategory (see Table 2).

To characterize a learning goal, a coder should consider 
at first the category in which it fits, then decide about the 
specific subcategory, and finally record every occurrence 
in the analyzed curriculum.

Data used for the development of the framework
Within the European context exists a wide range of cur-
ricula designs and traditions. In Scandinavian countries 
and in the UK, school curricula are designed in a highly 
general form, only mentioning general topics for the 
schools and teachers themselves to be the responsible 

Table 2 Conceptual framework for the analysis of school curricula regarding evolution (pre-FACE-2*)

* please note that the final version of FACE is presented in Table 4

Category Subcategrory

1. History of life 1.1 Life has been on Earth for a long time

1.2 Present day life forms are related to past life forms

1.3 Large scale environmental changes (caused by geological, geophysical, astronomical factors) and biological evolution 
are linked

1.4 Anthropogenic environmental changes and biological evolution are linked

1.5 Many life forms that once existed have gone extinct

1.6 Rates of evolution vary

1.7 Life forms/species/ change through time

2. Evidence for Evolution 2.1 Similarities and/or differences among existing organisms (including morphological, developmental, and molecular 
similarities) provide evidence for evolution

2.2 Evolution can be directly observed

2.3 The fossil record provides evidence for evolution

2.4 The geographic distribution of extant species provides evidence for evolution

2.5 Artificial selection provides evidence for evolution

2.6 Organisms’ features, when analysed in relation to their environment provide evidence for evolution

3. Mechanisms of Evolution 3.1 Evolution is often defined as a change in allele frequencies within a population

3.2 There is variation within a population

3.3 Living things have offspring that inherit many traits from their parents but are not exactly identical to their parents

3.4. Evolution occurs through multiple mechanisms

3.5. Natural selection acts on the variation that exists in a population

3.6 Inherited characteristics affect the likelihood of an organism’s survival and reproduction

3.7 Sexual selection occurs when selection acts on characteristics that affect the ability of individuals to obtain mates

3.8 Genetic drift acts on the variation that exists in a population

3.9 Fitness is reproductive success—the number of viable offspring produced by an individual in comparison to other 
individuals in a population/species

3.10 Species can be defined in many ways

3.11 Speciation is the splitting of one ancestral lineage into two or more descendant lineages

3.12 Evolution does not consist of progress in any particular direction

4. Studying evolution 4.1 Scientists study multiple lines of evidence about evolution

4.2 In everyday life we can find applications of evolutionary biology

4.3 Classification is based on evolutionary relationships

5. Nature of Science 5.1 Science is a human endeavor (achievement)

5.2 Science provides explanations for the natural world

5.3 Science is based on empirical evidence

5.4 Scientific ideas can change through time

5.5 Scientific theories are built through a transparent collective endeavor
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executors of content. For example, in the official Nor-
wegian curriculum, evolution is barely mentioned, and 
officials are trusting teachers on how the formal content 
should be adapted and delivered to the students (Udir 
2013 and 2020). It is self-evident that this kind of cur-
ricula were not suitable to be analyzed with the proposed 
framework. Thus, in this study we chose among a specific 
tradition of curriculum-development that is character-
ized by a more detailed prescription level; this fits many 
European countries but does not aim to reflect the whole 
range of European curricula traditions. Four European 
countries’ curricula of this kind (Greece, Italy, Portugal 
and Slovenia) were used to test the developed framework.

Given the differences between countries’ school sys-
tems, we decided to analyze grades 1–9 Biology or Sci-
ence curricula, or other subjects in which Biology is 
taught, if the latter did not exist as a separate subject in 
the school curriculum of a given school grade/country. 
An exception was made for Italy, for which we analyzed 
grades 1–10, as the official curriculum considers the 9th 
and 10th grades together. Although important evolution 
learning goals may be addressed in Geography, Geology, 
or History, the learning goals of these disciplinary fields 
were only analysed if they were taught in the same disci-
pline that also addressed Biology learning goals.

In three out of four countries (i.e., Portugal, Slove-
nia and Greece) 9th is the grade until which all students 
share the same compulsory subjects and programs. After 
the 9th grade (after 8th grade in Italy), students are usu-
ally allowed to choose distinct educational branches, 
some of which do not include any biological discipline 
(information about the official documents analyzed and 
the distinct educational systems provided in Appendix 
B).

In many countries, although evolution is explored 
more in depth in higher grades, several organizations and 
researchers argue for the inclusion of evolutionary ideas 
starting in the first school years (Campos et  al. 2013; 
Emmons et  al. 2017; Kelemen et  al. 2014; NRC 2012). 
This perspective motivated developing a framework for 
curriculum analysis that could be applied to lower school 
grades to study and guide curricula construction.

Reliability and coding process
To perform reliability tests in content analysis (Krippen-
dorff 2004, p. 212, 219), it is important to use “several 
researchers with diverse personalities”—like the authors 
of this paper who are characterized by various profes-
sional and educational profiles and in many cases were 
coders. The coders worked in differing environments 
(i.e. different origins of coders in our case) and demon-
strated reproducibility (intercoder reliability; i.e. ‘two or 
more individuals, working independently of each other, 

applying the same recording instructions to the same 
units of analysis’; Krippendorff 2004, p. 219). More than 
one coder applied the same coding scheme to the same 
units of analysis; a minimum of two coders from each 
country (local coders) independently read the curriculum 
of their country and identified any evolutionary goals 
they could find in these documents. These coders gener-
ated a table where each learning goal would occupy a cell 
in a line (with very few exceptions where a learning goal 
could include more than one meaning unit, as explained 
above). In the cell right next to it they were asked to write 
the translation of this text in English, which was checked 
by the rest of the national team members to be consist-
ent with the meaning of the initial text. This procedure 
allowed international coders (one or two foreign coders 
who had access only to the learning goals but not to the 
coding) to contribute a "blind" analysis. A “national coor-
dinator” from each country gathered all coders’ results in 
one file (presented in Table 3) and gathered reliability evi-
dence. After that, he/she (i) organized meetings with his/
her country’s local coders to discuss results, (ii) identify 
cases in which many disagreements occurred, and (iii) 
propose possible changes to be included in the frame-
work to address these problems. The problems and solu-
tions found in each country were then discussed by the 
team of national coordinators who produced changes to 
the FACE.

The phases of FACE development are summarized in 
Fig.  1. The reliability of all coders for each curriculum 
was tested by Krippendorff ’s alpha using IBM(c) SPSS 25 
and the “syntax kalpha” created by Hayes and Krippen-
dorff (2007).

Results and discussion
Our goal was to develop a valid and reliable framework 
for researchers to assess school curricula according to 
whether they address the ideas, concepts, and mecha-
nisms that are necessary to understand evolution. Across 
the four countries included in this study we found evi-
dence supporting the presence of learning goals address-
ing 29 from the 33 subcategories initially included in this 
analysis (see Table 2 for the framework used and Table 4 
for the final version of FACE). Reliability was calculated 
based on Krippendorff ’s alpha coefficients (Table 5) and 
results confirmed coder reliability for each country (Krip-
pendorff 2011).

Although Krippendorff ’s alpha value was always above 
the lowest acceptable level of alpha (0.67, Krippendorff 
2011), several issues have been identified during the pro-
cess of the development of the framework. To overcome 
these problems, following the suggestion of Potter and 
Levine-Donnerstein (1999, p. 267) to “provide formu-
lae for weighting the different elements so that [future] 
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coders will know how to sort through conflicting sets of 
cues as well as how to handle other coding problems”, we 
provided guidelines to be applied in specific cases. One 
of them concerns classifying learning goals that relate 

biological structure and function. In FACE, the subcat-
egory 2.7 “Organisms’ features, when analyzed in rela-
tion to their environment provide evidence for evolution” 
(Table 2) was derived from the UECF which provided as 
an example that “Form is linked to function.” However, 
this subcategory sparked an intense debate in our anal-
ysis of the school curricula, mostly when trying to code 
learning goals that would link structure and function of 
internal organs without mentioning the organism’s liv-
ing environment. For example, in the Portuguese “Essen-
tial Learning Goals Guidelines” it is written: “Relate the 
organs of the male and female reproductive system with 
their function” (6th grade; Portuguese Government/Min-
istry of Education, 2018f p10); “Identify the morphol-
ogy and anatomy of the heart of a mammal, explaining 
its main constituents and their respective functions” (9th 
grade, Portuguese Government/Ministry of Education, 
2018i p9); and in the Italian curricula we read: “The stu-
dent can recognize in her/his organism structures and 
functions at macroscopic and microscopic levels” (6th-
8th grades). To overcome the uncertainty of whether one 
should attribute subcategory 2.7 in these cases or not we 
decided that a learning goal fits in this subcategory only 
if it enables the connection of a particular feature of the 
organism and its external environment (see Table  4 for 
the final version of FACE).

Another problem identified during the application of 
our framework arose with subcategory 3.2—“There is 
variation within a population”—and subcategory 2.1—
Similarities and/or differences among existing organisms 
(including morphological, developmental, and molecular 
similarities) provide evidence for evolution”—as these 
were sometimes misused by some of our members, who 
would consider cases of intraspecific variability belonging 
to 2.1. To solve this problem, we propose that: i) coders 
should assess whether the learning goal is focusing on the 
mechanisms of evolution or the evidence of evolution, as 
these two subcategories are part of different categories; 
and ii) the subcategory 2.1 to be applied only for learn-
ing goals that mention interspecific diversity or diversity 
among higher taxonomic levels (example prokaryotic 
versus eukaryotic cells, see Table  4 for the final version 
of FACE).

A similar problem was raised by the interpretation of 
the subcategory 1.2 “Present day life forms are related to 
past life forms”. When classifying learning goals related 
with genealogical trees, some coders applied this subcat-
egory to relationships between individuals of the same 
species. To avoid this, we included a guideline stating 
that subcategory 1.2 should only be applied to learning 
goals mentioning distinct species and not distinct indi-
viduals of the same species (see Table 4 for the final ver-
sion of FACE).

Fig. 1 Description of the process that led to the development of 
FACE
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All coders referred to goals they identified describing 
the need for students to engage in scientific practices or 
recognize the importance of scientific methods, such as:

“Know how to ask questions, raise hypothesis, make 
inferences, prove results and know how to commu-
nicate, recognizing how knowledge is built” (Por-
tugal, Essential Learnings 1st to 4th grades; Por-
tuguese Government/Ministry of 2018a p8; 2018b 
p9; 2018c p9; 2018d p10 respectively); “implement 
practical investigations, based on systematic obser-
vation, modeling and laboratory/experimental work, 
to address problems related to terrestrial materials, 
diversity of living beings and their interactions with 
the environment. (…) Build scientific explanations 
based on scientific concepts and evidence, obtained 
through the performance of diversified practi-
cal activities—laboratory, experimental, field—and 
planned to try to answer formulated problems.” (Por-
tugal, Essential Learnings 5th to 6th grades; Portu-
guese Government/Ministry of Education, 2018e p4; 
2018f p4).
“[The student] Explores phenomena with a scien-
tific approach”; “The pupil observes and describes 
the unfolding of events, asks questions based on 
personal hypotheses, proposes and realizes simple 
experiments, with the help of the teacher” (Italy, 
learning goals for grades 1st to 5th).
“Is able to collect qualitative and quantitative data by 
observing and performing measurements, to record 
and present them appropriately” (Slovenia, subject 
Science in 6th and 7th grade).

Although engaging in scientific practices is fundamen-
tal to fostering the development of students’ scientific 
literacy (NRC, 2012), goals like these were not directly 
described in our framework of analysis. But most of the 
local coders recognized these and similar learning goals 
as belonging to the subcategories referring to Nature 
of Science (NoS), mainly based on the assumption that 
engaging in scientific practices could provide a chance 
to get better acquainted with the NoS. Furthermore, 
coding of these learning goals was among the ones with 
the least consensus between the coders. The confusion 
between scientific practices, scientific inquiry and NoS 
is common and longstanding (reviewed by Lederman 
2019). However, research results show that students will 
only learn about the NoS if this is explicitly integrated 
in the instruction (reviewed by Lederman 2019). To 
further improve our framework, we recommended the 
introduction of a new and independent category, which 
would allow researchers to be more precise and include 
in this category the learning goals that are related with 

the development of scientific practices as defined by NRC 
(2012). Another issue related with NoS was the fact that, 
in some countries, some official documents mention the 
importance of valuing the NoS but they do not differenti-
ate the dimensions of the NoS to be learned by students, 
therefore precluding its assignment to any subcategory 
of NoS present in our framework. One example of such 
statements can be found in Portuguese official docu-
ments from 1st to 4th grade that mention in its intro-
ductory text, that it is essential to “Value the nature of 
science, continuing the development of scientific meth-
odology in its different stages” (Portuguese Government/
Ministry of 2018a p3, 2018b p3; 2018c p3; 2018d p4). To 
overcome this issue, we proposed a guideline suggesting 
that such statements should be coded as belonging to cat-
egory 5 (NoS) without detailing the subcategory, there-
fore they should be coded as subcategory 5.0 (Table 4).

FACE (Table  4) will provide researchers a tool sup-
ported by validity and reliability evidence to analyze dif-
ferent countries’ curricula. Although countries differ 
significantly in several aspects (e.g., educational policies, 
curricula, teachers’ education, school textbooks), having 
a tool supported by evidence to assess coverage of evo-
lutionary key concepts by school curricula could help 
researchers get a clearer picture for each country. When 
comparing, for example, the public’s acceptance of evolu-
tion in different countries (Miller et al. 2006), having an 
idea about the education that those people have received 
based on their official school curricula can help to under-
stand the impact of the curricula in public’s evolution lit-
eracy and acceptance and inform appropriate decisions 
on educational policies to increase these.

Study limitations and suggestions for further research
We should highlight that although important evolution 
learning goals may be addressed in Geography, Geology, 
or History, the learning goals of these disciplinary fields 
were only analyzed if these were taught in the same disci-
pline that also addressed Biology learning goals. Further-
more, in our analysis we did not cover the curricula of 
the school years during which evolution is studied as a 
major topic or in more depth (in Portugal this is explored 
in the 11th grade). This may explain why some of FACE’s 
subcategories were not identified in any of the examined 
curricula (e.g. Rates of evolution vary, Evolution is often 
defined as a change in allele frequencies within a popu-
lation, Genetic drift acts on the variation that exists in a 
population etc.). This did not surprise us because UECF 
suggests that some of these subcategories should  be 
explored by older students. It is possible that additional 
problems could arise when using the FACE in upper edu-
cational levels. Given this, future work should expand the 
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study of FACE’s usefulness in evaluating higher grades’ 
curricula.

FACE (Table  4) could also be used to assess whether 
the evolutionary concepts are presented in other school 
subjects’ curricula, besides biology, and could also be 
used to assess their presence in a continuity or in a frag-
mented fashion. The analysis of Scheuch and Rachbauer 
(2019) found a fragmentation of evolutionary concepts 
in Austrian school textbooks, and Nehm et  al. (2009a, 
b) consider fragmentation as a major possible source of 
misconceptions as it gives students a fragmentary pic-
ture of evolution (Sanders and Makotsa 2016). Of course, 
we should not underestimate the role of a good teacher 
in overcoming any obstacles posed by the curriculum. 
Therefore, besides analyses of countries’ curricula fur-
ther studies focusing on teachers, students, textbooks 
and teaching practices are needed to improve our under-
standing about how evolution is taught in each country.
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Table 5 Threshold and key concepts of evolution by natural selection (Tibel and Harms, 2017) and examples of how these 
are addressed in FACE

Type of Concept Concept Examples of how these concepts are addressed in FACE 
(subcategories are identified by their codes and description; 
guidelines provided when needed)

Threshold concept Temporal scale Processes taking place at very long temporal scales:
1.1 Life has been on Earth for a long time
1.3 Large scale environmental changes (caused by geological, geo-

physical, astronomical factors) and biological evolution are linked
2.3 The fossil record provides evidence for evolution
Processes taking place at our species temporal scale:
1.4 Anthropogenic environmental changes and biological evolution 

are linked
2.6 Artificial selection provides evidence for evolution
Processes taking place in a generation time scale:
3.3 Living things have offspring that inherit many traits from their 

parents but are not exactly identical to their parents
Processes taking place at diverse time scale:
1.5 Many life forms that once existed have gone extinct
1.7 Life forms/species/ change through time

Spatial scale Large worldwide scale
1.3 Large scale environmental changes (caused by geological, geo-

physical, astronomical factors) and biological evolution are linked
2.4 The geographic distribution of extant species provides evidence for 

evolution
Ecosystem/population scale
2.6 Organisms’ features, when analysed in relation to their environment 

provide evidence for evolution
3.5 Natural selection acts on the variation that exists in a population
Individuals’ scale
3.6 Inherited characteristics affect the likelihood of an organism’s 

survival and reproduction
Cell/molecular scales
3.3 Living things have offspring that inherit many traits from their 

parents but are not exactly identical to their parents (includes the fol-
lowing guideline: recombination and mutations in reproductive cells 
result in new heritable traits and are sources of diversity)

Probability 3.6 Inherited characteristics affect the likelihood of an organism’s 
survival and reproduction

3.7 Sexual selection occurs when selection acts on characteristics that 
affect the probability of individuals to mate

Randomness 3.3.- Living things have offspring that inherit many traits from their 
parents but are not exactly identical to their parents (guideline: A 
learning goal considered to represent subcategory 3.3 may ask stu-
dents to understand that recombination and mutations are random 
processes)

3.8 Genetic drift acts on the variation that exists in a population

Key concepts of natural selection: Principle Variation Origin of variation 3.3 Living things have offspring that inherit many traits from their par-
ents but are not exactly identical to their parents. (guideline: A learn-
ing goal considered to represent subcategory 3.3 may ask students 
to understand that recombination and mutations in reproductive 
cells result in new heritable traits and are sources of diversity)

Individual variation 3.2 There is variation within a population
3.5. Natural selection acts on the variation that exists in a population
3.8 Genetic drift acts on the variation that exists in a population

Differential fitness 3.6 Inherited characteristics affect the likelihood of an organism’s 
survival and reproduction

3.9 Fitness is reproductive success — the number of viable offspring 
produced by an individual in comparison to other individuals in a 
population/species
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Table 5 (continued)

Type of Concept Concept Examples of how these concepts are addressed in FACE 
(subcategories are identified by their codes and description; 
guidelines provided when needed)

Key concepts of natural selection: Principle Inheritance Heritable traits 3.6 Inherited characteristics affect the likelihood of an organism’s 
survival and reproduction

3.3 Living things have offspring that inherit many traits from their 
parents but are not exactly identical to their parents

Reproduction 3.7 Sexual selection occurs when selection acts on characteristics that 
affect the probability of individuals to mate

3.9 Fitness is reproductive success — the number of viable offspring 
produced by an individual in comparison to other individuals in a 
population/species

Key concepts of natural selection: Principle Selection Selection pressure 3.6 Inherited characteristics affect the likelihood of an organism’s 
survival and reproduction (Guideline: A learning goal considered 
to represent subcategory 3.6 may ask students to understand that 
(…) advantageous traits depend on the environment and selective 
pressures it imposes)

Differential survival 
and reproduction

3.6 Inherited characteristics affect the likelihood of an organism’s 
survival and reproduction

Change in population 3.1 Evolution is often defined as a change in allele frequencies within 
a population

Speciation 3.11 Speciation results from the splitting of one ancestral lineage into 
two or more descendant lineages

Appendix B
Description of each country’s school system 
and the analysed documents
Greece
The Greek educational system consists of preschool edu-
cation (mandatory), primary education (6  years), sec-
ondary education (6 years, from which the 3 of them are 
mandatory—lower secondary education—and the rest 
optional and divided to Professional and General stud-
ies, which both can lead to exams for tertiary education) 
and tertiary education (the years depend on the type of 
studies). The Greek curricula are official documents and 
teachers have to follow them—only a very small devia-
tion is allowed—and there is only one school textbook 
for each subject, which is available for free to students 
of public schools and also can be publicly accessed on 
the internet. The curricula that are valid today in Greece 
were published 17  years ago and are only being slightly 
modified from time to time (Government’s Gazette Vol. 
B, No. 304/13–03-03; ΑΔΑ: 6ΥΧΙ4653ΠΣ-ΧΨΕ). Biol-
ogy, as a separate subject, exists only in secondary edu-
cation, whereas in primary Education there are more 
general courses and teachers with no specialization in 
science teach these courses. Preschool students are con-
sidered to get in touch with nature and their environ-
ment and students of primary education get in touch 
with some biological concepts during their first 4 grades 
in a course called “Studying the Environment’’ (referring 

to manmade and natural environment). During their 
last two years of primary education a course called Sci-
ence dedicates about 1/3 of its content to Biology. How-
ever, from 2018 an official paper that was administered 
to schools asked teachers not to teach most of these bio-
logical concepts. As a result, Greek students who will 
graduate compulsory education will have studied biology 
mainly during their 3 last years and only for 1 h/week.

Portugal
In Portugal, compulsory education starts at the age 
of 6  years old, prior to which pre-school education is 
available in both private and public schools, but attend-
ance is not mandatory (Portuguese Republic Assem-
bly, 2009). Compulsory education extends for 12  years 
which include basic education and secondary education. 
In basic education, the subjects are common to all stu-
dents (until 9th grade). In secondary education, students 
can attend either science or humanities courses, which 
have common and specific subjects for each branch, or 
they can attend professional courses (Portuguese Gov-
ernment/Decree-Law 55/2018). Basic Education com-
prises three cycles. The first cycle is attended by students 
from 6–10 years-old and extends from the 1st to the 4th 
grade. During this cycle a single teacher is responsible 
to teach several subjects that include portuguese, math-
ematics, study of the environment, artistic education, 
physical education and citizenship and development. 1st 
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cycle students also have to attend English lessons (Diário 
da Républica Eletrónico/Decree-Law 55/2018). During 
this cycle, biology education is addressed in the study of 
the environment learning goals, which aim to develop 
content knowledge and skills in biology, geology, phys-
ics, chemistry, geography, history and technology (Por-
tuguese Government/Ministry of Education, 2018a, b, 
c, d). In the second cycle, from 5 to 6th grade (11-12y 
students), and third cycle, from 7 to 9th grade (13-15y 
students), each disciplinary field is taught by specialized 
teachers in that field. Biology is taught in the discipline 
of Natural Sciences, together with Geology. For all these 
cycles and disciplinary fields, the learning goals in terms 
of content knowledge and skills are mostly determined 
by the national official programs, with the school boards 
being allowed to determine up to 25% of the annual 
standards. The essential learning goals documents detail 
the content learning and skills that should be developed 
by all students during basic education. For that reason, 
in the present study we analysed the essential learning 
goals of study of the environment (from the 1st to the 4th 
grade; Portuguese Government/Ministry of 2018a to d) 
and natural sciences (from the 5th to the 9th grade Por-
tuguese Government/Ministry of Education, 2018e to i).

Italy
The Italian School System is organized in two cycles. The 
First Instruction Cycle is composed of Kindergarten, (3 
to 6  years, non-compulsory education), Primary School 
(1st to 5th grade, from 6 to 11 years of age, compulsory 
education) and Lower Secondary School (6th to 8th 
grade, from 11 to 14 years of age, compulsory education). 
The First Instruction Cycle offers the same curriculum to 
all students. The Second Instruction Cycle is composed 
of Upper Secondary School (9th to 13th grade). It is com-
pulsory until 16 years of age (9th and 10th grades) and is 
divided into different school types: Liceo, Technical and 
Vocational High Schools, each one with further speciali-
zations. Liceo High School is a general high school pre-
paring for university, Technical High School prepares for 
employment but also gives access to university, Voca-
tional High School, is more focused on practical subjects 
and work experience, but gives access to university too. 
In Kindergarten and in Primary School, a teacher (gen-
erally without a specific academic background) can teach 
all subject areas, including Biology, present in both seg-
ments with different names. In Lower Secondary School, 
science and mathematics are taught by the same teacher, 
usually with a biology or a mathematics degree. Science 
teaching time is officially 3  h per week. In Liceo High 
School, Biology is taught within Natural Sciences (2–3 h 
per week) by a teacher with a degree in biology/natural 
sciences or another related subject. In Technical and 

Vocational High Schools, Biology is taught as in Liceo, 
(within Natural Sciences, 2  h per week) but only in the 
first two grades, with the exception of some specializa-
tions (e.g. agriculture). School curricula are nationwide 
and regulated at the general level by Ministry of Educa-
tion guidelines. Teachers are guaranteed a good amount 
of liberty in teaching and in choosing among many differ-
ent textbooks.

Slovenia
In Slovenia, pre-school education is optional. Children 
can enrol as early as at the age of 11 months and attend 
it until they start compulsory school. Nine-year com-
pulsory school is divided into three three-year cycles 
(for students from 6 to 14  years old). It is mandatory, 
99% public, and state-financed. The first six years can be 
recognised as the primary (ISCED 1) level. Grades 7–9 
are internationally recognised as the lower secondary 
school (ISCED 2). This is followed by the upper second-
ary school system (ISCED 3) (from two up to five years) 
(Eurydice, 2019). Biology learning objectives are already 
included in the curriculum for pre-school education, in 
one of six programs named Nature. In the nine-year com-
pulsory school biology education is included in four com-
pulsory school subjects: Learning about the environment 
(1st, 2nd and 3rd grade), Science and Technology (4th 
and 5th grade), Science (6th and 7th grade), and Biol-
ogy (8th and 9th grade). The subject “Science” dedicates 
about 2/3 of its content to biology. Biology education is 
also a part of upper secondary education in subjects of 
Biology, Science or Science and Society, depending on 
the study program. Primary school teachers are teach-
ing all school subjects in the first three-years cycle and 
most of the second three-year cycle. In 5th and 6th grade 
specialized subject teachers gradually take over teaching 
subjects. These others teach the subjects Science in 6th 
and 7th grade and Biology in the 8th and 9th grade.
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