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Diagrams describing relationship between organisms, and their overall evolution, com-
monly in the form of phylogenetic trees or other evolutionary diagrams, have become
a part of even lower secondary biology textbooks. These diagrams can help promote
basic science literacy, yet their design may also strengthen misconceptions about evo-
lution. Therefore, based on the content analysis of 112 Czech biology textbooks for
secondary schools (ISCED levels 2 and 3), characteristics of introduced phylogenetic
trees and other evolutionary diagrams were recorded and evaluated according to the
cladistics to see if their construction supports the current scientific understanding of
evolution. The content analysis indicates that the design of nearly half of all diagrams
in current lower (ISCED 2) and upper secondary (ISCED 3) textbooks promotes lad-
der thinking. More than 80% of all diagrams were not accompanied by instructions
on how to read them, meaning that students did not have sufficient scaffolding to
understand them. Mainly ISCED 3 textbooks did not introduce additional problem
tasks that would support the use of the diagrams in the lessons. Therefore, authors of
textbooks should focus more on the construction quality of these diagrams while also
supporting their correct application during the educational process. This is likely to
prevent a further increase in student misconceptions.
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Fylogenetické stromy a další evoluční diagramy zobrazující vztahy mezi organ-
ismy a jejich evoluci se již staly součástí učebnic biologie a přírodopisu určených
pro sekundární vzdělávání. Tyto diagramy mohou rozvíjet základní přírodovědnou
gramotnost, ale nevhodný způsob jejich zobrazení může také posilovat miskoncepce
žáků o evoluci organismů. Ke zhodnocení této problematiky v ČR byla provedena ob-
sahová analýza 112 českých učebnic biologie a přírodopisu pro sekundární vzdělávání
(vzdělávací úrovně ISCED 2 a 3). Zaznamenány byly charakteristiky zobrazených
fylogenetických stromů a dalších evolučních diagramů a dle kladistiky zhodnoceno,
zda jejich stavba podporuje současné vědecké chápání procesu evoluce. Bylo zjištěno,
že způsob zobrazení téměř poloviny všech diagramů v učebnicích pro druhý stupeň
(ISCED 2) i střední školy (ISCED 3) podporuje tzv. žebříkovité myšlení (ladder think-
ing). Více než 80 % diagramů neobsahovalo instrukce k jejich čtení a žáci tak nemají
oporu, která by jim umožnila diagramy správně pochopit. Především učebnice pro
střední školy neuváděly dodatečné problémové úlohy, které by podporovaly využití
těchto digramů ve výuce. Doporučením při tvorbě učebnic je tedy zaměřit se na zk-
valitnění konstrukce těchto diagramů a podporu jejich využití ve výuce, což by mělo
bránit dalšímu nárůstu žákovských miskoncepcí.
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1 Introduction

Determination of relations among organisms and their evolution in time are studied nowadays more
than ever thanks to the growth of molecular genetics methods (Zrzavý et al., 2004). These findings are
then visualised in a form of branching diagrams commonly known as phylogenetic trees (Baum, 2008;
McLennan, 2010). And as knowledge of systematics (consisting of both taxonomy and phylogenetics) grew
over the last few decades, various phylogenetic trees and other types of evolutionary diagrams found their
way even into the lower secondary school textbooks (Catley & Novick, 2008).
Although these diagrams have the potential to both introduce students to the diversity of organisms

on the Earth and their relations as well as promote basic science literacy and a deeper understanding of
evolution (Gregory, 2008; Sandvik, 2008), they, unfortunately, showed as problematic. Firstly, they are
not self-explanatory and requires instructional scaffolding, and secondly, their design can also reinforce
various misconceptions, mainly ladder thinking and inappropriate level of anthropocentrism (Sandvik,
2008).
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These fallacies in understanding the concepts of phylogeny and evolution seem to be rather hard to
overcome. Even university students of biology often showed these misconceptions while dealing with the
phylogenetic trees (Dees et al., 2014; Halverson et al., 2011; Kummer et al., 2016) – they were unable
to correctly interpret the relations between taxa (Phillips et al., 2012; Sa’adah et al., 2017; Sandvik,
2008) and showed a wrong understanding of evolution (Sa’adah et al., 2017). Both biology graduates
and undergraduates tended to read the phylogenetic trees from left to right assuming that organisms on
the left always show more ancestral traits (Novick et al., 2012; Omland et al., 2008). Even graduates of
evolutionary biology and phylogenetics courses struggled to read and build the correct phylogenetic trees
(Phillips et al., 2012; Schneider et al., 2012).
This raises the question of whether phylogenetic trees should be even introduced at lower educa-

tional levels. On the other hand, the introduction of correctly made phylogenetic trees during the lessons
accompanied by instructions on how to understand them can be a tool to challenge students’ way of
thinking and target their misconceptions about the evolution of organisms (Angielczyk, 2009; Sandvik,
2008). As a special type of diagram, they can be also used to promote not just basic science literacy
but also statistical and reading literacy (in other words to promote several key competencies). Therefore,
phylogenetic trees can be a very useful part of biology education even at the secondary level if used in
the right way.
As evolutionary biology is already introduced at the end of a lower secondary level (ISCED 2), phylo-

genetic trees can help to visualize its basic principles. This stresses the need to design these trees correctly
using cladistic principles. The way the tree is depicted influences how the viewers read and understand
it (Dees et al., 2018; Novick et al., 2012), therefore, an inappropriately constructed phylogenetic tree can
do more harm than good as it can support the scientifically incorrect ways of thinking mentioned above
(Sandvik, 2008).
Unfortunately, only little is known about if biology textbooks help to promote students understanding

of phylogenetic trees or if they use them to support the correct concept of evolution and organisms’
relations. In the case of Czech ISCED 2 and 3 biology textbooks, there is nothing known about the overall
amount or the quality of phylogenetic trees and other evolutionary diagrams as well as their integration
into the presented curriculum – neither in the current textbooks nor from a historical perspective.
Therefore, this study aims to explore the following:

• Are basics of phylogenetics and taxonomy (as how relations among organisms are established)
introduced in the Czech ISCED 2 and 3 biology textbooks?

• When did the phylogenetic trees and other evolutionary diagrams become a part of Czech ISCED 2
and 3 textbooks?

• What types of phylogenetic trees and other evolutionary diagrams can be found in the Czech
textbooks?

• What kind of information do these types of diagrams show (i.e. their characteristics)?

• Does the design of these diagrams support the scientifically correct understanding of evolution (tree
thinking)?

• Do the current textbooks contain sufficient scaffolding on how to read and understand these types
of diagrams?

2 Theoretical framework

Diagrams showing the development and relations between organisms became emblematic visuals of mod-
ern biology. Today, these diagrams are commonly grouped under the term phylogenetic tree (or synony-
mously evolutionary tree) (Reddy, 2011).

2.1 Brief history of taxa relations determination

The history of these diagrams began in the second half of the 19th century. At that time, relations
among organisms were studied by systematics and their determination relied only on the morphology and
anatomy of organisms (Fendrych, 1947; Hoßfeld et al., 2017). The first phylogenetic trees are attributed
to Charles Darwin (Gregory, 2008) and were published in his ‘On the Origin of Species’ in 1859 (Darwin,
1859). In the very next decade, these branching diagrams spread and were used by other scientists (Hoßfeld
et al., 2017; Mivart, 1865).
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Progress of genetics during the second half of the 20th century gave rise to the modern phylogenetics
that determines relations of organisms according to their heritable traits – not just morphology, but also
their DNA (Reddy, 2011; Zrzavý et al., 2004). The shape of phylogenetic trees and methods of their
construction then gradually changed – from morphological-based ladder trees such as Haeckel’s trees of
life (Dayrat, 2003) to a currently popular form of right-angled chronograms based on molecular genetics
methods (Omland et al., 2008; Yang & Rannala, 2012). This resulted in many new findings from major
changes in the classification of certain taxonomic groups to the discovery of cryptic species, but it also
enabled more precise reconstruction of evolutionary history (Zrzavý et al., 2004).

2.2 Definition and characteristics of phylogenetic trees

The term phylogenetic tree is derived from its visual form. Such diagram shows a branching pattern, where
every branch represents a certain group of organisms. Branches end up with tips that can represent either
higher taxon, a single species or in some cases even a specific gene (Reddy, 2011; Scott & Baum, 2016).
Taxa showed at the tips of the branches are mostly extant, but can be also extinct or represented by
fossils (Scott & Baum, 2016).
Branches divide into nodes that represent speciation events and the last common ancestor of organisms

that are represented by the branches descending further from the node (McLennan, 2010); Scott & Baum,
2016). Therefore, branches can be turned (rotated) at the nodes without a change of diagram’s meaning
(Fig. 1) (Baum, 2008). This means that it is the topology of branches that really matters and not the
order of taxa at the tips of branches (Sandvik, 2008).

Fig. 1: Three hypothetical phylogenetic trees, each taxon labelled with a letter. All three trees show the same
information about the taxa relations, only the branches were rotated in nodes on different levels

In the node, the branch splits into two – if more than two branches are descending from one node,
it means that relations among these taxa remain unclear (referred to as polytomy or multifurcation)
(Novick & Catley, 2016).
Phylogenetic trees can be unrooted or rooted, where rooted means that there is one branch representing

the last common ancestor of all depicted taxa at the beginning of the tree, and all the other branches are
successive to this one (Reddy, 2011; Scott & Baum, 2016).
To create a branching pattern that is easy to read and visually clear, branches are often connected

in 90◦ angles. Therefore, every tree can be visualised in several different ways without a change in
a branching pattern (McLennan, 2010). Types commonly used in the scientific literature are for example
(Baum, 2008) rectangular tree that can be easily transformed into circular or ladder tree (diagonal) (see
Fig. 2).

Fig. 2: Three different shapes of the same tree, from the left: rectangular, circular, ladder (diagonal)
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Phylogenetic trees are constructed using various methods, but they all share the common principle –
organisms are grouped according to their shared unique characteristics (anatomy, morphology, DNA
sequence, etc.) (McLennan, 2010; Morrison, 1996). This applies both in the case of analysis of currently
living organisms relations as well as relations among extinct and extant taxa (Morrison, 1996). To address
these characteristics, it requires specific terminology. Characteristics are described as (McLennan, 2010;
Scott & Baum, 2016):

• plesiomorphy – ancestral state of certain characteristic

• apomorphy – derived state of ancestral characteristic, referred to as a synapomorphy if certain apo-
morphy is shared within a group of organisms (clade) and as an autapomorphy, if this characteristic
is found only in one taxon

Notably, only characteristics of taxa can be assigned as plesiomorphic or apomorphic, not the taxa
themselves as they always combine both types of characteristics (Zachos, 2016).
According to the type of represented information, we can divide phylogenetic trees into several cate-

gories. In all cases, the hierarchical branching pattern of the tree (broadly referred also as dendrogram)
shows the same relations among taxa, but the information given by the branches varies (Podani, 2019;
Reddy, 2011; Scott & Baum, 2016; Zachos, 2016):

• cladogram – shows only relations of taxa through the branching pattern and does not show ancestor-
descendant relations (extant taxon cannot be ancestral for another extant taxon), represents only
relative time (if rooted and consisting of extant taxa, the root represents the past and the tips of
the branches present, but nodes themselves do not represent specific points in time)

• phylogram – the length of branches represents the amount of characteristics’ change, therefore, the
tips of the branches are not equidistant from the root

• chronogram – the length of branches represents the absolute time, and all the tips of the branches
are equidistant from the root (in the case they represent extant taxa)

• special types as spindle diagram (also referred to as romerogram, where the thickness of branches
represents the diversity of taxa in time) or tree of life (aims to visualise the evolution of life, the
root represents the last universal common ancestor of all organisms on Earth)

Till today, various types of phylogenetic trees became ordinarily used at the university level but also
found their way into secondary school textbooks (Catley & Novick, 2008), which requires the ability to
read and understand them correctly.

2.3 Misconceptions in understanding and reading the phylogenetic trees

The ability to understand and read phylogenetic trees became one of the important goals of biology
education (McCullough et al., 2020) as they help students understand not only the relationships among
living organisms but also the underlying principles of their origin and processes of evolution (Gregory,
2008; Schramm et al., 2019). Knowledge of relationships among taxa provides deeper insight into their
ecology and ethology (Felsenstein, 1985; Wiens, 2004) as well as the process of transmission of infectious
diseases and parasites among them (Ypma et al., 2013).
To achieve this understanding among students, it requires to introduce phylogenetic trees constructed

according to the cladistics whose design does not promote common misconceptions or rather historical
views on the process of evolution (Catley & Novick, 2008; Dvořáková & Schierová, 2019) such as ladder
thinking and inappropriate level of anthropocentrism.
One of the biggest challenges while teaching the topic of evolution is to shift students understanding

from the ladder to the tree thinking (Gregory, 2008). Ladder thinking represents an incorrect historical
concept that the development of organisms can be simply depicted by aligning them according to their
complexity (Zachos, 2016). Rooted in the concept of scala naturae, it shows evolution as a ladder from
the simple unicellular to the more advanced multicellular organisms, often crowned by mankind on the
top (Diogo et al., 2015).
Therefore, ladder thinking leads to the wrong assumption that the currently living organisms with the

less complex characteristics are ancestors of the more complex or derived ones (Meisel, 2010) or that they
are ‘less evolved’ (Kummer et al., 2016). One of the examples is a common misconception that humans
evolved from chimpanzees or that the current unicellular organisms represent the ancestral state of all
animals.
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Such visuals (resp. diagrams) are already known by Ernst Haeckel (Dayrat, 2003), but they are not
just historical, as they can be found even in current textbooks (Dančák & Sedlářová, 2011). Even modern
cladograms published in scientific journals can imply this no longer valid concept by the arrangement
of the organisms at the tips of the branches in left-right or top-down order (or reverse) according to
the species richness of presented higher taxa (Zachos, 2016). Scientists themselves then tend to describe
extant taxa wrongly as ancestral, while they only carry some ancestral traits (Zachos, 2016).
As the understanding of evolutionary mechanisms deepened, the scientific community shifted towards

the current concept of tree thinking. This concept has not been properly defined but revolves around the
idea that tree thinking is necessary to successfully extract information about relationships of organisms
from phylogenetic trees (Schramm et al., 2019; Scott & Baum, 2016). The tree thinking skills consist of
several main abilities as described by Novick and Catley (2016): understanding how phylogenetic trees
depict relations and identifying relatedness of visualized taxa, identifying shared characteristics inherited
from the most recent common ancestor (synapomorphies) and using these characteristics to reason about
relations, identifying in which order did the new characters arose during the process of evolution, and
understanding that rotation of the branches around their nodes does not change the relations of taxa as
well as addition or removal of the branches.
Contrary to the ladder thinking, tree thinking promotes the view that all currently living organisms

share common ancestors, and, no matter the complexity of their characteristics, they all share the ability to
maintain their existence in the current environment and successfully overcame a long time of development
that more or less shaped them to their current form (Zachos, 2016). Therefore, it implies that although
some extant organisms have more complex characteristics than others, they cannot be perceived as better
or higher, neither as having an ancestor-descendant relationship (Diogo et al., 2015; Kummer et al., 2016;
Zachos, 2016).
The same applies to mankind. Both scientists and teachers very often face the common idea of strong

anthropocentrism, which means positioning man on the top of all the living beings and understanding
nature only from the perspective of human life. Humans are often presented as one of the most complex
organisms on Earth, but it does not make them implicitly better or way more important than any
other organisms they share Earth with. Anthropocentrism is often blamed for various phenomena in
science education – as understanding microorganisms more as a cause of diseases than an important
part of the ecosystem helping to decompose and cycle the matter (Byrne et al., 2009) or belief that
cell death and ecosystem disturbance have always only negative implications (Coley & Tanner, 2012).
Effects of anthropocentric thinking are also often discussed in environmental education while reasoning
for environment protection (Cocks & Simpson, 2015; Kopnina, 2014).
In phylogenetic trees, anthropocentrism is emphasized by aligning the organisms according to their

complexity with humans placed in some privileged position (as on the top of the tree or the very right
side, as the trees tended to be read from left to right). This is mainly visible when the tree also promotes
the ladder thinking and its branches are also not equidistant from the root. Similarly, as in the case of
ladder thinking, trees can also end up looking anthropocentric if the taxa are aligned from the ones with
the oldest common ancestors to the youngest.
All of these problems can be easily fixed by rotation of branches in their nodes and making all the

branches tips with extant taxa equidistant from the root, so the reader focus more on the branching
pattern rather than the order of the taxa on the branches tips (Zachos, 2016).

3 Methods

To evaluate the amount and the characteristics of all phylogenetic trees and other evolutionary diagrams
in Czech science education, content analysis was carried out. It included Czech biology textbooks aimed
for educational levels ISCED 2 and 3 and textbooks recommended for ISCED 3 students’ final exams
(‘Maturitní zkouška’). To gain a historical perspective and reveal when the knowledge of systematics and
phylogenetic trees were first introduced in the textbooks, all textbooks that were published after the first
edition of Charles Darwin’s ‘On the Origin of Species’ (1859) were included.
Textbooks were divided into four groups according to the year of publishing: archaic (published from

1859 to 1917), historical (1918–1948), post-war (published from 1949 to 1989), and currently used (still
being available in stores and used by teachers, published after 1990 and later). Chosen periods represent
the main events in the development of the Czech educational system, which were the end of the Austrian
Empire after the 1848 revolutions, the establishment of the Czechoslovakia, socialist era, and the new
development after the Velvet Revolution (Čornejová et al., 2020).
If it was possible to access more than one edition of a single textbook, they were compared. In the

case of current textbooks (published after 1990), significant differences among various editions in content
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concerning the topic of systematics (i.e. taxonomy or phylogenetics) were only discussed. Therefore, only
the newest editions were used in the content analysis itself. In the case of the textbooks published before
1990, editions with such differences were included in content analysis and counted as two separate books.
Different editions of a single textbook that were compared but showed having the same content are cited
in Appendix 1 (part C).
All textbooks were subjected to the content analysis of topics of phylogenetics and taxonomy, i.e.

searched for any information about how are relations among organisms generally established and visu-
alised both in the term of the taxonomic groups or individual species relations. Found content was divided
into two categories: explanatory text and visuals (both text-based and diagram with pictures).
Explanatory text was either focused on the taxonomy (as the introduction of binomial nomenclature or

Linnean categorization that enables to group related organisms), or phylogenetics in general (explanation
of determination of organisms’ relationships and phylogenetic trees construction and reading).
Visual (or graphic) elements were subjected to both qualitative and quantitative content analysis.

All elements that were describing either taxonomic groups, their relationships, or development in time
were included. As textbooks often do not use the same formats of displaying taxa relations as scientific
literature does, there was a need to develop a specific categorization system. Therefore, Catley and
Novick’s (2008) categorization was adopted and partly altered. Four main categories of all textbooks’
graphic elements related to taxonomy and phylogenetics were established:

• taxonomic overview – plain list of taxonomic groups with assigned lower subphyla (as classes, orders,
families, etc.) without the depiction of their relations, unrooted, showing mainly polytomies

• linear depiction of evolution – organisms’ development viewed exclusively as a linear change from
one species to another, even though it should be portrayed as cladogenesis and not anagenesis (e.g.
famous illustration of ape gradually changing to modern human)

• phylogenetic tree – in this study, this term is narrowed to the diagram constructed according
to the basic cladistic principles, i.e.: representing relations among the depicted species without
implying ancestor-descendant relations (e. i. species placed only at the tips of the branches), extinct
taxa clearly differ from extant (labelled or their branches are visibly shorter), all extant taxa are
equidistant from the root (unless it is phylogram), not using polytomies (or only in cases where
taxa relations are not yet established); these phylogenetic trees were then divided according to their
visual form into three groups (see Fig. 3) according to Catley and Novick (2008):

– tree (rectangular) – branches create a clear levelled structure, could be both bifurcate at the
right angle (most common in professional biology journals) or with branches rounded in nodes

– ladder (diagonal) – branches are following one main diagonal line, branches can be rounded at
nods

– other types – branching structure does not show distinguished levels and no diagonal line is
present

Fig. 3: Illustrations of types of cladograms distinguished in this study, from left: A) – tree cladogram, B) –
ladder (diagonal) cladogram, C) – other

• other evolutionary diagrams – other established types of phylogenetic trees or any other evolutionary
diagrams showing either only development or both development and relations between taxa with
deviations from traditional cladistics (e.g. ‘ancestry’ taxa are placed in the middle of the branches,
extant taxa in different distance from the root, depicted as a bar chart, or non-Darwinistic trees
of life); these diagrams were further assigned to the several categories established in the scientific
literature as:

– Haeckel’s tree of life – rooted, length of branches varies and has no meaning, supporting ladder
thinking
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– chronogram – branches show relations of the taxa and their length represents time, contains
an additional timeline

– spindle diagram – showing an abundance of taxa during the time with or without their relations

– other – diagram bordering the characteristics of types above

Furthermore, several key characteristics of all phylogenetic trees and other evolutionary diagrams
found in currently used textbooks were recorded. These characteristics were chosen according to how the
diagrams:

• enable the reader to gain information about the introduced taxa, their relations, and their devel-
opment in time

• influence scientifically correct understanding of evolution (tree thinking)

• resemble the phylogenetic trees commonly used in the scientific literature

Therefore, these characteristics related to the phylogenetic trees and other evolutionary diagrams were
recorded:

• anthropocentric – humankind is explicitly placed in the privileged position among other organisms
(as on the very right side, on the top, in much bolder colours etc.)

• supporting ladder thinking – organisms are aligned at the tips of the branches according to their
complexity in left-right or top-down order or reverse

• polytomy – at least one clearly visible polytomy of the taxa, whose relations were already known
by the time of publishing the textbook

• time-respecting – all currently living organisms are equidistant from the root, extinct organisms
have visibly shorter branches

• rooted – visible root or marking of the last common ancestor

• right angles in the nodes – branches are connected always at the right angle

• time scale – additional time scale or time markings of important events in time

• hominids evolution – diagram contains the evolution of hominids (only or among other taxa)

• species illustrations – introduced taxa are represented by a picture of a certain specie

• coloured – diagram and the illustrations in it are colourful or only black and white

• instructions – any additional text instructions on how to understand and read the presented diagram,
these can be both in the textbook’s text or in the diagram’s caption (i.e. simplified principles of
cladistics and tree thinking), does not mean a description of taxa, branches division or a timeline
that is already presented in the diagram

Notably, flaws in relations among taxa (f.e. use of paraphyletic groups) were not recorded as this topic
itself is broad and would require a separate study.

4 Results

The analysis contained altogether 112 textbooks for ISCED 2 and 3 educational levels with different titles
or different content of searched topics, several of them were found in two or more editions (see Tab. 1,
whole list available in Appendix 1).

Tab. 1: Number of textbooks subjected to content analysis in all categories according to the year of publishing

Year of publishing
Educational archaic historical post-war current Sum per
level (1859–1917) (1918–1948) (1949–1989) (1990+) level
ISCED 2 3 12 7 39 61
ISCED 3 10 8 14 19 51
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4.1 Phylogenetics and taxonomy in the textbooks

Explanation of concepts of binominal nomenclature and Linnean categorization and even a short descrip-
tion of phylogenetics as a science were all found already in historical textbooks. In post-war textbooks,
description of binominal nomenclature and Linnean categorization were part of half of all the textbooks,
while at least simple information about how the relations of taxa are determined according to their
similarities was found in 38% of the cases.
In current textbooks, the introduction of taxonomy as a science, Linnean categorization of taxa and

binominal nomenclature were part of at least one textbook from each edition aimed for ISCED level 2
and half of all the textbooks for ISCED level 3.
Phylogenetics, on the other hand, was introduced only in two current textbooks for ISCED level 2 –

very shortly as a science focused on the development of species (Cílek et al., 2000; Pelikánová et al.,
2016). Three current ISCED 3 textbooks contained a simplified description of how the relations among
taxa are determined and how to understand the phylogenetic trees (Benešová et al., 2013; Kincl et al.,
2008; Šmarda, 2003). Two textbooks, containing a full chapter devoted to this topic, were also published
during the last decade (Flegr et al., 2017; Rosypal et al., 2003).

4.2 Types and amount of visual elements related to phylogenetics and taxonomy

The first published diagram showing relations among taxa was recorded in 1936 (Bartušek, 1936), but
any other evolutionary diagrams did not appear in any other textbook until 1945 (Řehák, 1945 and began
to be more abundant only later during the post-war era (Tab. 2).

Tab. 2: The number of textbooks containing any visual (graphic) elements related to taxonomy and
phylogenetics. Total number of textbooks in individual categories: archaic = 13, historical = 20, post-war= 21
and current= 58. The percentage was counted from the sum of the textbooks in every individual category

Type of searched visual element and number of textbooks containing it
Textbook Nothing Taxonomic Linear Evolutionary Phylogenetic tree
category overview depiction diagram tree ladder other
Archaic 6 7 0 0 0 0 0
percentage 46% 54% 0% 0% 0% 0% 0%
ISCED 2 2 1 0 0 0 0 0
ISCED 3 4 6 0 0 0 0 0
Historical 10 9 0 3 0 0 0
percentage 50% 45% 0% 15% 0% 0% 0%
ISCED 2 8 4 0 0 0 0 0
ISCED 3 2 5 0 3 0 0 0
Post-war 8 6 1 11 0 0 0
percentage 38% 29% 5% 52% 0% 0% 0%
ISCED 2 4 1 1 2 0 0 0
ISCED 3 4 5 0 9 0 0 0
Current 15 29 10 17 5 4 4
percentage 26% 50% 17% 29% 9% 7% 7%
ISCED 2 11 21 10 6 2 1 1
ISCED 3 5 8 0 11 3 3 3

Textbooks from the post-war era did contain various types of other evolutionary diagrams but no
phylogenetic trees. The most commonly used were Haeckel’s trees of life implying the principle of scala
naturae (N = 8), also five spindle diagrams and three chronograms were found, where two showed
phylogeny partly as a linear change of one species to another (Jílek et al., 1982; Poupa & Meisner, 1969).
Only in one case, evolution was showed exclusively linear (evolution of hominids in Fleischmann et al.,
1983).
A significant change in the amount and types of evolutionary diagrams between various editions of

a single book was found only once. In textbooks for 9th grade by SPN, the oldest edition contained
a spindle diagram while the newest one was free of all searched visual elements (Pauk et al., 1972, 1980).
In the current textbooks, phylogenetic trees and other evolutionary diagrams (both further referred

to as diagrams) were found in both ISCED 2 and 3 textbooks through their quality varied (see Fig. 5).
Altogether, ten phylogenetic trees of various type were found. Though Haeckel’s trees were not that
common type of other evolutionary diagrams anymore, they still appeared in six cases. There were
also eight spindle diagrams, but the most common were chronograms and other diagrams, which were
commonly cladograms that did not conformed to the definition of phylogenetic tree used in this study.
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4.3 Characteristics of diagrams

In the post-war textbooks, 80% of all diagrams (both phylogenetic trees and other evolutionary diagrams)
supported the idea of ladder thinking and showed unnecessary polytomies that were caused partly even
by the shape of branches and unclear nodes due to avoiding clear 90◦ angle design (Fig. 4).
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Percentage of diagrams (%)
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Fig. 4: Characteristics of all diagrams (both phylogenetic trees and other evolutionary diagrams, N = 18)
presented in post-war textbooks. As there were only two diagrams from two ISCED 2 textbooks, ISCED 2 and 3
textbooks are not divided

Diagrams presented in current textbooks often reinforced misconceptions (Fig. 5). 50% of ISCED 2 and
40% of ISCED 3 diagrams supported ladder thinking by aligning organisms at the branches’ tips according
to the complexity of their characteristics. Half of all diagrams also showed unnecessary polytomies.
More than 80% of diagrams in all current textbooks were rooted and more than 60% time-respecting

(extant taxa equidistant from the root). No distinction between currently living (extant) and extinct taxa
was more common in ISCED 3 textbooks. Only ten diagrams showed branches connected strictly at the
90◦ angle, all were presented in ISCED 3 textbooks. In 10 out of all 14 ISCED 2 textbooks diagrams,
branches were variously rounded at nodes, which made the precise points of the nodes less visible.
Any instructions on how to read the diagrams that would be placed right along the diagram itself were

presented only in three ISCED 2 textbooks namely from Prodos and Fortuna (Dančák, 2015; Dančák
& Sedlářová, 2011; Kvasničková et al., 2018) and four ISCED 3 textbooks (Benešová et al., 2013; Flegr et
al., 2017; Kvasničková, 2013; Šmarda, 2003). Still, these instructions were only very short and superficial.
More than 90% of ISCED 3 textbooks lacked any tasks enabling active use of the diagrams during the
lessons (Fig. 5).

ISCED 2 ISCED 3
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Fig. 5: Characteristics of all diagrams (phylogenetic trees and other evolutionary diagrams, N = 59) found in
the currently used textbooks (35 diagrams from ISCED 3 and 14 from ISCED 2 textbooks)
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4.4 ISCED 2 textbooks’ visual elements

In ISCED 2 textbooks, phylogenetic trees and other evolutionary diagrams were overall less abundant, but
in all cases either fully colourful or not entirely black and white (using colours combined with black and
white silhouettes of species). Except for one diagram, they all contained pictures of introduced species.
Unfortunately, part of the diagrams contained very clear flaws. Diagrams of hominids evolution from

three ISCED 2 textbooks partly showed evolution as a transformation of one species directly to the other
one (Cílek et al., 2000; Drozdová et al., 2016; Pelikánová et al., 2016). Similarly, the textbook for 8th

grade by Prodos partly supported this idea (Navrátil, 2016), which was caused by the attempt to show
both the species evolution as well as their expansion to the continents.
Diagrams of hominids evolution by Fraus and SPN textbooks for 8th grade (Černík et al., 2015;

Pelikánová et al., 2016) tended to be visibly anthropocentric (species sorting implies that the complexity
grows from left to right). Though, the most visibly anthropocentric diagram was in the textbook for 9th

grade by Scientia, where humankind was placed in a very privileged position among other organisms and
even distinguished by colour (Cílek et al., 2000).
This Haeckel-like tree diagram (Cílek et al., 2000) was also an example that evolutionary diagrams

from ISCED 2 textbooks sometimes even lacked most information they could have shown (even relations
among the taxa themselves). Similarly, as another tree diagram used in Prodos textbook for 6th grade
(Dančák & Sedlářová, 2011), they gave only the information about the diversity of living organisms while
also implying the scientifically wrong principle of scala naturae. Notably, the same types of diagrams
were also included in the older textbooks edition by Prodos (Jurčák & Froněk, 2004).
ISCED 2 textbooks often used the taxonomic overviews that served as a depiction of the diversity of

organisms. Notably, textbooks for 6th and 7th grade by Taktik (Petrová et al., 2017; Žídková & Knůrová,
2017) and Nová škola (Hedbávná et al., 2017) contained big overviews accompanied by colourful pictures
that served as a good reminder of the organisms’ diversity and the taxa that were introduced in the
textbooks. Textbooks by Fraus for 7th and 8th grade (Pelikánová et al., 2015, 2016) used similar smaller
overviews at the beginning of the new topics accompanied by silhouettes or photos of species. On the
other hand, various textbooks (Dobroruka et al., 2010; Kvasničková et al., 2019, 2020; Maleninský et al.,
2004) used big taxonomic overviews as supplementary material at the end of their textbooks in form of
a plain list of taxa, not accompanied by any pictures.
There were various good examples of the use of evolutionary diagrams. Although there were certain

violations of cladistics, diagrams of hominids evolution in the textbook for 8th grade by Fraus (Pelikánová
et al., 2016) were easy to read and helped to visualise the evolution. They contained pictures of both living
and extinct species, showed additional information (timeline), and were even accompanied by simple tasks
that enabled students to work with the diagrams (as “describe the evolution” and “name ancestors of
humankind”). Looking at the older edition of the same book, it was visible that Fraus also updated and
improved the diagram of hominids evolution (Vaněčková et al., 2006).
Another example was textbooks by Prodos that proved that even linear depictions of evolution imply-

ing the generally wrong ideas about the speciation process can be used in the right way. In the textbook
for 8th grade, a famous picture of an ape evolving in a linear row into the human was used but with
the caption ‘gradual straightening of the figure during the evolution of the hominids’ (Navrátil, 2016).
This caption completely changed the meaning of the picture, therefore, it was not even categorized as
linear depiction. Still, this type of picture without caption or directly implying the linear evolution in
its description was used in several other ISCED 2 textbooks (Matyášek, 2019; Matyášek & Hrubý, 2019;
Žídková & Knůrová, 2018).

4.5 ISCED 3 textbooks’ visual elements

Phylogenetic trees and other evolutionary diagrams were overall more abundant in textbooks aimed for
ISCED 3 level. The mean for ISCED level 3 was 1.8 diagram per book, while for ISCED level 2 it was
only 0.4 diagram per book. However, according to the principles of cladistics, the quality of diagrams in
ISCED 3 textbooks varied even more.
ISCED 3 textbooks contained various spindle diagrams (N = 4), chronograms (N = 12), as well as

uninformative Haeckel’s trees of life (N = 4) implying the idea of ladder thinking. Mainly textbooks by
Fortuna (Kincl et al., 2008; Smrž et al., 2004; Šmarda, 2003) and Olomouc (Jelínek & Zicháček, 2007)
introduced examples of phylogenetic trees resembling even the ones from professional biology journals
(build clearly as tree or ladder cladograms with branches equidistant from the root).
Diagrams were proportionally less anthropocentric, though they still often supported ladder thinking

as they tended to align organisms in left-right or top-down order from visually simpler to more complex
(Smrž et al. 2004; Šmarda, 2003). The most unusual diagrams were introduced in ‘Biologie v kostce’
(Hančová & Vlková, 2017) – though they were rooted, showing branching pattern, and claimed to be
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depictions of phylogeny, they violated several cladistics principles, contained unnecessary polytomies,
and no pictures of species, which made them look more as confusing taxonomic overviews.
As ISCED 3 textbooks were often only black and white (or contains only coloured attachments with

photographs), diagrams were less visually interesting and only one quarter of them contained any colours.
Only fifth of them was accompanied by schematic pictures of species.

5 Discussion and implications in practise

The first phylogenetic tree was introduced already in 1859 in Darwin’s ‘Origin of species’ (Darwin,
1859, but it took a long time until evolutionary diagrams of any kind made their way into the Czech
textbooks. With one exception of the evolutionary diagram (Bartušek, 1936), textbooks published before
1945 included only taxonomic overviews. During the post-war era, the abundance of evolutionary diagrams
grew, but there were still no modern phylogenetic trees (cladograms or phylograms). Nevertheless, as
modern phylogenetics is a young branch of biology sciences, it is no surprise that textbooks published
before 1989 contained only a few evolutionary diagrams.
Although half of all currently used textbooks introduce bigger taxonomic overviews and all editions

of ISCED 2 textbooks already introduce taxonomy and artificial taxa categorization, phylogenetics is in
any form rather scarce to find. Biology education in the Czech Republic mostly uses the morphological-
taxonomic approach while ordering topics in the school curriculum (Hlaváčová, 2017). The ability to
assign organisms to their higher taxa is also demanded by the current national curriculum (NÚV, 2021).
On the other hand, depictions of the relations among the taxa are not commonly used, mainly at ISCED
level 2. An older study showed that schemes represent on average only about 16% of all graphic elements
in ISCED 2 biology textbooks (Hrabí, 2006). It reflects the low abundance of phylogenetic trees as three-
quarters of all ISCED 2 textbooks did not contain any diagram depicting evolution and relations among
taxa.
If such diagrams were present in ISCED 2 and 3 textbooks, the majority of them did not conform to

the modern cladistics or tended to variously support misconceptions about evolution and phylogenetics as
a ladder or anthropocentric thinking. These problems were also recorded in textbooks used in USA (Catley
& Novick, 2008). In some cases, diagrams also implied the process of evolution partly as a linear change
from one species to the other or explicit linear depictions of evolution were present. This was already found
in a previous study on the humankind evolution in the Czech textbooks (Dvořáková & Absolonová, 2017).
Such graphic elements can negatively influence students’ understanding of human evolution implying it
as a gradual change from ape to human (Dvořáková & Schierová, 2019).
Some diagrams even lacked most information about the taxa relations given by continuous use of

Haeckel’s trees of life (Cílek et al., 2000; Dančák & Sedlářová, 2011; Jelínek & Zicháček, 2007). Even
though the captions of these diagrams pursued the intention to show mainly the diversity of living
organisms, the same can be easily visualised in a big taxonomic overview accompanied by pictures of the
introduced species. Similarly, spindle diagrams showed the abundance of taxa during the time but did
not always clearly depicted their relations (Cílek et al., 2000; Smrž et al., 2004). Flaws in the diagrams’
construction were sometimes even visibly caused by graphic designers trying to fit the picture on the page,
as when the names of extant taxa were placed at the roots of branches and not at their tips (Kvasničková,
2018), or when the distinction of extinct and surviving taxa was unclear from the branches length though
the extinct taxa were labelled with crosses (Jelínek & Zicháček, 2007; Kočárek, 2010).
Similarly as in the USA textbooks (Catley & Novick, 2008), phylogenetic trees and other evolutionary

diagrams were mostly superficially described and lacking instructions on how to read and use them in
lessons. Most of the diagrams in ISCED 3 textbooks contained only short captions describing them as
the depictions of evolution or relations among showed taxa with no more information. Textbooks for
both ISCED level 2 and 3 mostly did not explain how to read these diagrams or only simply described
content of a diagram (as higher taxa names, time of their origin, the way lineages divided) though it was
already proven that phylogenetic trees are not self-explanatory diagrams and without any guidance and
instructions they are interpreted wrong by students (Novick et al., 2012).
Around 40% of ISCED 2 textbooks did not contain ideas for tasks enabling students to work with

the presented diagrams actively in the lessons and most ISCED 3 textbooks did not introduce any such
tasks. Notably, even textbooks for ISCED level 3 devoting whole chapters or longer parts of the text
only to the cladistics principles and phylogenetics itself (Flegr et al., 2017; Kincl et al., 2008; Rosypal et
al., 2003) showed only very few examples of cladograms on which students can apply their newly gained
knowledge. Two ISCED 3 textbooks (Jelínek & Zicháček, 2007; Smrž et al., 2004) also introduced the
diagonal format of trees (ladder trees) that are not recommended to use as students find them much more
difficult to understand than rectangular (tree) format (Novick et al., 2014).
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To conclude, the main problem of the evolutionary diagrams and particularly phylogenetic trees used
in secondary textbooks is not just the reinforcement of misconceptions but also unfulfilled educational
potential.
As many researchers showed, phylogenetics itself is hard for students to comprehend even at the

university level (Dees et al., citemach13; Halverson et al., 2011; Kummer et al., 2016; Phillips et al.,
2012). Therefore, ISCED 2 and 3 students cannot be expected to perform better. However, introducing
outcomes of phylogenetics as a science at the secondary level should not be used to learn students how
to construct the phylogenetic trees or understand detailed principles of molecular phylogenetic methods,
but to comprehend the basic skills of reading such diagrams and acknowledging the message behind the
very basic phylogenetic principles.
The aim of secondary science education is mainly to gain basic environmental and science literacy,

therefore, phylogenetic trees should be used to facilitate students understanding of the evolution process
and the position of humankind among other organisms (Sandvik, 2008). It had also been shown among
university students that reading the trees is a much more comprehensible task than their construction
(Halverson, 2011).
Phylogenetic trees are not just one of the main outcomes of modern science serving very valuable

information, but they also facilitate active learning and help to battle both ladder thinking and miscon-
ception of linear evolution, which is still commonly used in illustrations in the popular culture and media
as well as in many ISCED 2 textbooks as this study showed. Therefore, biology textbooks for higher
grades of ISCED 2 and textbooks for all grades of ISCED 3 should introduce at least one phylogenetic
tree as the most basic depictions of taxa relations rather than the explanation of uninformative and
artificial Linnean categorization (as definitions of family, order, class etc.) (Sandvik, 2008).
On the other hand, phylogenetic trees used in the textbooks should respect students’ cognitive devel-

opment. As they mostly did not meet with phylogenetic trees before, they do not know how to read and
deeply understand this specific type of diagram. This stresses the need to accompany all such diagrams
with instructions on how to read them (Novick et al., 2012). Even very young kids (age 7–11) were able to
understand phylogenetic trees much better given only short instructions (Ainsworth & Saffer, 2013) and
the same has been shown among university students (Phillips et al., 2012). As lectures strictly focused on
phylogenetics are not obligatory at Czech faculties of education (as at the Charles University, the South
Bohemian University, and the Masaryk University), these instructions will not serve just for students,
but in many cases probably also for the teachers, which makes them even more important.
Authors of textbooks should always follow the basic cladistics principles during the construction of

the used trees. At least some of these principles should be also described in the diagram’s caption or the
text, so students can navigate themselves how to read the presented tree correctly. This means statements
like: all living organisms are at the tips of branches (in one line), branches can be turned at their nodes
without changing the meaning (therefore, the species’ order at the tips of the branches do not describe
the species’ complexity), lines and nodes of the branches do not represent extinct species but common
ancestors, and so on.
As they tend to be very abstract, phylogenetic trees in the textbooks should be also more explicit

than their counterparts in scientific journals and made easy to read using pictures of depicted species
and preferably also clear timescale along with the right colour palette (for example to distinguish time
periods or taxa). Rectangular trees should be also preferred over diagonal format (Novick et al., 2014).
Although the branches connections do not have to be strictly at the right angle if it does not lead to the
creation of artificial polytomies due to the poor visual differentiation of the nodes.
However, oversimplification of phylogenetic trees can result in nearly abstract pictures with no useful

information (as Haeckel’s trees of life). These can confuse the students and lead to the wrong understand-
ing of taxa relations or origin (Sandvik, 2008), so they should not be used at all. In case the authors do
not want to incorporate any phylogenetic trees, a much better option is to use a big taxonomic overview
of taxa introduced in the book that will be accompanied by pictures of the most common or known
species (see Fig. 6).
As supporting visualisations, phylogenetic trees can be great tools in hands of educators as a base for

various problem tasks that enable active learning. For example, students can compare the morphology
of related taxa to show examples of convergence and divergence during evolution, they can reconstruct
the richness of human ancestors living at the same time on certain places on Earth, or reason which
characteristics allows currently living taxa to survive. They can also answer some of the most popular
biology questions like “Are we apes, or did we evolve from them?” or “Was it an egg or a hen that
came first?” and many more. Such tasks can help students to deeper their understanding of many basic
principles of science and should be more often embedded in science textbooks. There are already many
other ideas for activities (Davenport et al., 2015; Gibson & Cooper, 2017; McCullough et al., 2020) and
whole educational models developed that can serve as an inspiration for teachers in practice both at
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Fig. 6: Difference between evolutionary diagram promoting misconceptions and diagram made according to the
basics of cladistics. On the left (A), there is a nearly abstract evolutionary diagram in a form of Haeckel’s tree of
life presenting some poly- or paraphyletic taxa. On the right (B), there is a modern colourful chronogram
accompanied by pictures. In the left diagram (A), neither the thickness of branches nor their length has any
meaning as well as their pattern. The diagram also implies ladder and anthropocentric thinking. In the diagram
on the right (B), the branching pattern is clear, length of branches roughly represents time, and the diagram
supports the tree thinking. (Used pictures made by the author.)

secondary and even at the university level (Eddy et al., 2013; Kong et al., 2017; Koupilová, 2020). Such
activities can be also a very beneficial part of biology teachers’ education. They can enable future teachers
to gain a deeper understanding of the topic as well as adopt effective tools to help their own students in
the future.
Many teachers complained to me that due to the recent growth of modern molecular methods phy-

logeny of organisms often changes, implying that textbooks will get outdated quickly after publishing.
However, recent changes in the phylogeny of organisms did not affect most of those introduced in sec-
ondary textbooks neither their categorization, which is at the end only artificial (Sandvik, 2008). Also,
outdated taxonomy seems to be a much bigger problem than phylogeny. Many textbooks used in this
study still introduce such historical paraphyletic taxa as protozoans (Černík et al., 2007; Musilová et al.,
2018; Pelikánová et al., 2014; Vieweghová, 2019) and even the new editions of the same textbooks did
not update this. Nevertheless, many various problems of outdated taxonomy and phylogeny in secondary
textbooks are not the aim of this paper and will require a whole separate study itself.
As there are no exact records of all the Czech textbooks ever published and used in schools, this study

does not have to include all of them. Therefore, the proportions of textbooks introducing phylogenetic
trees and other evolutionary diagrams does not have to be definite but should represent at least the
majority of textbooks, as various physical and digital archives were combined during the search.

6 Conclusion

Although the first diagram depicting relations between taxa was introduced in the Czech textbook in
1936, evolutionary diagrams became more abundant only later during the second half of the 20th century
and they were mostly supporting ladder thinking.
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While taxonomy and binomial nomenclature are common parts of the biology curriculum and current
textbooks at both ISCED 2 and 3 educational levels, relations between presented taxa are still introduced
scarcely in current secondary school textbooks.
Current textbooks for both ISCED level 2 and 3 still mostly present various evolutionary diagrams

rather than modern phylogenetic trees and some of them do not even contain nearly any valuable infor-
mation and many promote wrong understanding of principles of both evolution and phylogenetics.
On the other hand, correctly built phylogenetic trees can serve as a way how to effectively visualise

organismal diversity and evolution and support general science literacy as well as students’ active learning.
Therefore, ISCED 2 level textbooks should be accompanied with either big taxonomic overviews of

the main taxa presented in the textbook or a simplified phylogenetic tree accompanied by guidance on
how to read this type of diagram, problem tasks enabling its active use during the lessons, and preferably
also pictures of species and timescale for better visualisation. The same goes for the ISCED 3 textbooks,
where the use of various correctly build and described phylogenetic trees should be a standard.
The results of this study should not be understood the way that detailed cladistic principles and

molecular phylogenetics have to be a part of secondary education, but the main outcomes of phylogenetics
should be used to help students visualise and understand the basic biology concepts and natural processes
as evolution that are part of the common science curriculum and also to prevent the rise of misconceptions
about these concepts and processes.
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