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Students'“teleological misconceptions” i
in evolution education: why the underlying
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Abstract

Teleology, explaining the existence of a feature on the basis of what it does, is usually considered as an obstacle or
misconception in evolution education. Researchers often use the adjective “teleological”to refer to students’ miscon-
ceptions about purpose and design in nature. However, this can be misleading. In this essay, | explain that teleology

is an inherent feature of explanations based on natural selection and that, therefore, teleological explanations are

not inherently wrong. The problem we might rather address in evolution education is not teleology per se but the
underlying "design stance” With this | do not refer to creationism/intelligent design, and to the inference to a creator
from the observation of the apparent design in nature (often described as the argument from design). Rather, the
design stance refers to the intuitive perception of design in nature in the first place, which seems to be prevalent and
independent from religiosity in young ages. What matters in evolution education is not whether an explanation is
teleological but rather the underlying consequence etiology: whether a trait whose presence is explained in teleo-
logical terms exists because of its selection for its positive consequences for its bearers, or because it was intentionally
designed, or simply needed, for this purpose. In the former case, the respective teleological explanation is scientifically
legitimate, whereas in the latter case it is not. What then should be investigated in evolution education is not whether
students provide teleological explanations, but which consequence etiologies these explanations rely upon. Address-

etiology, Functions, Natural selection, Design

ing the design stance underlying students'teleological explanations could be a main aim of evolution education.
Keywords: Teleology, Evolution education, Selection teleology, Design teleology, Design stance, Consequence

“Why?"” questions

Let us begin with a simple question: “Why do we have a
heart?” If you ask students, but also scientists, this ques-
tion, a likely answer to receive is: “In order to pump
blood” We usually ask “Why?” questions in our attempt
to explain a phenomenon, in other words in order to
identify its causes. However, does the phrase “In order
to pump blood” causally explain the fact that we have a
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heart? This is a conceptually tricky issue that teachers
and educators need to approach thoughtfully in order to
make students understand the issues at stake. Let this be
our guiding question in exploring what teleology is. The
question I therefore intend to answer in this essay is the
following: Is the explanation “We have a heart in order to
pump blood” a scientifically legitimate one for the pres-
ence of a heart?

Generally speaking a “Why?” question can be answered
with reference to three kinds of causes (based on Mayr
1961; Ariew 2003): ultimate causes, proximate causes,
and final causes. Ultimate causes are to be found in the
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Table 1 The main types of causal explanations and their features

“Why?” question Causal explanation Temporal dimension

Level of reference Causes Type of causal
explanation

“Why do we have a Because there was Backward-looking
heart?” selection for this
organ that thus
became prevalent in
our ancestors

Because the cellsin Backward-looking
that area of the body
of the individual
were differentiated to
become heart muscle

In order to pump blood  Forward-looking

Population Ultimate causes (evolu- Evolutionary explanation
tion)

Individual Proximate causes Developmental explana-
(development) tion

Population or indi- Final causes (function)  Teleological explanation
vidual

distant past and relate to the evolution of a species. Thus,
an explanation based on ultimate causes answering the
question “Why do we have a heart?” could be “Because
this organ provided an advantage to its bearers and there
was selection for it, which resulted in this organ becom-
ing prevalent in our ancestors”. This is an explanation of
the fact that we have hearts as the outcome of a selec-
tive advantage of this organ for our ancestors. Proximate
causes are to be found in the recent past and relate to
the development of individuals within a species. Thus,
an explanation based on proximate causes answering the
question “Why do we have a heart?” could be “Because
the cells in that area of the body of the individual were
differentiated to become heart muscle” This is an expla-
nation of the fact that we have a heart as the outcome of
a developmental process that resulted in the formation
of this organ in one’s body. Both explanations based on
ultimate and proximate causes are backward-looking,
and refer to evolutionary and developmental causes and
processes, respectively. Therefore, there exist both evolu-
tionary and developmental explanations for the existence
of hearts.

However, there is a third type of causal explanation that
is based on final causes and that is forward-looking, as
it refers to a specific contribution that this organ makes.
Given that a function can be defined as an effect that
makes a specific contribution, and that pumping blood
is a contribution that the heart makes to our body, we
can consider pumping blood as the function of the heart.
Therefore, the question “Why do we have a heart?” can
also be given the answer “In order to pump blood” This
is a teleological explanation for the existence of the heart;
according to this, the heart exists for performing a func-
tion, which can be considered as a final cause because
it is the reason for which the heart exists. This kind of
teleological explanations has been found to be preva-
lent among students of all ages (see e.g. Kelemen 2012).

Table 1 summarizes the features of the causal explana-
tions for the existence of a heart.

Many science educators, myself included (see e.g. Kam-
pourakis and Zogza 2008, 2009), have used the adjective
“teleological” to describe students’ misconceptions. How-
ever, this can be misleading. To understand why, we need
to look at the nature of teleological explanations in some
detail. Students usually describe the function of an organ
or another part of the body by providing a teleological
explanation for its existence. For instance, if a student
states that eagles have wings in order to fly, this is a tele-
ological explanation for the existence of wings that relies
on the function that the wings perform (in this case,
the effect of their movement that contributes to flight).
Whether or not the parts of organisms perform functions
is a question that has been debated among philosophers
of biology, but in this essay I side with those who have
argued that they do (e.g. van Hateren 2017, Weber 2017).
Of course, not all of our body parts have functions; but
some do perform functions that are important for the
respective organism. The question then becomes: is the
reference to the function of the heart a sufficient ground-
ing for explaining its existence? In this essay, I argue that
the problem in biology education is not the use of tele-
ological/functional explanations; rather, the problem lies
in the underlying etiology that relates to how these func-
tions came to be. The issue here is that the teleological
explanation that we have a heart in order to pump blood
can actually be a scientifically legitimate explanation for
the presence of the heart. Let us now see why.

The nature of teleological explanations

In general, teleological explanations are those in which a
phenomenon is explained in terms of a final end (telos)
to which it contributes. Teleological explanations are
characterized by expressions such as “.. in order to ...,
“.. for the sake of..”; “.. so that .. etc., and they go back
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to the philosophies of Plato and Aristotle, even though
the term was coined in 1728 by the philosopher Chris-
tian Wolff (Lennox 1992; Ariew 2007; Walsh 2008). In
Timaeus, Plato considered the universe as the artifact of
a Divine Craftsman, the Demiurge. He considered the
universe as a logical, living entity possessing a soul that
was the primary cause of any transformation. This soul
controlled everything through the final causes that deter-
mined every action in which it was involved, thus impos-
ing control on any chance events (Ka\¢pag 1995, pp
85-90). For Plato, the final cause of the creation of the
universe was the transfusion of the soul of the Demiurge
into his artifact, which could be achieved by the impo-
sition of order over disorder (Ka\¢pag 1995, pp 69-70).
This process had to take into account the actions of Need,
the mythical equivalent of the properties of the structure
of matter, which seemed to impose constraints to the
work of the Demiurge. Plato thus recognized two types
of causes: the divine (final) and the necessary (mecha-
nistic), and thought that they were interdependent and
not in conflict (KédApag 1995, p 283). Consequently, the
universe was an artifact that resulted from the purposeful
and rational action of the Demiurge who had dominated
over the irrational Need (KdA¢pag 1995, p 92). This idea
eventually perceives the world as “unnatural’, as it is not
the product of natural processes but of a wise craftsman
(Lennox 2001, p 281).

Aristotle was a student of Plato who, contrary to
his teacher, attempted to find natural causes within
the organisms, rather than beyond them. He thought
that there were four causes acting in nature and that
knowledge could be gained through their understand-
ing. These causes were the Efficient cause, the Material
cause or matter, the Formal cause or form and the Final
cause; Aristotle considered all four of them as necessary
for explanations (Kd&igpag 1999, pp 116-117). Matter
referred not only to the material a body was made of, but
also to any circumstance required to make this happen;
whereas Form referred to the internal structure and not
only to shape of the body (KéA¢pag 1999, p 201). Aristotle
thought that final causes served the maintenance of the
organism. In other words, the final cause for the existence
of an organ would be its usefulness to the organism that
possessed it. Contrary to Plato, who assumed intentional
design, Aristotle thought that organisms acquired some
features simply because they were functionally useful
to their life (Lennox 1992, 2001). For Aristotle the tele-
ological approach was the main approach to understand-
ing biological phenomena. In many cases this approach
actually helped him identify functions that would not
have been noticed in a solely descriptive approach. Aris-
totelian teleological explanations are therefore “natural”:
whatever is explained in teleological terms exists because
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it has positive consequences for its possessor, without
any intention or design.

To summarize: On the one hand, teleological expla-
nations can be based on intentional design, that is, one
can state that a feature exists because it was intention-
ally created for a purpose. On the other hand, teleologi-
cal explanations can be based on functionality, that is,
one can state that a feature exists in order to perform a
function that is useful for the whole to which this fea-
ture is belongs. Design-based explanations are legiti-
mate for artifacts, which are designed and created for an
intended use. However, they are scientifically illegitimate
for organisms because there is evidence that they are not
designed as they contain many useless or malfunctioning
features. In contrast, function-based teleological explana-
tions are scientifically legitimate for organisms because
our organs and several (but not all) body parts do per-
form functions that are useful to the organisms that
possess them. Therefore, the first point to note is that tel-
eology that relates to function is legitimate in biology.

Let us now consider functional explanations. The
explanation for the presence of an organ on the basis of
the consequences of its existence, which is its function,
is described as a consequence etiological approach to
function, or etiological analysis, as it is based on pro-
cesses that presuppose consequence etiologies. This is
a historical view of functions, according to which a fea-
ture exists because of the consequences that it has, or
simply put because of what it does. In other words, if
we say that the function of X is F, this means that X is
there because it does F and that F is a consequence (or
result) of X’s being there (Wright 1973). This view has
been contrasted to an ahistorical view described as func-
tional analysis (Cummins 1975). In particular, it has been
argued that to explain the existence of a trait in terms of
its function provides an inadequate view of the evolu-
tionary process (Cummins 2002). According to this view,
biological traits exist not because of their functions but
because of their developmental histories. Whether or not
a trait has a function and what that function happens to
be is independent of whether the trait was selected for
it. To explain selection, one must look not at the func-
tion of a trait but on how well the several varieties of a
trait are functioning, because selection presupposes the
existence of such variation. Such explanations “either run
into the fact, fatal to classical teleology, that the crucial
details of evolutionary (or ontogenic) development pre-
date anything with the function that is supposed to do
the explaining, or they founder on the fact that compet-
ing traits in selection scenarios typically have the same
function. Things don’t evolve because of their functions
any more than they develop because of their functions”
(Cummins 2002, p 169).
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More recently, philosophers have suggested that these
two views should be integrated with each other. On the
one hand functional analysis focuses on the identification
of current causal contributions of traits in complex physi-
ological and other processes. On the other hand, etiologi-
cal analysis focuses on the origin of functions through
selective processes, with functions making causal con-
tributions as a result of older selection pressures. Func-
tional analysis on its own can be quite liberal as it might
explain any complex system as performing a function e.g.
that a function of a particular arrangement of rocks is
to contribute to the widening of a river delta or that the
function of particular mutations is to promote the forma-
tion of tumors. At the same time, the etiological analysis
may not be always applicable as there are traits that per-
form functions even though they have not been selected
for these functions. However, when this is the case the
etiological analysis can provide useful information for the
origin of a trait, which cannot be obtained through func-
tional analysis (see Kitcher 1993; but also Godfrey-Smith
1993).

To summarize: On the one hand, functions can be his-
torical, that is, something that performs a function can
be said to exist because of the benefits that this function
confers to its bearers, and as a result it has been favored
by selection because of this. On the other hand, func-
tions can be ahistorical, that is, something that performs
a function cannot be said to exist because of the benefits
that this function confers to its bearers, as it does not
have to have been favored by selection because of this. It
is indeed the case that some functions exist because the
respective features have been and/or currently are being
favored by selection; but it is also the case that some fea-
tures may perform genuine functions without any kind
of selection going on. The second point I want to make
is that function-based teleology is meaningful only if it
is historical, in other words if we assume a selection his-
tory behind it. In other word, only if a feature has been
selected for the function it performs, can it be said to
exist in order to perform that.

A last point to consider is the difference between func-
tional explanations for organisms and functional explana-
tions for artifacts. Given that artifacts are designed with
an intended effect or use in mind, we can state that an
artifact has a specific function only if an agent has had
the intention for the particular artifact to perform this
function. In other words, the function of an artifact is
whatever effect its maker intended it to have. This can be
described with the following proposition: The function
of artifact A is F if an agent X intended A to perform F.
When it comes to organisms, however, there is no agent
to whom an intention for an organ to perform a function
can be ascribed. But there is a sense in which an agent X
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can select an artifact A in order to perform a function F.
In a similar sense, a trait T can be selected for performing
an effect—which can be considered to be its function if
this effect contributes to the survival and reproduction of
its bearers. This can be described as the selected effects
account of biological function and the respective propo-
sition can take the following form: The function of trait T
is F if it has been (naturally) selected to perform F. Both
of these accounts are etiological because in both cases
the function is based on the artifact’s and the trait’s his-
tory (based on Lewens 2004, pp 89-91).

Considering all the above, we can distinguish between
two types of teleological explanations. On the one hand,
there exist teleological explanations that are based on
design. In this case, something exists because of its con-
sequences that contribute to the fulfillment of an agent’s
intention, external to the organism, to achieve a goal.
Thus, intentional design is assumed. In other words, the
cause of the existence of a particular feature is the exter-
nal agent’s intention to fulfil this goal. To illustrate this,
imagine trying to explain why a population of beetles
living in a mostly brown habitat all have brown color,
even though the initial population some generations ago
consisted of both green and brown beetles. An explana-
tion based on design might state that an external agent
(Nature, God, or whatever) had the intention to preserve
this population of beetles and so caused mutations that
made them change from green to brown, in order for
them to be able to conceal themselves and avoid preda-
tions from birds. This kind of teleology can be described
as design teleology. In this case, “design” refers to the
intention of an external agent. There is also another ver-
sion of design teleology, in which the intention is internal,
in the sense that it refers to the intention of the organ-
isms themselves to fulfill their needs. So, design teleology
can be either intention-based (depending on the inten-
tions of an external agent, or simply external) or need-
based (depending on the needs of the organism itself, or
simply internal).

On the other hand, there exist teleological explanations
that are based on natural processes. In this case, some-
thing exists because of its consequences that contribute
to the well-being of its possessor, without any assumption
of intentional design. In the beetle example, the explana-
tion would therefore be that from the initial population
of brown and green beetles, it was only some brown ones
that survived and reproduced because the green ones
were gradually eliminated due to predation by birds. In
other words, the cause of the existence of the brown color
is the advantage it conferred to its bearers. There was
selection for brown color, because it conferred a survival
advantage to its bearers and this is why it can be now
considered to exist for this purpose. However, this is a
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Table 2 The main features of design and selection teleology
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Types of teleology Consequence etiology

Assumption of design Examples

Design teleology (external)  Something exists because of its conse-
quences that contribute to the fulfillment
of an external agent’s intention to achieve

a goal

Design teleology (internal)  Something exists because of its conse-
quences that fulfill the intentions/needs of

its possessor

Selection teleology Something exists because of its conse-
quences that contribute to the well-being
of its possessor, and is thus favored by

natural selection

Green beetles mutated to become brown in
order to conceal themselves, thus fulfilling
the intention of an external agent (such as
Nature, or God)

Green beetles mutated to become brown in
order to conceal themselves, thus fulfilling
their intentions/needs

Yes (it is explicit as there is
reference to the intentions
of an external agent)

Yes (it is implicit as there is
reference to the inten-
tions/needs of the organ-
ism itself)

No Brown beetles had a concealment advan-
tage compared to green beetles, which
eventually died out due to predation, and
thus only brown beetles survived and

reproduced

purpose fulfilled through a natural selection process. This
kind of teleology can be described as selection teleology
(Lennox and Kampourakis 2013; see also Lombrozo and
Carey 2006). Let us consider this in some more detail.
The description of the selection for brown color can be
rewritten as follows (see Lennox 1993; Lennox and Kam-
pourakis 2013):

Brown color is present in the population of beetles
living in the brown environment.

Brown color provides concealment to its bearers in
the brown environment.

Concealment is advantageous as brown beetles
avoid predators.

Therefore, brown color would be selectively favored
in the population of beetles.

Therefore, concealment is the cause of the presence
of brown color in the population of beetles.

This can also take the following more general form

Trait V (brown color) is present in population P (bee-
tles).

Trait V (brown color) has effect E (concealment).
Effect E (concealment) is advantageous (avoid pred-
ators) to its bearers in population P.

Therefore, trait V (brown color) in population P
would be selectively favored.

Therefore, effect E (concealment) is the cause of trait
V’s (brown color) presence in population P.

Because the effect E is the cause of trait V’s presence
in population P, we can legitimately state that V exists in
order to do E. This is a robust form of teleology. The main
features of the three kinds of teleology are summarized in
Table 2.

A note of caution is necessary here. Teleological expla-
nations based on functions are legitimate when they are
causally justified. In other words, functions can be legiti-
mately used in explanations only when they were also
causes of whatever is being explained. For instance, in
explaining how a population of green and brown bee-
tles evolved to a population of brown beetles that are
well-concealed in the brown environment in which they
live, we can mention both the genes related to the brown
color and predation of the less well concealed individu-
als as causal factors. But which of the two causal factors
is the cause that made the difference? One way to decide
is to see which one is likely to be useful in prediction by
making a difference in future cases. In this case, it is the
function of brown color in concealment that can have
a predictive value and be expected to make a difference
in future cases. This entails that functional-teleological
explanations should be restricted to those cases where
the function not only had a causal influence, but did so
through a causal process that conforms to a predictable
pattern (see Lombrozo 2006; Lombrozo and Carey 2006).

Even though it is true that not all functions are the
outcome of selection, for the purposes of evolution edu-
cation it might be useful to assume that this is the case,
rather than leave students intuitively attribute func-
tions to design. In other words, I argue that in order to
refrain from having students intuitively use design tel-
eology in their explanations, it is preferable to apply the
historical—etiological view of functions and promote the
use of selection teleology instead. This does not entail
an ultra-adaptationist view that natural selection can
explain everything; it cannot, because other natural pro-
cesses such as drift are also important. Rather, the point
here is that—for educational purposes—selection-based
explanations could be presented as more likely and more
legitimate than design-based explanations. Of course,
empirical research is required in order to conclude
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whether students can indeed understand the difference
between e.g. design and selection teleology, and whether
they can learn to construct selection-based teleological
explanations.

From all the above, we can reach a main conclusion.
Explanations based on natural selection are causal,
because they rely on causes that relate to past events, and
they exhibit a robust form of teleology where something
exists because it was selected to do what it does, and so
can be said to exist for doing it. Therefore, the teleologi-
cal explanations that students give can be legitimate sci-
entifically. If students state that we have a heart in order
to pump blood, the problem is not teleology per se, but
the underlying consequence etiology. In the case of selec-
tion teleology, natural selection does the explaining, and
this results in a scientifically legitimate explanation. What
is problematic is that in the case of design teleology, the
explanation is based on what has been described as the
design stance: our tendency to perceive purpose and
design in the world (for an overview of this research, see
Part I of Kampourakis 2018). Therefore, it is the design
stance and not teleology that we need to address in evo-
lution education. But before considering what could be
done, it might be useful to better understand what the
design stance is about.

The design stance
It has long been shown that children provide teleological
explanations from a very young age. In one study, it was
investigated whether 7—8-year-old children provided tel-
eological explanations for both organisms and artifacts.
They were asked to choose between two possible expla-
nations for why plants and emeralds were green: (1) they
are green because this helps having more of them, or (2)
they are green because they consist of tiny green parts.
This is a difficult question because the latter explanation
is actually correct for both plants and emeralds: plants
are green, or have parts that are green, because they con-
tain chloroplasts that are small, intracellular organelles
filled with chlorophyll; whereas emeralds have green
color because they contain traces of chromium and vana-
dium. However, one might also argue that being green
is an advantage for plants because chlorophyll makes
photosynthesis possible, and so plants can transform
energy and live. Even though the complete explanation
of why being green helps plants exist can be considered
as advanced for 7-year-olds to understand, most of them
preferred that explanation for plants and not the physical
one, which in contrast they mostly preferred for emeralds
(Keil 1992, pp 129-130).

The distinction made above between a physical expla-
nation (being green because of consisting of tiny green
parts) and a teleological explanation (being green helps
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having more of them) reflects two different stances that
have been described as the physical stance and the design
stance, respectively. The physical stance is the use of
whatever we know about physics (e.g., how objects fall to
the ground) in order to make predictions or explanations.
It generally works for all kinds of entities—organisms,
artifacts, and nonliving natural objects. For instance,
if I hold a plant, a watch, or an emerald and I suddenly
release them, they will all fall to the ground. The design
stance is a different strategy that relies on additional
assumptions, which are that a specific object is designed
and that it will operate according to that design. There
is also a third one, the intentional stance, which can be
considered as a subspecies of the design stance (Den-
nett 2013, Chap. 18).! Therefore, we can simply make a
distinction between the physical stance and the design
stance. The question thus becomes whether we prefer
to explain a particular feature on the basis of its physical
properties or on the basis of the function that this feature
seems to serve.

Here lies the problem: whereas we can make similar
predictions for a plant, a watch, and an emerald using
the physical stance, we cannot do the same using the
design stance. If we drop any of these objects from a high
building to the ground, they will all fall down and break.
This can be explained by using physics: the gravitational
force brought the objects to the ground in an acceler-
ated motion, and when they touched it a force (which we
could actually estimate) was exercised on them, break-
ing them into pieces. It is as simple as that, and there
is absolutely no difference in making a prediction or an
explanation about these objects using the physical stance.
If we drop them from a high building, they will all break
for the same reason. However, the design stance does not
allow us to see these objects in the same way. An emer-
ald that broke into two pieces may have now become
two smaller emeralds. However, the watch and the plant
will be a broken watch and a broken plant. The design
stance makes us think of the plant in the same terms as
the watch rather than the emerald. In other words, the
design stance makes us see a natural object, the plant,
as an artifact such as the watch rather than as another
natural object, the emerald. The reason for this is that

! The reason for this is that the intention of the designer can be consid-
ered as a property inherent in the design, exactly because the properties of
the designed object reflect the intentions of its designer. A chair and a table
both have for legs, but are designed to serve different purposes: chairs are for
sitting and tables are for putting our meal upon them. It would be unusual,
indeed weird, to sit on a table and put our meal on the chair and start eating.
The reason for this is that the intended use of artifacts, what they were made
for, is evident in their design and use, or in other words the intention of the
designer is inherent in the design of artifacts.
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Table 3 The structure of teleological explanations; the difference is in the underlying consequence etiology

Observation

1st inference: Teleological
inference

2nd inference: Consequence etiology

Misconception/illegitimate
explanation

Misconception/illegitimate
explanation

Legitimate explanation

Organisms have structure A
that performs function B

Organisms have structure A
that performs function B

Organisms have structure A
that performs function B

Structure A exists in order to
perform function B

Structure A exists in order to
perform function B

Structure A exists in order to
perform function B

Structure A exists in order to perform function B because
a designer intentionally designed it for this purpose
(design teleology—external)

Structure A exists in order to perform function B because
it is necessary to its bearers for their survival/reproduc-
tion (design teleology—internal)

Structure A was selectively favored because the function
B that it performs confers an advantage to its bearers

for their survival/reproduction (selection teleology)

we perceive functions to exist in both the watch and the
plant, but not in the emerald.

It is very important to note that two distinct and con-
secutive inferences can be made, based on the design
stance. The first one is from a particular structure/func-
tion to the existence of design, e.g. from the internal
arrangement of the parts of the watch to the idea that this
arrangement serves a purpose. The second one is from
the existence of design to the existence of an intentional
and intelligent designer, e.g. from the purpose served by
the arrangement of the parts of the watch, which is to
tell the time, to the watchmaker who had the intention
to create such an artifact. This is very important to keep
in mind because this is what in my view makes evolu-
tion counter-intuitive, and also makes the design stance
a major conceptual obstacle for understanding evolu-
tion. Religious belief is of course an important emotional
obstacle. But it can be the case that people do not reject
evolution only because it conflicts with their worldviews
and religious beliefs; rather, it can be the case that they
perceive design in organisms, and this perception fits
better with their religious belief about the existence of an
intelligent designer rather than with the idea of evolution
via natural processes. There is actually ample research
that shows that people express beliefs in purpose and
design in nature independently of their religious back-
ground (for overviews, see Kampourakis 2014, Chapter 2;
Kampourakis 2018, Part I).

Therefore, there are two distinct inferences to consider.
The first one is the teleological inference, which stems
from the perception of design in organisms, and the sec-
ond one is the inference to the existence of a designer. /
argue that the first inference is not problematic, whereas
the second inference is. What therefore biology educators
and teachers could do is first to explain to students that
the first inference is correct; the next step would then
be to explain to students that the second—scientifically
legitimate—inference to make is the inference to natural
selection and not to design. In other words, teleological
explanations are acceptable, insofar as it is made clear

that the underlying consequence etiology is selection-
based and not designed-based (see Table 2). This distinc-
tion and the conceptual obstacles we should address are
presented in Table 3.

What Table 3 shows is that the problem are not stu-
dents’ teleological inferences per se, but rather the under-
lying consequence etiologies, that is, whether teleology is
based on design or on natural selection. Returning to our
guiding question: Is the explanation “We have a heart in
order to pump blood” a legitimate one for the presence
of a heart? The answer is yes, but only insofar as there is
explicit reference to evolutionary causes and processes,
and the fact that organisms are not designed. In other
words, the problem is not to say that we have a heart in
order to pump blood, but to attribute it to design rather
than to natural selection. The important implication
of this then for science education is how to distinguish
between design and selection teleology. To achieve this, it
might be useful to consider the differences between arti-
facts, which by definition exhibit design teleology, and
organisms, which do not.

Organisms and artifacts

There exists an enormous body of research that shows
that from a very young age children tend to provide tele-
ological explanations for organisms and artifacts (sum-
marized in Chapter 3 of Kampourakis 2014). Despite the
differences in the details, an important finding is that
even if children perceive animals as being different from
artifacts, they do not necessarily perceive animal parts
differently from artifact parts. For instance, in one study,
children’s questions about function were more frequent
for animal parts than for whole animals, and overall the
number of questions about parts was similar for organ-
isms and artifacts (Greif et al. 2006). Similarly, in another
study, 4- and 5-year-old children were found to provide
teleological explanations for both animal and artifact
parts, while they also realized that parts of organisms are
more probable to have some use or function compared
to whole organisms (Kelemen 1999). This entails that we
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might tend to intuitively think of the parts of organisms
in the same way that we think about the parts of arti-
facts: as designed for a function. This is plausible as for
the past few thousand years humans have been growing
up in artificial environments, surrounded by artifacts that
were made with the intention to fulfil a goal. Therefore,
as from very early in our life we become familiar with the
use of artifacts, it might then simply be the case that we
extrapolate our understanding of intended use and func-
tions to the natural world, with which we are less famil-
iar. In order to address this issue, it is very important to
explain to children as early as possible the differences
between organisms and artifacts, and especially the dif-
ferences in how their parts that might perform a similar
function came to exist.

Consider the wings of birds and airplanes. We might
ask why birds and airplanes have wings, and it would be
reasonable to state in both cases that they have wings in
order to fly. However, one should also keep in mind that
there is a major difference between them: airplanes are
artifacts intentionally designed for a purpose, whereas
birds are not. Because airplanes are designed in order
to fly, they have wings that are always of an appropriate
size so as to allow take off and flight. For instance, even
though a Cessna airplane has smaller wings than an Air-
bus, in both cases the wings are long enough to facilitate
take-off and flight. No rational aircraft builder would
ever design an Airbus with the wings of a Cessna, or vice
versa, because it would be impossible for either of these
airplanes to take off and fly. A Cessna with the wings of
an Airbus would be impossible to take off because the
wings would be too heavy for its body to hold. An Airbus
with the wings of a Cessna would also be impossible to
take off because it would never reach the necessary aero-
dynamic conditions for taking off. Therefore, for any air-
plane we can legitimately say that it has wings in order to
fly because it was intentionally and intelligently designed
for this purpose. The situation is different for birds. All
birds have wings, but not all of them use these for fly-
ing. We can say that eagles have wings in order to fly, but
this is not the case for penguins that have relatively small
wings for their size, and thus cannot fly. However, pen-
guins use their wings for swimming, and they can actu-
ally swim very fast underwater. We can say that penguins
have wings in order to swim. But then, ostriches also have
wings but use them neither for flying nor for swimming.
Therefore, all birds have wings, but not all birds use their
wings in order to fly. This happens because birds are not
artifacts and their wings were not intentionally designed
for flying. Birds, like all organisms, have come to possess
their features through evolution and are not intelligently
designed.
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There is thus a major difference between airplanes and
birds, and more generally between organisms and arti-
facts. Teleological explanations for artifacts presuppose
design, whereas teleological explanations for organisms
presuppose natural processes, i.e., evolution. The crucial
distinction here is that artifacts have particular features
in order to perform some function as a consequence of
their being designed for this purpose, whereas organisms
have particular features in order to perform some func-
tion as a consequence of their being selected during evo-
lution. In this sense, artifact teleology is external, whereas
organism teleology is internal. The wings of airplanes and
eventually airplanes themselves serve their human crea-
tors and their intentions. If artifacts possess some char-
acter for some purpose, this is a purpose external to them
which has been set by their human creators. In contrast,
the wings of birds serve (if they do so) their possessors
(and probably their own intentions: find food, avoid
predators, etc.). If organisms possess some features that
seem to serve some purpose, e.g., eagles have wings for
flying, what is actually happening is that flying is a con-
sequence of having wings and other appropriate body
parts that serves the organisms themselves and not some
agent external to them. Thus, organism teleology is based
on consequences without a presupposition of intentional
design and so differs significantly from artifact teleology.

Another problem for evolution education is that stu-
dents often conceptualize an internal, need-based teleol-
ogy that nevertheless is also based on the idea of design.
In this case, the design reflects the intentions of the
organism itself to fulfil its needs. The need to acquire a
specific feature therefore becomes the causal factor that
is used to explain the existence of a feature. The feature
exists because the organisms needs it and therefore has
to have it (design teleology), and not because it has been
selected for the advantage that it confers to its posses-
sors (selection teleology). In the first case teleology is
unnatural and design-based, whereas in the second case
it is natural and selection-based. The main types and fea-
tures of artifact and organism teleology are summarized
in Table 4.

The suggestion I would like to make based on all the
above is that it might be useful for science educators
and teachers to address the design stance during the
teaching of evolution. By this, I do not mean address-
ing any explicit creationism beliefs that students might
have—this is a different issue. Rather I refer to the intui-
tive thinking of the parts of organisms as designed for a
function, goal or purpose. This view does not explicitly
assume the existence of a conscious designer but nev-
ertheless considers the features of organisms as having
all those properties that the parts of a designed artifact
would have. This is often found in students’ views that
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organisms have the features they need in order to survive
in a particular environment. In other words, whereas stu-
dents may not actually think that organisms are designed,
they may in practice think of their parts as if they were
designed. How this conception might be addressed is the
topic of the next section.

Addressing the design stance in evolution
education
What we might do during the teaching of evolution is to
explicitly address the design stance and bring students
to a conceptual conflict situation where they will realize
that the design-based explanations are insufficient. To
do this, we could contrast two kinds of explanations, a
design-based and a selection-based one (based on Kam-
pourakis 2014, pp 89-96, but significantly modified and
elaborated). There are several ways that this could be
done. What I am suggesting here is a general scheme,
rather than a specific way or activity to do this. How
this can actually be done and whether it works well with
students is of course something that requires empirical
research in the future.
Let us begin with the teleological proposition:
[T] Organisms O have trait A in order to perform
function B.

As already explained in detail above, this proposition is
not inherently wrong. In contrast, it is a legitimate prop-
osition, and in fact it can also be a legitimate explanation
for the existence of a particular feature. The important
issue is what underlies such a proposition. If such a prop-
osition stems from the design stance, then the design-
based explanation would have the general form:
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[DT] Organisms O have trait A in order to perform
function B, because organisms have the features that
are necessary for their survival.

Whereas the selection-based explanation would have
the general form:
[ST] Organisms O have trait A in order to perform
function B, because the latter confers an advantage;
consequently, this trait has been selected for doing
this and has been maintained in their lineage.

Imagine now that we apply explanations [DT] and [ST]
to explain why dolphins and sharks have hydrodynamic
shapes. This would produce the explanations presented
in Table 5.

Obviously, proposition DT1 is compatible with DT2
and ST1 is compatible with ST2. However, propositions
DT3 and DT4 are incompatible. Why would two organ-
isms, which both live underwater, have different organs
for breathing had they been designed (or, more generally,
were they formed in a way that satisfies their needs)? On
the other hand, propositions ST3 and ST4 are compat-
ible with each other. So, when the explanatory scheme
ST is used, it produces propositions ST1 to ST4 which
are all compatible with each other. In contrast, when the
explanatory scheme DT is used, some of the propositions
produced (in particular propositions DT3 and DT4) are
logically incompatible. Therefore, the design stance is
simply explanatorily insufficient.

A simple way to illustrate this takes the form of the
following narrative (which I once watched during a
documentary film): A big gray whale was swimming in
the ocean, close to the surface, with its newborn that
was barely the size of a big dolphin. The newborn was

Table 5 Design-teleological and selection-teleological explanations for the features of sharks and dolphins

Question Design teleology

Selection teleology

(1) Why do dolphins have

hydrodynamic shapes? swim fast underwater, because organisms have the
features that are necessary for their survival
(2) Why do sharks have [DT2] Sharks have hydrodynamic shapes in order to swim
hydrodynamic shapes? fast underwater, because organisms have the features

that are necessary for their survival

(3) Why don't dolphins have
gills?

for their survival
(4) Why do sharks have gills?

for their survival

[DT1] Dolphins have hydrodynamic shapes in order to

[DT3] Dolphins do not have gills, but have lungs in order
to get more oxygen directly from the atmosphere,
because organisms have the features that are necessary

[DT4] Sharks have gills in order to breathe underwater,
because organisms have the features that are necessary

[ST1] Dolphins have hydrodynamic shapes in order to swim
fast underwater, because the latter confers an advantage;
consequently, this feature has been selected for doing this
and has been maintained in their lineage

[ST2] Sharks have hydrodynamic shapes in order to swim
fast underwater, because the latter confers an advantage;
consequently, this trait has been selected for doing this
and has been maintained in their lineage

[ST3] Dolphins do not have gills because this feature was
not maintained in their lineage and because lungs
evolved in their terrestrial ancestors

[ST4] Sharks have gills in order to breathe underwater,
because the latter confers an advantage; consequently,
this trait has been selected for doing this and has been
maintained in their lineage
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swimming very close to its mother’s body. If you ask any
student why these animals have hydrodynamic shapes,
they will immediately reply that they have them in order
to swim fast under water. So far so good. Then, suddenly,
two orcas, which are also mammals like the whales,
approached the mother whale and the newborn, and
tried to separate them. The orcas did not get very close to
the mother whale as it could hit them hard, and so tried
for a long time to separate her and the newborn. Eventu-
ally they succeeded, and then they repeatedly pushed the
newborn into the sea until it drowned. But this would not
have happened if gray whales had gills. The question that
one can ask students then is why don’t whales have gills?
The answer is simply that organisms may have particu-
lar features in order to perform a function, but they have
neither optimal characters, nor ones that fulfill every pos-
sible need. There are indeed some features that exist in
order to perform a function and they exist because natu-
ral selection has favored the survival and reproduction of
their bearers. Organisms do not have all the features that
they need in order to live in a particular environment.
This is why dolphins and sharks, compared above, differ
significantly in many characters, even though they live in
similar environments. Dolphins have forelimbs, whereas
sharks have fins; dolphins have mammary glands whereas
sharks do not; dolphins have lungs whereas sharks have
gills; dolphins have blowholes whereas sharks do not; and
many more.

Why would two kinds of organisms that live in the
same environment be so different from each other? The
answer is simple: because they have evolved, and they
were not designed.

Conclusions

The adjective “teleological” is often used to describe stu-
dents’ misconceptions about evolution in the literature.
However, what is wrong in these misconceptions, is not
teleology per se; the idea that a feature may exist in order
to perform a function is not necessarily wrong, because
if a feature has been selected for the function that it
performs, then this function is the reason that it exists
and this is a robust form of teleology. What is wrong is,
rather, the reason for which this function came to be.
Insofar as a feature exists because of a selection for it, this
is a selection teleology based on natural processes, which
is legitimate. What is problematic is the attribution of
this function to a design teleology, that is, to argue that
a feature exists because of the intentions of an external
agent, or because of the needs of the organism itself. It
is therefore important for biology educators and teachers
to realize that it is legitimate to state, e.g., that humans
have a heart in order to pump blood. What they should
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therefore address is not the statement itself, but the
underlying consequence etiology, or why students make
this statement. The ultimate goal of teaching would be to
explain to students that functions are the outcome of nat-
ural processes, such as selection, and not of the fulfilment
of any intentions or needs.

Abbreviations
ST: selection teleology; DT: design teleology.

Acknowledgements

I am very grateful to Ross Nehm for insisting that | write this essay, and for his
thoughtful comments on an earlier version. | also acknowledge the support
of the Swiss National Science Foundation [Project Number 100019_162679]
for research directly related to this article. Finally, I thank the two anonymous
reviewers whose comments helped me clarify the points made in this article.

Authors’ contributions
Author conceived and wrote the paper. The author read and approved the
final manuscript.

Funding
Swiss National Science Foundation [Project Number 100019_162679].

Availability of data and materials
Not applicable.

Consent for publication
Sole author.

Competing interests
The author declares no competing interests.

Received: 9 May 2019 Accepted: 21 December 2019
Published online: 09 January 2020

References

Ariew A. Ernst Mayr's ‘Ultimate/Proximate’ distinction reconsidered and recon-
structed. Biol Philos. 2003;18:553-65.

Ariew A.Teleology. In: Hull D, Ruse M, editors. Cambridge companion to the
philosophy of biology. Cambridge: Cambridge University Press; 2007. p.
160-81.

Cummins R. Functional analysis. J Philos. 1975,;72(20):741-65.

Cummins R. Neo-teleology. In: Ariew A, Cummins R, Perlman M, editors. Func-
tions: new essays in the philosophy of psychology and biology. Oxford:
Oxford University Press; 2002. p. 157-72.

Dennett DC. Intuition pumps and other tools for thinking. London: Penguin;
2013.

Godfrey-Smith P (1993) Functions: consensus without unity. Pacific philosophi-
cal quarterly 74, 196-208 (reprinted in Hull and Ruse, 1998, pp 280-292).

Greif M, Kemler-Nelson D, Keil FC, Guiterrez F. What do children want to know
about animals and artifacts? Domain-specific requests for information.
Psychol Sci. 2006;17(6):455-9.

Kampourakis K. Understanding evolution. Cambridge: Cambridge University
Press; 2014.

Kampourakis K. Turning points: how critical events have driven evolution, life,
and development. Amherst NY: Prometheus Books; 2018.

Kampourakis K, Zogza V. Students'intuitive explanations of the causes of
homologies and adaptations. Sci Educ. 2008;17(1):27-47.

Kampourakis K, Zogza V. Preliminary evolutionary explanations: a basic frame-
work for conceptual change and explanatory coherence in evolution. Sci
Educ. 2009;18(10):1313-40.

Keil FC. The origins of an autonomous biology. In: Gunnar MR, Maratsos M,
editors. Modularity and constraints in language and cognition: Minnesota



Kampourakis Evo Edu Outreach (2020) 13:1

symposium on child psychology, vol. 25. Hillsdale, NJ: Erlbaum; 1992. p.
103-38.

Kelemen D. The scope of teleological thinking in preschool children. Cogni-
tion. 1999;70:241-72.

Kelemen D. Teleological minds: how natural intuitions about agency and
purpose influence learning about evolution. In: Rosengren K, Brem S,
Evans EM, Sinatra GM, editors. Evolution challenges: integrating research
and practice in teaching and learning about evolution. Oxford: Oxford
University Press; 2012. p. 66-92.

Kitcher P (1993) Function and design Midwest Studies in Philosophy, 18,
379-397 (reprinted in Hull and Ruse, 1998, pp 258-279).

Kahpag B. Mdatwy Tiualog. ABriva: EkSOoelG MO 1995.

Kahpag B. ApiototéAng Mepi Guoewd. ABrva: Exdoaoeig MNMoAG 1999.

Lennox JG. Teleology. In: Lioyd E, Keller EF, editors. Keywords in evolutionary
biology. Cambridge: Harvard University Press; 1992. p. 122-7.

Lennox JG. Darwin was a teleologist. Biol Philos. 1993;8:409-21.

Lennox JG. Aristotle’s philosophy of biology: studies in the origins of life sci-
ence. Cambridge: Cambridge University Press; 2001.

Lennox JG, Kampourakis K. Biological teleology: the need for history. In: Kam-

pourakis K, editor. The philosophy of biology: a companion for educators.

Dordrecht: Springer; 2013. p. 421-54.

Page 12 of 12

LewensT. Organisms and artifacts: design in nature and elsewhere. Cam-
bridge: MIT Press; 2004.

Lombrozo T. The structure and function of explanations. Trends Cogn Sci.
2006;10(10):464-70.

Lombrozo T, Carey S. Functional explanation and the function of explanation.
Cognition. 2006;99:167-204.

Mayr E. Cause and effect in biology. Science. 1961;134:1501-6.

van Hateren JH. A unifying theory of biological function. Biol Theory.
2017;12(2):112-26.

Walsh D. Teleology. In: Ruse M, editor. The Oxford handbook of philosophy of
biology. Oxford: Oxford University Press; 2008. p. 113-37.

Weber M. How objective are biological functions? Synthese.
2017;194(12):4741-55.

Wright L. Functions. Philos Rev. 1973;82(2):139-68.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Students’ “teleological misconceptions” in evolution education: why the underlying design stance, not teleology per se, is the problem
	Abstract 
	“Why?” questions
	The nature of teleological explanations
	This can also take the following more general form

	The design stance
	Organisms and artifacts
	Addressing the design stance in evolution education
	Conclusions
	Acknowledgements
	References




