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Abstract

Background: Teleology is one of the critical aspects of students'intuitive concepts about living beings and, specifi-
cally, their evolution. This cognitive bias imposes a substantial restriction on the process of learning such content.

In this work, we rely on epistemological, psychological and pedagogical analyses to substantiate an educational
proposal centered on the concepts of epistemological obstacles and metacognitive vigilance.

Results: Based on Michael Ruse’s epistemological analysis, according to which teleology in biology persists because
the scientific explanation of adaptation necessarily involves appeal to the metaphor of design, and on research in
cognitive psychology, especially in relation to metacognition and self-regulated learning, we argue that the primary
educational aim must be to encourage students to develop metacognitive skills to regulate the use of teleological
reasoning. We develop our instructional proposal based on the didactic concepts of epistemological obstacles and

metacognitive vigilance (consistent with epistemological and psychological analyses).

Conclusion: We briefly discuss the instructional implications of our analysis and some possible relationships
between our proposal and other lines of research in psychology and science education.
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Introduction and purpose

Despite the consensus on the importance of all citizens
learning evolutionary biology, especially the theory of
natural selection (Kampourakis 2014; Miller-Friedmann
et al. 2019; WGTE 1998; Wilson 2007), there is substan-
tial evidence from the last 40 years from different coun-
tries suggesting that most high-school graduates have an
insufficient understanding of these topics (Smith 2010a,
b). Even worse, this conclusion applies to many teach-
ers and undergraduates as well (Gresch and Martens
2019; Nehm and Schonfeld 2007; Sickel and Friedrich-
sen 2013). Among the many factors responsible for these
poor educational results, the inconsistency of intuitive
conceptions of evolutionary processes with the currently
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adopted scientific theories has been stressed (Kampoura-
kis 2014; Settlage1994; Smith 2010b). These conceptions
have proven to be highly resistant to change through
education. Analyses of these conceptions have shown
that teleology is a central assumption of intuitive think-
ing about living beings in general, and evolution in par-
ticular (Gonzdlez Galli and Meinardi 2011; Kampourakis
and Zogza 2008; Kampourakis et al. 2012; Haydock and
Arunan 2013; Lennox and Kampourakis 2013; Sinatra
et al. 2008). Many students assume that in nature, every-
thing exists and occurs to achieve a predetermined pur-
pose (often, that purpose is survival). Therefore, students
tend to claim, for example, that “bacteria mutate in order
to become resistant to the antibiotic” or that “polar bears
became white because they needed to disguise them-
selves in the snow”

In this work, we consider a group of arguments that
include the notion of the end, goal or purpose in their
structures as teleological arguments (Allen et al. 1998a;
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McLaughlin 2003). As part of this “family of notions,’
we also examine the idea of functionality (McLaugh-
lin 2003; Nagel 1961; Sterelny and Griffiths 1999). Many
forms of reasoning, such as anthropomorphism or need-
based reasoning, are related to teleological assumptions.
Although we do not ignore the differences among these
forms of reasoning (for instance, that anthropomorphism
usually includes an intentional assumption that may be
absent in many cases of need-based reasoning), we sug-
gest that they all involve teleological assumptions.

In different studies on the role of students’ teleologi-
cal reasoning, it is unequivocally assumed that such rea-
soning is incorrect (e.g., Settlage 1994). Additionally, it
is suggested that the primary educational aim is for stu-
dents to abandon this form of reasoning. In this sense,
Settlage (1994), after characterizing explanations pro-
posed by students as “teleological” and “Lamarckian,’
states, “Although students may possess unscientific expla-
nations for the phenomena, a substantial force is required
to displace their notions”

Eliminating teleology would promote the construc-
tion of knowledge that is more similar to scientific the-
ories that, presumably, would not be teleological in any
sense. In recent years, this strict attitude, which we may
call “eliminative’; has been partially reviewed, and differ-
ent authors have acknowledged that teleological think-
ing may have heuristic value (Gresch and Martens 2019;
Jungwirth 1975a, b; Tamir and Zohar 1991; Zohar and
Ginossar 1998). Recently, the idea that eliminating tele-
ological thinking is impossible has been gaining sup-
port. However, although teleological thinking cannot be
eliminated, it must be addressed in one way or another,
because it causes substantial difficulties in understanding
biology, especially the theory of evolution (Evans 2018).

In reference to the problem being posed (how to deal
with the teleological thinking of students in the teach-
ing of evolution), the purpose of this work is to present
the foundations of an educational perspective on stu-
dents’ teleological conceptions based on the notion of
epistemological obstacles and metacognitive vigilance.
These concepts have been developed mainly by French-
speaking science education researchers (Astolfi 1997a,
b; Astolfi and Develay 1989; Peterfalvi 1997). We adopt
this theoretical framework mainly because we consider
the concept of epistemological obstacle to be especially
useful for characterizing the role that a reasoning style,
such as intuitive teleological thinking, has in the teach-
ing processes —see later in this section- (Gonzélez Galli
and Meinardi 2011). By “epistemological obstacle’,
we mean intuitive ways of thinking that are transver-
sal (they have a certain degree of generality and can be
applied to topics of different domains) and functional
(they fulfill an important cognitive function, including
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heuristic, predictive and explanatory) and that can poten-
tially interfere with learning about a scientific theory
(Gonzalez Galli and Meinardi 2015). As we will discuss
later, the obstacle can promote thinking about certain
topics while, at the same time, biasing and limiting think-
ing about that topics. From this perspective, the main
learning goal is students’ development of “metacognitive
vigilance,” which refers to a sophisticated ability for the
regulation of teleological reasoning. Components of this
ability, such as knowing what teleology is, recognizing its
multiple expressions, and intentionally regulating its use,
are detailed below.

The findings and recommendations of French sci-
ence education researchers (on whose research we base
our work) are consistent, to a certain extent, with those
derived from important lines of research in the science
education literature published in English. For example,
according to Schraw (1998), “metacognitive awareness”
includes three forms of awareness: declarative (refers to
knowing “about” things), procedural (refers to knowing
“how” to do things), and conditional knowledge (refers
to knowing the “why” and “when” aspects of cognition).
We can consider these three components of cognitive
awareness analogous to the three components of meta-
cognitive vigilance that we have defined below. For their
part, authors in the field of cognitive psychology (for
example, Gelman and Williams 1998 or Talanquer 2009)
define “cognitive constraints” as elements of a knowl-
edge system that guide and facilitate cognitive processes
but, at the same time, they restrict and bias them. In this
sense, this concept is analogous to that of epistemological
obstacle.

We prefer the term epistemological obstacles instead of
cognitive restrictions because the concept of obstacle is a
strictly didactic one. In this sense, the obstacle is defined
from the interaction between some style of reasoning,
and the scientific theory to be learned (the third compo-
nent of the definition we outlined earlier). In contrast, the
idea of cognitive constraint is more linked to the experi-
mental cognitive psychology approach. Thus, the obstacle
concept has a more pragmatic and contextually situated
nature than that of cognitive constraint. For this reason,
we will use the terminology of the French authors.

Our proposal is also based on our questioning of the
epistemological assumptions underlying the views that
all forms of teleology should be eliminated or censored in
the teaching of biology. Concerning the question of epis-
temology, following Ruse (2000, 2003, 2008), we assume
that reasoning based on the theory of evolution by natu-
ral selection implies a certain form of teleology.

In this paper, we initially review the epistemological
problem of teleology in biology. We address this matter
in depth since the assumptions related to how biology
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should be taught strongly depend on how the key ques-
tion related to the role and legitimacy of teleology in this
science is answered. Then, we briefly present the psycho-
logical foundations of our proposal, as well as the main
antecedents in the research on the teaching of evolution-
ary biology and students’ teleological conceptions. Later,
we analyze the educational implications of this episte-
mological and psychological analysis, especially related
to the role of students’ teleological concepts in learn-
ing of biology, mainly natural selection. Based on these
analyses, we present an educational proposal focused on
students’ development of metacognitive vigilance in rela-
tion to teleological reasoning. Last, we briefly analyze the
relationship between our proposal and the theoretical
framework of conceptual change and the dual processing
of information.

The problem of teleology in biology:
epistemological aspects

In the West, explanations of the natural world by Plato
and Aristotle included teleological assumptions (Allen
et al. 1998b). However, the worldview resulting from
the Scientific Revolution questioned the validity of tele-
ological notions ' (McLaughlin 2003). The reasons why
teleological explanations are not considered valid from
a scientific point of view are as follows (Ruse 2003): (a)
historically, they have been associated with religious per-
spectives, including supernatural assumptions, that were
in opposition to the metaphysical bases of the sciences;
(b) they seem to imply a temporary inversion of cause
and effect that is incompatible with the classical notion of
causality; and (c) they seem not to adjust to what, accord-
ing to logical positivism, would be the ideal scientific
explanation, i.e., the nomological deductive model or the
“covering law” model.

Despite the rejection of teleology that was consoli-
dated after the Scientific Revolution, biologists never
completely abandoned teleological reasoning and expres-
sions, even though they often stated that their science
did not include such explanations (Mahner and Bunge
1997). As we mentioned, pre-Darwinian natural history
included teleological explanations of various types, but
in that context, it was not problematic because it was
assumed that all creatures were part of a divine plan.
Darwin’s provision of an alternative naturalistic expla-
nation to divine design to explain the adaptive nature of
living beings (the “biological design”) through the theory
of natural selection was often interpreted as Darwin’s

! For more information on the different forms of teleological thinking
throughout the history of the West, see Lennox and Kampourakis (2013).
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triumphant expulsion of teleology from biology (Mayr
1991). Nonetheless, this interpretation is debatable
because it arbitrarily restricts the meaning of “teleology”
In general, authors who state that Darwin eliminated
teleology from biology, such as Ghiselin (2003), refer to
the fact that the theory of natural selection rendered ref-
erences to a divine design unnecessary to explain com-
plex adaptation and that the theory questioned the idea
of evolution having a predetermined directionality. We
agree that Darwin’s theory had such beneficial effects on
biology. However, teleological language and explanations
persisted in biology. What we refer to here as “the prob-
lem of teleology in biology” thus refers to the fact that
biology retained teleological explanations and notions
even after Darwin offered a naturalistic explanation of
“biological design” These considerations suggest that
Darwin eliminated some forms of teleology, but not all.

In summary, after Darwin, naturalists were able to
abandon the divine design hypothesis, but they contin-
ued to use teleological expressions and explanations.
Therefore, even if biologists have often stated that they
reject all forms of teleology (see Hickman et al. 2008;
Futuyma 2009) because they consider them scientifically
illegitimate, biologists have never eliminated all tele-
ological reasoning and expressions. This contradiction
(Dennett 2017; Jacob 1993; Mahner and Bunge 1997)
sheds light on a critical problem regarding the philoso-
phy of biology. Considering this ambiguous situation,
some authors (Lorenz 1982; Mayr 1988; Pittendrigh 1958;
Simpson 1964; Williams 1966) have suggested the use of
the term “teleonomy” to refer to scientifically acceptable
forms of teleology. However, we agree with Ruse (2003)
in that a mere terminological change does not resolve the
conceptual problem, and in fact, the notion of teleonomy,
defined as a directedness towards goals due to the opera-
tion of a program,” is clearly teleological (Lennox 1993;
Mahner and Bunge 1997). In fact, the idea of operating
a program is based on a computing metaphor (Godfrey-
Smith and Sterelny 2008) and implies the existence of a
programmer. Moreover, it is possible that the introduc-
tion of the concept of teleonomy further complicates
analysis of the role of teleology in biology (Ayala 1970) by
generating the illusion of avoiding teleology, thus obscur-
ing an essential aspect of some forms of reasoning in
biology.

The epistemological foundations of our proposal are
based on Michael Ruse’s analysis of this problem (2000,

% In this context, Mayr (1988, p. 49) defines a program as “coded or prear-
ranged information that controls a process (or behavior) leading it toward a
given end”.
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2003, 2008). According to this author, teleological expla-
nations and terminology continue to be used in biology
because in the analysis of adaptive traits, the metaphor
of design is employed. According to Ruse, the metaphor
of design, which represents organisms and their parts
as if they were products of deliberate design, will always
be an obligatory resource for constructing explanations
of adaptation based on the theory of evolution by natu-
ral selection. Thus, although teleological expressions are
absent in more technical scientific explanations of adap-
tation, the construction of such explanations previously
required viewing organisms as if they were objects of
design, which has evident teleological connotations.

Legitimizing teleology in biology

Given the already mentioned continuation of teleologi-
cal expressions and reasoning after Darwin, many biol-
ogy philosophers (Arriew 2007; Dennett 2017; Ruse 2003;
Sober 2000) have concluded that Darwin did not elimi-
nate teleology from biology but that he naturalized it.?
This perspective implies accepting that teleology bears a
legitimate place in biology.

In general, the three objections to teleology are derived
from an epistemological stance associated with logi-
cal positivism or schools of thought related to it, such
as the received view (Ruse 2003). These epistemological
approaches were physicalist in the sense that they ana-
lyzed all sciences in light of an ideal science: classical
physics (Mayr 2004; Stamos 2008). However, later devel-
opments in the philosophy of science in general and the
rise of the philosophy of biology in particular tended to
question this approach (Mayr 1997, 2004). Therefore,
there is a tendency to recognize that the different sci-
ences have epistemological characteristics that make
them unique and different from physics (Mayr 1997,
2004; Ruse 2008). The transition from a normative phi-
losophy of the sciences (specifically concerned with how
sciences should be) towards a naturalistic philosophy of
the sciences (concerned with what sciences actually are)
enabled the recognition of the specific epistemological
characteristics of biology.

3 It is important to clarify that the recognition of the teleological nature of
questions about adaptation, much like that of their answers based on natu-
ral selection, does not imply any acknowledgment or acceptance of “scientific
creationism” or its latest version, the “intelligent design theory” Some of the
cited authors, such as Dennett (2017), support the notion of design, while oth-
ers, such Dawkins (1996), assert that organisms are “designoid objects’, but
this is an entirely naturalistic design concept. Both “scientific creationism” and
the “intelligent design theory” are clearly religious movements, and therefore,
their ideas should have no place in the teaching of biology (Branch and Scott
2009).
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In regard to the first objection (i.e., the apparent asso-
ciation between teleology and supernatural events), it is
clear that the forms of teleology that have been retained
biology have no supernatural characteristics (Brandon
1990; Arriew 2007). Dennett (2017) states that, in fact,
there is design and purpose in the natural world, but that
the design and purpose can be explained in a totally nat-
uralistic way by natural selection. In this sense, Lennox
and Kampourakis (2013) clearly distinguish, on the one
hand, a form of teleology dependent on the idea that the
world is the product of a supernatural creator and, on the
other hand, a kind of teleology that assumes that in the
world, there are systems oriented towards a purpose. This
second view of teleology, related to the notion of adapta-
tion, corresponds to Aristotle’s worldview and Darwin’s
theory. More recently, Kampourakis (2020) distinguishes
“design teleology” (which is “external” when the exist-
ence of an entity is explained from the intentions of an
external agent, or “internal’, when it is explained from the
intentions of the same entity) of “natural selection tele-
ology” (when the existence of a trait is explained from a
natural process, due to the advantage that said trait con-
fers on its owners).

Regarding the second objection (i.e., the alleged inver-
sion of cause and effect), it is not evident that a good
scientific explanation must necessarily be based on the
identification of the efficient causes responsible for the
phenomenon to be explained. In fact, explanations based
on natural selection represent a form of teleological
explanation and, as such, do not entail the identification
of efficient causes (Ayala 1970). In any case, concerning
the second objection, the teleological explanations that
continue to exist in biology do not imply that present
events are caused by future events (Brandon 1990; Nagel
1961).

Last, for the third objection related to the non-adjust-
ment of teleological explanations to the covering law
model, it is currently considered that this model cannot
account for all the types of explanations offered by the
different sciences. In particular, the model seems to be
especially inadequate for some of the biological explana-
tions (Kleiner 2003; Sober 2006; Stamos 2008).

The teleological nature of explanations based on natural
selection

In relation to the previous discussion, many authors have
argued not only that teleology currently has a legitimate
role in biology but also that explanations based on natu-
ral selection represent a particular form of teleological
explanation or, at least, that their formulation necessar-
ily implies resorting to a teleological perspective at some
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point in the process. Although this perspective may seem
slightly heretical at first glance (especially for biology
teachers and biologists), in recent years, many biology
philosophers (Brandon 1981; Lennox 1993, 1994; Lew-
ens 2000, 2004; Ruse 2000, 2003; Short 1983, 2002; Walsh
2000, 2006) have arrived at this conclusion (Lennox and
Kampourakis 2013). Among these authors, Michael
Ruse’s analysis (2000, 2003, 2008) is relevant to our edu-
cational interests.

According to Ruse, teleology is present in biology as
a result of biologists using the metaphor of design to
understand the origin of living creatures and their parts.
For example, if we look at the color of a grasshopper and
ask ourselves what it appears to have been designed for,
this question would lead us to create hypotheses such
that the color of the grasshopper appears to be designed
to hide the insect from its predators. This metaphorical
cognitive exercise would allow us to generate hypotheses
on the adaptive value of those traits. If the evidence sub-
sequently obtained confirmed any of these hypotheses,
we would move on to propose an explanation based on
selection. In the most technical versions of these explana-
tions, there would be no teleological expressions. So, in
grasshopper example, explanations of the cryptic color-
ing would be based on certain prior conditions (heritable
color variations, predators that use their sight, etc.), and
they would show that the current trait (i.e., the cryptic
coloring) represented an expected consequence of that
condition. With that in mind, Ruse argues that although
no teleological expressions are present in this explana-
tion, we would be able to come up with this hypothesis
only if we first imagined the trait whose evolution we
wished to explain as if it had been designed. It is impor-
tant to stress that for Ruse, the use of this metaphor is not
optional but compulsory: we could not use natural selec-
tion to explain evolution without using that metaphor.
This response proposed by Ruse is compatible with and
converges with other analyses (see Dennett 1989, 1995,
2017, on the concept of the “intentional stance” and Lew-
ens 2000, 2004, on the concept of the “artifact model”). In
accordance with these analyses, teleological expressions
used by biologists are not just a simple manner of speech
(as proposed by authors such as Ghiselin 1994) but evi-
dence of a teleological reasoning style.

According to these authors’ proposals, teleology is
directly linked to the construction of explanations about
adaptive traits based on natural selection. This suggestion
implies that, for instance, teleological reasoning would
have no place in cases in which the evolution of a trait
is explained by a nonselective process, such as genetic
drift. Therefore, biology would only include teleological
reasoning insofar as it maintains the concept of adapta-
tion. In light of this observation, we could suggest that
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apart from the known criticism of “adaptationism,” it is
difficult to imagine a version of biology that would elimi-
nate the notion of adaptation. In any case, this concept
still currently plays a fundamental role in biology.* This
claim is also valid for the notion of function that, as we
have already mentioned, has teleological implications as
well (McLaughlin 2003).

Acknowledgment that, in some instances at least,
biologists employ teleological expressions and reasoning
does not imply that they deem all kinds of teleology to be
acceptable. For example, no biologist would say that “bac-
teria mutated in order to become resistant to the anti-
biotic” or that “the great dinosaurs went extinct so that
mammals could diversify, and as a result, humans could
evolve” All biologists are aware that teleological expres-
sions such as those mentioned above are wrong from the
point of view of the theory of natural selection. Nonethe-
less, they allow themselves to make statements such as
the following: “Each sperm is a stripped-down package
of highly condensed genetic material designed for the sin-
gle purpose of reaching and fertilizing an egg” (Hickman
et al. 2008, p. 139); “Parthenogenesis is surprisingly wide-
spread in animals (...) It may have evolved to avoid the
problem—which may be great in some animals—of bring-
ing together males and females at the right moment for
successful fertilization” (Hickman et al. 2008, p. 141); and
“Clots are not permanent structures but are designed to
dissolve when the structural integrity of damaged areas is
restored” (Berg et al. 2015, p. 307-308). These expressions
taken from university textbooks are clearly teleological.
As we have pointed out, it is common for biologists who
use these expressions to simultaneously completely deny
the legitimacy of teleology. For instance, Hickman et al.
state, “An argument that nature has a predetermined
goal, such as the evolution of the human mind, is termed
teleological. Teleology is the mistaken notion that the evo-
lution of living organisms is guided by purpose toward
an optimal design. A major success of a Darwinian evo-
lutionary theory is its rejection of teleology in explaining
biological diversification” (Hickman et al. 2008, p. 14). If
we define “teleology” in this way, we should all agree that
teleology should be rejected, and that Darwin eliminated
it from science. However, as we have already pointed out,

% The classical criticism of adaptationism can be found in Gould and
Lewontin (1979). A defense of the adaptationist program can be found in
Dennett (1995, chapter 9). Gould and Lewontin’s antiadaptationist attitude
have had a significant impact on the educational community, which has led to
many teachers distrusting the concept of adaptation. Thus, we cite the words
of Lewontin (1978: 230): “(...) to abandon the notion of adaptation entirely, to
simply observe historical change and describe its mechanisms wholly in terms
of the different reproductive success of different types, with no functional
explanation, would be to throw out the baby with the bathwater. Adapta-
tion is a real phenomenon. It is no accident that fish have fins, that seals and
whales have flippers and flukes, that penguins have paddles and that even sea
snakes have become laterally flattened”.
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it is arbitrary and contrary to the uses of the term in the
philosophical literature to give the term “teleology” such
a restricted meaning.

We believe that the way to avoid these contradictions is
to acknowledge that teleology can take on multiple forms
(see Ayala 1970, Kampourakis 2020 or Mayr 1988) and
that only some of these forms are scientifically accept-
able. We suggest that, in fact, biologists do acknowledge
and use acceptable forms of teleology, even those biolo-
gists who state that teleological reasoning should not
be used, such as those quoted above. As was previously
mentioned, biologists deem as legitimate only those tele-
ological expressions that are compatible with approved
scientific theories, especially with the theory of natural
selection. Therefore, it is not that biologists do not use
teleological reasoning and terms but that they use them
properly, i.e., they regulate their use based on their sound
knowledge of the theory of natural selection.

We maintain that the epistemological perspective of
the problem of teleology in biology we have outlined in
this section, mainly based on Michael Ruse’s analysis, is
especially suitable for our educational concerns for two
reasons. First, unlike views that censor all kinds of teleol-
ogy, this approach takes into consideration the undeni-
able fact that biologists frequently employ teleological
expressions. We suggest that this naturalistic perspective
(in opposition to the normative perspective) contrib-
utes to the development of a richer and more sophisti-
cated image of science than the perspective based on a
physicalist philosophy of the sciences. In this sense, this
approach contributes to students’ recognition of the epis-
temological singularity of biology (i.e., the design meta-
phor resource), promoting an understanding of the fact
that the different sciences use different styles of explana-
tion that are appropriate for their specific goals. In this
vein, Ruse’s proposal also enables us to value the role of
metaphors in the sciences (Aubusson et al. 2006; Bradie
1999), which is a topic of great interest for understanding
the nature of science. Moreover, analyzing the role that
the design metaphor plays in evolutionary biology sheds
light on the hypothesis creation process, which is an
aspect that is overlooked by philosophy of the sciences,
which distinguishes the “context of discovery” from the
“context of justification’, declaring that the former is
more of a problem of psychology than of the philoso-
phy of the sciences (Schickore 2018). Therefore, analyz-
ing the role that the design metaphor plays allows for an
argument regarding the creative process of hypothesis
generation, which is a neglected matter in education, as
education is always more concerned with experimen-
tation and other aspects related to justifying a hypoth-
esis. Second, acknowledging the legitimacy of teleology
in biology allows us to give value to students’ cognition
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based on the assumption that students’ intuitive styles of
reasoning are not flawed in absolute terms and that they
should therefore not be abandoned, but rather critically
and consciously revised, with a consideration of scientific
theories, as circumstances may require. In that sense, we
value the possibility of discussing with students the fact
that scientists use, at least in some instances in the inves-
tigation process, the same reasoning styles that we all use
(Giere 1988).

The problem of teleology in biology: psychological
aspects

In recent years, numerous investigations into intuitive
teleological thinking in the field of cognitive psychol-
ogy have been of great relevance for educational issues
(Coley and Tanner 2012; Gelman and Rhodes 2012; Ina-
gaki and Hatano 2006; Keil 1994; Kelemen 1999a, 2012).
According to these investigations, teleological reasoning
is a central component of intuitive thinking about human
behavior and artifacts and plays an important role in eve-
ryday life (Coley and Tanner 2012).

It can be assumed that there are several factors that
explain the existence of this teleological cognitive bias.
Among these factors is the incorrect use of teleological
expressions in formal and informal instruction, includ-
ing the type of explanations that parents give to children’s
“why” questions. More general factors are related to
religious beliefs or the type of discourse on nature most
frequent in media. However, in addition to these fac-
tors, there is strong evidence that such bias is generated
from a biologically-based cognitive structure (Kelemen
2012). This teleological bias seems to be present from
the first months of life (Kelemen 1999b; Legare and Gel-
man 2008) and, at least to some extent, to be universal
(that is, it is probably present in all cultures) (Schachner
et al. 2017; Rottman et al. 2016). According to Kelemen
(1999a), young children apply teleology to a wide range
of phenomena (“promiscuous teleology”). Children use
teleological reasoning not only to account for biological
phenomena but also to explain other phenomena related
to inert objects by stating, for example, that mountains
exist so that humans can climb them. Subsequently, the
range of application of teleological reasoning is restricted
but persists in adulthood in relation to the biological
domain (Kelemen 1999a, Kelemen et al. 2013). While
some authors (Carey, 1995) have argued that teleologi-
cal bias disappears during development (being replaced,
after a process of conceptual change, by more mechanis-
tic approaches), the evidence seems to suggest that such
bias persists as a default reasoning style (Kelemen et al.
2013).

These considerations are of great importance to rethink
the role of teleological intuition in teaching. They suggest
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that it is expected that this cognitive bias will be encoun-
tered at all educational levels and that the understanding
of many scientific models will be hindered by this cogni-
tive bias. However, it is also inferred from these analy-
ses that it is unreasonable (or undesirable) to attempt to
eliminate such bias. As we show in the section on episte-
mological issues, teleological reasoning is present even in
academic biology (Ruse 2000; Mahner and Bunge 1997).
Kelemen et al. (2013) show that this bias persists even
in physical science professionals. These findings lead us
to propose the hypothesis that scientists have not aban-
doned teleological reasoning but, in some way, manage
to regulate it so that it does not interfere negatively with
their reasoning based on the scientific models they use
to generate explanations. This regulation could involve
not using teleological intuitions at all (for example, when
explaining the movement of the stars) or using them in
an appropriate way (for example, when explaining bio-
logical adaptations).

The problem of teleology in biology: pedagogical
aspects
The teleological character of many of the conceptions
that students have about evolution is one of the most
robust research findings on teaching and learning evolu-
tionary biology (Anderson et al. 2002; Bardapurkar 2008;
Bartov 1981; Bishop and Anderson 1990; Kampourakis
2014; Settlage 1994). This type of conception has been
detected in students of all ages in many culturally diverse
countries. Moreover, these conceptions are frequent even
in biology professors and people with university studies
in science (Gresch and Martens 2019; Kallery and Psillos
2004). Despite the different strategies posed from science
education, these conceptions remain preset in students’
discourse. A great diversity of ideas about evolution share
a general teleological assumption. Thus, for example, it
is common for students to believe that adaptation is the
product of an individual transformation aimed at increas-
ing the adjustment of the organism for its environment
or that evolution has a certain intrinsic directionality.
The theoretical structure of the assumptions that
underlie this diversity of conceptions is not clear, beyond
the common general assumption that natural processes
are oriented towards certain ends. One possible way to
classify the types of teleological explanations of stu-
dents in relation to evolution is to distinguish three main
types of explanations (Gregory 2009; Kelemen 2012): (1)
“basic explanations based on the idea of function’, (2)
“basic explanations based on the idea of necessity” and
(3) “elaborate explanations based on the idea of neces-
sity” The first two are the least elaborated in terms of
their causal assumptions: no reference is made to iden-
tify causal factors. In contrast, in the case of “elaborated
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explanations based on the idea of necessity’, the student
resorts to a theoretical framework that is more consistent
with a mechanistic approach, but in general, the explana-
tions are not consistent with Darwinian explanations.

From these investigations, a set of suggestions has been
derived concerning how to take into account the tele-
ological conceptions of students in teaching. Of course,
these suggestions are diverse due to the different theo-
retical frameworks adopted by the different authors.
Thus, authors who adopt the framework of conceptual
change have emphasized the need to confront students
with empirical problems and evidence that question their
conceptions (see, for example, Kampourakis 2014). Other
authors have emphasized the need to increase students’
conscious knowledge in relation to their teleological cog-
nitive biases as well as to distinguish teleological explana-
tions from other types of explanations (Bartov 1981).

Research has also shown that many teachers hold tele-
ological conceptions (as part of what many authors call
“Lamarckian conceptions”) and that in many cases they
do not recognize the problems associated with these
conceptions (Sickel and Friedrichsen 2013). These find-
ings are important and suggest the need to take this issue
into account in teacher training (Gregory 2009). This
is because the type of educational work necessary for
students to learn evolutionary biology requires teach-
ers with a high degree of knowledge (about evolution-
ary biology and about meta-scientific topics such as the
debate on teleological explanations) and great metacog-
nitive ability concerning their own conceptions so that
they can regulate their own discourse and class discus-
sions on teleology.

Educational proposal

Based on our previous epistemological and psychological
analyses, we propose that the main educational objective
is students’ development of metacognitive vigilance on
teleological obstacles. From a pedagogical perspective,
our proposal is based on two main theoretical frame-
works: epistemological obstacles (Astolfi 1997a) and
metacognition (Pefia Ayala 2015; Zohar and Dori 2012).
The latter framework is closely related to that of self-
regulated learning (Boekaerts 1999; Zimmerman 2000;
Schraw et al. 2006). In the following sections, we briefly
develop these theoretical frameworks and apply them to
the case at hand.

Teleological thinking as an epistemological obstacle

In other works (Gonzdalez Galli and Meinardi 2011, 2015),
we have characterized teleological thinking as an epis-
temological obstacle (Astolfi 1997a; Astolfi and Develay
1989). This concept seems particularly appropriate to
consider the nature and function of teleological thinking
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from a teaching perspective. As noted in the Introduc-
tion, epistemological obstacles are transversal and func-
tional styles of reasoning that constitute possible sources
of difficulty in learning specific content. Nevertheless,
authors who developed this theoretical framework state
that obstacles are ambiguous (Astolfi 1997b). This ambi-
guity is generated from styles of reasoning that allow
and encourage thinking about a specific topic (a posi-
tive effect) but, at the same time, bias and limit thinking
(a potentially negative effect). Thus, in contrast to what
the term “obstacle” suggests, its cognitive function is not
purely negative.

In relation to negative aspects, the teleological obsta-
cle may lead to misconceptions about evolution. Thus,
for example, students tend to think that the production
of genetic variations is geared toward producing adap-
tive changes. In the same vein, they may believe that the
evolutionary process as a whole follows predetermined
paths. Some students might even think that there is
some form of intentionality involved in the evolutionary
process.

However, and this is perhaps less obvious, the teleo-
logical obstacle has positive effects in relation to learning
the theory of natural selection. Specifically, the teleologi-
cal obstacle gives rise to intuitions that, according to
Ruse (2000, 2003, 2008) and Dennett (1995, 1989, 2017),
are essential to explain adaptations employing the natural
selection theory. In this sense, teleological reasoning sug-
gests questions such as, “How does having those colors
benefit the butterfly? Is it that it allows it to camouflage
with the surroundings and avoid predators?” These ques-
tions and their possible answers are clearly teleologi-
cal. Nonetheless, this is how scientific hypotheses are
generated in the adaptationist program. Then, similar
to biologists, students create an explanation of how the
trait being analyzed evolved, which must be coherent
with scientific theory. Furthermore, to the extent that
they focus on the study of the theory of evolution, stu-
dents should be able to understand teleological questions
such as, “How does trait X benefit its holder?” This ques-
tion could be answered, “In no way’, given that the trait
being analyzed might not be a product of natural selec-
tion. In other words, part of the metacognitive ability of
an advanced student would include knowledge that tele-
ological reasoning and language should be restricted to
those cases in which one decides to adopt an adaptation-
ist approach.

Metacognition and self-regulated learning:

the development of “metacognitive vigilance”

on teleological thinking

Although there is no single definition of metacogni-
tion (see, Gunstone and Mitchell 2005; Hacker et al.
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2009; Pena-Ayala and Cérdenas 2015; Veenman 2012;
Zohar and Barzilai 2013; Zohar and Dori 2012), it can
be defined as the subject’s knowledge and control over
his or her thinking and learning (Cross and Paris 1988).
There is usually a differentiation between metacogni-
tive knowledge and metacognitive regulation (Dye and
Stanton 2017; Schraw et al. 2006). While metacognitive
knowledge refers to what we know about our thinking,
metacognitive regulation refers to how we control our
thinking and learning. More specifically, metacognitive
knowledge would be declarative knowledge about the
interrelationships between the subject, the task to be
performed, and the strategies to be used. Metacognitive
regulation would include the ability to monitor, guide,
control and manage one’s learning and behavior during
the problem solving (Veenman 2012). The relationships
between the two components of metacognition (knowl-
edge and regulation) are complex, and evidence suggests
that the possession of knowledge does not guarantee the
ability to regulate cognition.

As we have already pointed out, the metacognition
framework is closely related to that of self-regulated
learning (Boekaerts 1999; Schraw et al. 2006). The lat-
ter suggests that the subject becomes a self-regulated
learner through a gradual process that involves four
levels: observational (focused on modeling), imitative
(focused on social orientation and feedback), self-con-
trolled (focused on building internal standards of what
is an acceptable performance and development based on
these standards) and self-regulated (focused on the sub-
ject’s strong beliefs about self-efficacy and rich repertoire
of cognitive strategies that allow self-regulation of learn-
ing). Thus, this development implies a passage from per-
formance strongly supported by external social factors to
performance based on internal cognitive tools (Schraw
et al. 2006). According to Schraw et al. 2006, self-regu-
lated learning has three components: cognition, meta-
cognition and motivation. Cognition refers to the abilities
to encode, store and retrieve information. Metacognition
refers to the subject’s ability to understand and monitor
his or her cognitive processes, and motivation is related
to beliefs and attitudes that affect the use and develop-
ment of cognition and metacognition. Another aspect of
self-regulated learning that is important for our proposal
is that the subject must perceive that there are different
alternatives to choose from (Boekaerts 1999), in our case,
in relation to the type of explanations that can be con-
structed to account for a biological phenomenon.

In the teaching approach that we propose, the aim
would not be for students to completely abandon the
use of teleology but rather to be able to use it properly,
as biologists do, and to consciously regulate the use this
type of reasoning as much as possible. Students should
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be able to depend on natural selection theory to assess
which teleological explanations and expressions are
acceptable and which are not. In this sense, for instance,
it could be considered that the phrase “gazelles evolved in
order to be faster and thus avoid their predators” could,
under a specific interpretation, be acceptable, whereas
the statement “gazelles mutated to become faster” would
never be acceptable. The former expression is ambiguous
and could be expressing a mistaken idea (suggesting that
the genetic variation needed was directionally caused)
or a correct idea (suggesting the reason why the fastest
variant increased its population frequency). Those read-
ers who deem the first expression unacceptable should
remember that these types of expressions are used fre-
quently by professional biologists and, as we have shown,
can be found in university textbooks.

In any case, we consider the censorship of teleological
language in the classroom does not facilitate the learn-
ing process (Zohar and Ginossar 1998). There is broad
consensus on the need for students to make their ideas
explicit in class. This is a necessary condition for the con-
ceptual review required for the learning of scientific the-
ories. Therefore, the censorship of teleological thinking
(which generally translates into the expression “don’t say
‘in order to”) tends to hide what students think, hinder-
ing their learning experience. Our proposal focuses on
generating frequent instances of explicit discussion about
the meaning of teleological expressions that arise in class.
These discussions provide the framework in which a the-
ory (the theory of natural selection, in this case) can be
reviewed to discuss which expressions are acceptable and
which are not.

A general proposal to address the problem of teleology

in the teaching of evolutionary biology

The primary learning aim of our proposal is for stu-
dents to gain awareness of their own teleological biases
and develop a specific ability for the regulation of that
aspect of their cognition. Therefore, the goal is related to
promoting the development of students’ metacognitive
knowledge and regulation, i.e., their performance as self-
regulated learners, in connection with the teleological
obstacle. To accomplish this, the literature on epistemo-
logical obstacles provides useful suggestions consistent
with the frameworks of metacognition and self-regulated
learning.

According to Astolfi and Peterfalvi (1997), some essen-
tial aspects of educational work are (a) the destabiliza-
tion of the obstacle, (b) alternative (re)construction, and
(c) identification. Destabilization refers to the process
of students becoming aware of the obstacle’s limitations
through the use of resources, such as contrasting con-
flicting empirical evidence. The so-called sociocognitive
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conflict that arises from noticing the coexistence of mul-
tiple points of view, which are sometimes mutually exclu-
sive, also contributes to weakening students’ confidence
in the obstacle. For example, in the case of teleological
reasoning and learning the theory of natural selection,
the fact that the frequency of occurrence of a mutation is
independent of whether the mutation has positive or neg-
ative effects for the organism could contribute to reduc-
ing the student’s confidence in teleological reasoning (see
Kampourakis 2014 for other suggestions in this line).
Alternative (re)construction refers to the contribution
by the teacher of an alternative explanatory framework
concerning the obstacle that proves to be more coher-
ent than the student’s scientific perspective. Continuing
with the previous example, this conceptual (re)construc-
tion would involve the student constructing an explana-
tory model more similar to the theory of natural selection
that, among other things, would include a recognition of
the role of chance in the emergence of heritable variants.
Although we do not explore this question in more depth
due to space limitations, we suggest that the theoretical
framework of modeling offers a particularly useful per-
spective for thinking about how to carry out this concep-
tual reconstruction (see Svoboda and Passmore 2013).
Identification refers to students’ ability to recognize what
the obstacle is and its multiple expressions (that is, the
specific conceptions based on the obstacle, such as the
idea of adaptative individual transformation).

It is necessary to clarify that the three aspects of the
didactic work on epistemological obstacles (destabiliza-
tion, conceptual reconstruction, and identification) do
not represent three sequential steps of a linear process.
Although there is a certain temporal logic (for exam-
ple, students often begin by favoring the explicitness
and destabilization of the obstacle), the three aspects
interact continuously. For example, a new concept such
as “random character of mutation” becomes a concep-
tual tool that allows a student to revise his or her con-
ceptions, including the teleological obstacle, from a new
perspective.

Aspects (a) and (b) greatly converge with what is pro-
posed in the theoretical framework of conceptual change
(Strike and Posner 1992; Vosniadou 2008). Given the rec-
ognition that obstacles never disappear (Astolfi 1997b)
(statement consistent with the analysis of cognitive psy-
chology, according to which teleological bias is an impor-
tant functional aspect of normal cognition), the focus of
the teaching proposal shifts from the intention of elimi-
nating teleological reasoning to regulating it through
metacognition. Although some models of conceptual
change place great importance on metacognition (see
Gunstone and Mitchell 2005 and Sinatra and Pintrich
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2003), in general, they preserve the “eliminationist”
objective that we renounce.

It is important to note that the students’ initial model
consists of a set of related conceptions (individual trans-
formation, inheritance of acquired characteristics, etc.)
about evolution. Some of them involve incorrect forms
of teleology. According to our proposal, teleology (in
its broadest sense) is an aspect that will be present in
both the initial and final models, as well as in the scien-
tific reference model (natural selection). The objective
is then a transformation (not a total replacement) of the
initial model towards one closer to the scientific one,
which implies both the abandonment of some specific
conceptions and, eventually, the permanence of others.
As we pointed out, in any case, some form of teleology
will always persist. In this sense, for the students, one
of the goals of “destabilization” is to question unaccep-
table forms of teleology. Later we point some criteria
for distinguishing acceptable and unacceptable forms of
teleology.

The main objective would then be for students to
develop metacognitive vigilance of the obstacle. Being
able to perform such “vigilance” involves (1) being aware
of the teleological reasoning, i.e., knowing what this type
of reasoning is; (2) being able to identify teleological rea-
soning, i.e., recognize the multiple expressions of tele-
ological reasoning, which are not always evident; and (3)
regulating the obstacle based on a theory, i.e., restricting
the use of teleological reasoning by assessing the accept-
ability of each case with the theory of natural selection as
a reference. Thus, the development of these skills repre-
sents three key goals of teaching. It is worth mentioning
that these skills are not independent: it is not possible to
identify expressions of teleological thinking (2) without
knowing about the form of thought (1). Likewise, regu-
lating the use of teleological reasoning (3) is not possible
if one is unable to identify its expressions (2). Exercising
this vigilance would imply both metacognitive knowledge
(aspect 1) and metacognitive regulation (aspects 2 and 3).
Therefore, it is an ambitious learning goal that requires
hard, long-term work.

As we have mentioned, we suggest that the criterion
for determining the acceptability (or unacceptability) of
a given teleological expression should be its coherence
(or incoherence) with the reference scientific theory (in
this case, the theory of natural selection). When the topic
discussed in class relates to the evolutionary explanation
of adaptations, this criterion would imply that expres-
sions for which teleological reasoning relates to the rea-
sons why the variant of the observed trait was selected
would be acceptable. Thus, for example, the expression
“white bears were selected in the Artic because that color
serves to help them blend in with the environment” could
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be considered acceptable, even though it is teleological.
This idea could also be expressed in the form: the white
fur “has the function to help them to blend in with the
environment”. Since, as we explain later, we consider that
the notion of function is itself teleological (McLaughlin
2003) and this last expression would imply an acceptable
form of teleology. On the other hand, expressions that
relate teleological reasoning with the origin of the vari-
ants or with the evolutionary process as a whole should
be considered erroneous. Thus, expressions such as “in
the arctic, bears mutate to camouflage” would be consid-
ered erroneous. Another form of teleology that is unac-
ceptable is assuming that the evolutionary process as a
whole follows predetermined directions. In this sense,
the idea that the appearance of certain species (typically
the human being) is an inevitable result of evolution is
an unacceptable form of teleology. Finally, in any of these
cases, the student could assume that there is a certain
intentionality involved in the evolutionary process, which
should always be considered unacceptable because inten-
tionality is not part of the reference theory (natural selec-
tion). In summary, adopting consistency with the theory
of natural selection as the ultimate criterion of accept-
ability, we suggest the following general scheme to distin-
guish acceptable forms of teleology from those that are
not:
Acceptable forms of teleology.

— Any teleological expression (in terms of utility,
advantage or function) that refers to the reasons why
a certain variant of a trait was selected.

Unacceptable forms of teleology.

— Any teleological expression that refers to the inherit-
able variants appears with a purpose associated with
the adjustment of the organism to the environment
or its survival.

— Any teleological expression that refers to a prede-
termined direction in the evolutionary process as a
whole.

— Any teleological expression that supposes some form
of intentionality guiding the evolutionary process.

It is necessary to point out that the teleological notion
of “necessity’, frequently indicated as intrinsically incor-
rect, could appear in any of the mentioned cases (both in
the acceptable and in the not acceptable).

The main idea that we defend here is that the recog-
nition that certain forms of teleology persist in biology
forces to distinguish the different forms of teleology and
to establish an acceptability criterion. The categoriza-
tion just outlined is not, of course, the only possible one.
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The distinction made by Kampourakis (2020) between
“design teleology” and “natural selection teleology”—
which we have already mentioned- can also function as
an adequate theoretical reference to distinguish between
acceptable and unacceptable forms of teleology. Lastly,
we must not lose sight of the fact that linguistic expres-
sions are usually ambiguous and that, therefore, many
times the expressions of the students cannot be consid-
ered immediately correct or incorrect. Thus, it will often
be necessary to ask students to clarify what they meant by
this or that expression, which will help students become
aware of the need to express themselves accurately”.

Guidelines for the design of activities based on our
proposal

Here, we offer some guidelines and suggestions on the
kinds of activities that can be implemented to address the
three proposed objectives. Of course, a teacher will only
be able to guide this learning process for his or her stu-
dents if he or she has previously experienced the process.
Thus, versions adjusted to the corresponding educational
level of this type of activity can be used both in the teach-
ing of biology in secondary school and in teacher educa-
tion programs so that future teachers have a high degree
of understanding of what teleology is and how to teach
evolution (or biology in general) so that students’ tele-
ological intuition does not hinder the process.

Regarding the first aim (knowing what teleological
reasoning is), it is generally necessary for the teacher to
introduce the concept of teleology with a simple defini-
tion and some pragmatic, clear and self-evident exam-
ples. We suggest using a broad definition to capture and
discuss the great diversity of related notions associated
with teleology (purpose, goal, objective, function, etc.).
In this sense, it could be agreed in the class that all the
arguments that imply any of these notions will be con-
sidered teleological. We believe that it is better to adopt
a broad definition of this style and not a more technical
and restricted definition, for example, one according to
which only those explanations that imply intentionality
will be considered teleological. A definition that is too
limited could set aside some notions, such as “function,’
whose teleological character may not be evident, but
which would still be important to analyze.

Regarding the problem of which definition of teleol-
ogy to adopt in class, we suggest that it might be use-
ful to offer students a list of keywords that function as
indicators of teleological reasoning. These terms would
include “end”, “goal’; “aim”, “purpose’, “need’, “utility”
and “function”. However, in addition, taking up Ruse’s
analysis, it might be useful to propose that students
reflect on their own thoughts to detect when they are
thinking about organisms or their parts as if they were
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design objects. Finally, students must understand that
language is ambiguous and that interpretations depend
on context (for example, we can allow ourselves to use
certain teleological expressions that abbreviate speech
when we know that the public has a background knowl-
edge that will allow them to avoid misinterpretations,
while in other cases we will have to be more careful
with our language), so in class, there must be a climate
that encourages the expression of implicit ideas and
discussion of the meaning and scientific adequacy of
any ambiguous expression (the discussion of the sci-
entific adequacy of a specific teleological expression is
directly linked to the third objective: the regulation of
the obstacle).

In relation to the second aim (identification), it is use-
ful to propose that students identify other examples of
teleology in different contexts, such as texts, movies,
and documentaries. It is important to discuss examples
related to different topics with students, which will help
them to abstract the concept beyond specific examples.
Expressions such as “John got up early to see the sunrise’,
“flowers produce a scent in order to attract pollinators”
and “dolphins have a hydrodynamic form to swim bet-
ter” are clear examples of teleology concerning very dif-
ferent subjects. It is also very useful to analyze historical
sources, such as the writings of Darwin, who frequently
resorted to teleological language and explicitly defended
its use (see Lennox 1993), arguing its metaphorical
nature (a detailed proposal on how to work from this case
can be seen in Gonzalez Galli 2014). It is also convenient
for the teacher to provide examples that become gradu-
ally more complex, where the teleological assumption is
less explicit and evident. For instance, let us consider the
following expressions: (a) “the bacteria mutated because
they aimed to become resistant to the antibiotic,” (b) “the
bacteria mutated to become resistant to the antibiotic,
and (c) “the bacteria mutated because otherwise, the
antibiotic would have killed them” All three expressions
are teleological and, in this case, scientifically incorrect.
However, the teleological nature of these expressions is
not equally clear for someone who has yet to develop a
clear concept of teleology. In case (a), there is an explicit
reference to an objective, while in cases (b) and (c), the
objective is implicit, being less evident in (c) than in (b).

The third objective (regulation) implies that students
are able to identify teleology in their own reasoning and
productions, as well as in that of other people. In all
cases, students should also be able to assess the scientific
adequacy of the identified forms of teleology. To develop
this ability, it is necessary to increase the number of occa-
sions in which it is discussed why a particular expression
is acceptable or not. When students become involved in
this type of analysis, they not only learn what teleology
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is but also improve their understanding of the theory.
This is because discussing whether a given expression is
consistent with the theory forces students to discuss what
exactly the theory says about the world.

To facilitate vigilance of teleological obstacles, it may
be useful to use external elements of symbolic support.
An example of this type of support is a poster hanging on
the walls of the classroom with a phrase such as “Beware
of teleology!” These symbolic objects help students be
more attentive towards the appearance of obstacles in
different moments of the class and facilitate recurring
discussions on the subject (Astolfi and Peterfalvi 1997).

Summary and discussion

We have based this work on the analysis of the philoso-
phy of biology and cognitive psychology to, in line with
other recent analyses, argue that completely eliminat-
ing students’ teleological thinking is neither possible nor
desirable. We have reviewed studies of some authors
that suggest that explanations of adaptation based on
natural selection are teleological or at least that the con-
struction of those explanations requires students to turn
to the design metaphor beforehand. The design meta-
phor, which has clear teleological connotations, involves
analyzing organisms as if they were objects deliberately
designed to survive in their corresponding environ-
ments. We have also discussed the virtues that, from an
educational point of view, stem from this epistemologi-
cal perspective. Among these virtues, we highlighted the
resolution of the apparent contradiction between the
explicit negation of teleology and the simultaneous ubiq-
uity of teleological reasoning and language. On the other
hand, developments in cognitive psychology suggest that
all humans tend to analyze biological phenomena from
an “intuitive biology” point of view, for which teleology
is one of the fundamental assumptions. Such teleological
reasoning would be highly functional due to its heuristic,
predictive, and explanatory power.

In terms of our main educational concerns, we char-
acterized teleological thinking as an “epistemological
obstacle” given its transversal, functional, and potentially
conflicting nature in certain learning situations. Consid-
ering this theoretical framework, we argued that it would
be desirable for students to be able to carry out assess-
ments by using natural selection theory as a “theoretical
referee” to help them decide whether specific teleological
explanations are scientifically acceptable.

The discussion about which forms of teleology are
acceptable and which are unacceptable should not be
limited to classes dedicated to the theory of evolution.
Given that teleology is a crucial part of “intuitive biol-
ogy” (Inagaki and Hatano 2006), instances of teleologi-
cal reasoning will continuously surface in biology class.
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For example, teleological conceptions emerge not only
in relation to evolution but also in relation to functional
analyses in the study of anatomy and physiology (Rich-
ardson 1990). Because the design metaphor that under-
lies the adaptive perspective in evolutionary biology also
underlies the functional attributions that are carried out
in other areas of biology, such as anatomy and physiology,
the type of regulation we propose as an objective would
also be necessary in these disciplines. One possible way
to relate both areas (evolutionary biology and functional
biology) would be to adopt an etiological concept of
function (see, for example, Godfrey-Smith 1993). In that
case, consistency with natural selection would continue
to be the criterion for regulating teleological reasoning.
For example, it would not be acceptable to attribute the
function of generating pleasure in humans to the scent of
a flower because this could not be the reason why that
feature was selected. In this way, there should be multiple
opportunities to discuss what is meant by any teleological
expression and whether that expression is scientifically
acceptable.

We understand that the type of teaching work we sug-
gest can be understood as complementary to that stipu-
lated in proposals centered around conceptual change,
which is more focused on the generation of cognitive
conflicts, evidence analysis, etc. (Kampourakis 2014;
Sinatra et al. 2008). Concerning these types of propos-
als, it is difficult to describe the change in teleological
bias that is being sought as a conceptual change. Follow-
ing what was suggested in this work, the teleological bias
should not be modified but rather controlled.

As with any learning related to metacognition, the pro-
posed aim represents an ambitious goal that will require
long-term, highly demanding cognitive work. The high
level of abstraction is not the only difficulty of attempt-
ing to foster a learning experience of this type. Another
significant challenge is overcoming a perspective of tele-
ological errors that, even today, is very frequent in the
classroom.

In short, students should understand that while certain
teleological expressions may be wrong (because they are
not consistent with the theory of natural selection), oth-
ers may be correct. For this reason, the teleological cogni-
tive bias on which both incorrect and correct expressions
are based is in itself neither correct nor incorrect. How-
ever, this idea clashes with students’ tendency to evalu-
ate every way of thinking as either correct or incorrect
in absolute terms. Thus, in the case of the explanation
of adaptation, both (scientifically erroneous) preinstruc-
tional conceptions and conceptions most similar to sci-
entific theory would share a teleological assumption in a
broad sense.
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In relation the focus of this paper, much like Evans and
Rosengren (2018) point out, intuitive teleological rea-
soning may serve as a bridge between preinstructional
models and models that more closely adhere to scientific
theory. This is something that we, the teachers, should
bear in mind; moreover, it is something that, from a
metacognition perspective, students should be aware of.
In our role as education researchers, we recognize that
future in-depth investigations are required for a better
evaluation of these issues.

As shown in our analysis, there are continuities and
discontinuities between intuitive and scientific thinking.
Therefore, for instance, we could assume that the tele-
ological reasoning expressed in the question, “How does
trait X benefit its holder?’; is an aspect shared by biolo-
gists and non-biologists, while an ability to rely on the
theory of natural selection to “monitor” that reasoning
and make it a starting point for the construction of a sci-
entific hypothesis would indicate a discontinuity between
biologists and non-biologists. The differences among
both systems of thought can be understood in terms of
the theory of dual processing of cognition (Evans and
Stanovich 2013; Evans and Rosengren 2018; Thompson
2009). According to this theory, there is an intuitive, fast,
unconscious type of reasoning and, on the other hand, a
slow, conscious, and deliberative type of reasoning. Sci-
entific thinking would be related to this second type of
reasoning. The theory of dual processing assumes that
learning is not a linear process but a process that involves
a complex interaction between both systems of thought.
In accordance with Evans and Rosengren (2018), stu-
dents’ intuitive teleology (these authors speak of “tele-
ological realism”) would represent the first type of system
of thought, while a restricted form of teleology based on
a technical notion of biologic purpose would represent
the second type of system of thought. We understand
this analysis to be coherent with our proposal that teleol-
ogy constitutes a shared aspect between both systems of
thought. Therefore, it is possible that learning the theory
of natural selection (and other theories of biology), as
well as its use to explain certain phenomena, demands
metacognitive reasoning that requires a specific form
of interaction between the two thinking systems. Such
interaction requires, according to our analysis, the use of
a scientific theory (natural selection) to monitor the way
in which a component (teleology) present in the intui-
tive thinking system appears (in a different way) in the
scientific thinking system. This perspective of the role
of students’ intuitive teleology in the process of learning
immediately suggests that one of the main teaching aims
could be facilitating students’ development of the regu-
lation ability. This interpretation follows the metacogni-
tion research showing that one of the main differences
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between experts and beginners lies in the metacognitive
skills that allow experts to consciously regulate their cog-
nitive processes (Veenman 2012).

A distinctive aspect of our approach is the explicit
acknowledgment of the teleological nature of explana-
tions derived from natural selection theory. This aspect
poses some specific issues, for instance, the question of
whether the development of “metacognitive vigilance” in
the case of natural selection learning necessarily requires
an explicit discussion in class on the teleological nature
of explanations based on that theory. Such an analysis
would involve a level of abstraction that would be diffi-
cult in a typical high-school class.

We recognize that future research is necessary to evalu-
ate the scope and limitations of our proposal. In any case,
we hope that the ideas discussed here stimulate these
investigations and contribute to improving the teaching
of evolutionary biology.
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