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Abstract

In this work we present a review of the main ideas about the relationship between 
metaphor theories and scientific language. We go back to the origin of metaphor theory 
in its relation to scientific knowledge and how this relation evolved afterwards. Further-
more, we discuss some cases of cognitive and communicative process in teaching and 
learning to demonstrate the relevance of metaphor mappings and metaphor in discourse 
in understanding scientific concepts. 

Finally, we demonstrate the power of metaphors in communication and self-manage-
ment of chronic disease in the health domain. 

In this survey we show that metaphor of different types play different and important 

roles in the scientific language and its usage in scientific descriptions is inescapable.

Introduction

Metaphor and scientific language are polar opposite concepts for two main 
reasons1. First, as Max Black highlighted in his masterpiece “More about Met-
aphor” (1977), metaphor and scientific language are conceived differently by 
different scholars: Depreciators focused on trivial examples and maintained that 
the same meaning can be expressed using words in literal sense; on the other 
hand the Appreciators liked “vital” metaphors (Ricoeur, 1975), which are too 
creative and obscure to be useful in understanding the world following some 
method that could be approved by scientists, philosophers, mathematicians, 
and logicians (Black, 1977, pp. 433-434). 

The second issue regarding the conflicting relationship between metaphor 
and scientific language concerns the truth character of a metaphor. Science aims  
 

1 About this opposition see also (Frezza and Gagliasso, 2016).
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to assert ‘things’ that are literally true, but a metaphor is always a literally false 
sentence. 

These two parameters can produce very different metaphors, but often we 
refer to metaphor as if it is a monolithic concept. Instead, there are many ways 
of speaking about metaphors and in doing so often we do not refer to the same 
concept. 

In what follows, we present certain views on metaphors in science from both 
historical and theoretical perspective. This “epistemological life” of metaphor 
follows a path that is not linear; this will bring us to approach authors, points 
of view, and examples that are crucial to rehabilitate the role of metaphors as 
important tools to not only understand the world in general but the scientific 
world in particular. 

1. At the origin of scientific discourse and metaphor theory

At the origin of the argumentative discourse, in Greece, in the VI centu-
ry B.C., metaphors were considered one of the best oratorical tools and the 
only one that could be used without falling in excess and falsity. Aristotle in his 
Rhetoric argues that «[m]etaphor, moreover, gives style clearness, charm, and 
distinction as nothing else can» (Rhetoric, translated by W. Rhys Roberts, Book 
I Book III, 2) and that:

[…] strange words simply puzzle us; ordinary words convey only what we know 
already; it is from metaphor that we can best get hold of something fresh. When the 
poet calls ‘old age a withered stalk’, he conveys a new idea, a new fact, to us by means 
of the general notion of bloom, which is common to both things. (Rhetoric translated 
by W. Rhys Roberts, Book III, 10, 1410 b)

In a very modern way, Aristotle goes beyond, using analogy (the fourth type 
of metaphor illustrated in the Poetics) to understand something that was not 
known in domains that we typically consider scientific. 

For instance, in his On the parts of Animals, Aristotle mentions what now-
adays are known as ‘gills’, claiming that “while some <animals> have lungs, 
other animals have no lungs, but something else” that, ‘by analogy’, stands in 
the place of what a proper lung stands for in animals with it (On the parts of an-
imals (I, 645 b). Aristotle also underlines, showing again (surprisingly) modern 
intuitions, that the metaphor shows things under your eyes and fosters learning, 
and making speeches more pleasant. The Greek philosopher was probably the 
first one who defined a cognitive theory of metaphor and established a relation-
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ship between metaphor and categorization, and metaphor and the ability to see 
similarity2.

In summary, in the Greek world, metaphors and analogies were like citizens 
with all their rights: they were accepted in the rational and argumentative way to 
know the world, through ‘logos’.

Then, in the course of history of ideas and because of many social, cultural, 
and religious factors, they played minor and marginal roles. In what follows we 
examine some crucial steps in the path along which both metaphors and science 
had been seen as being separate, until epistemology rehabilitated it as an useful 
way to understand and represent reality.

2. After Aristotle

In Latin world, especially with Cicero (106–43 BC), a politician and lawyer, 
(considered one of Rome’s greatest orators and prose stylists) and Quintilian 
((c. 35 – c. 100 AD) a Roman rhetorician) metaphor has been considered a way 
to make the discourse more beautiful: Cicero wrote that metaphor was first in-
vented out of necessity, due to the pressure of lexical poverty, but then, as long 
as language became more mature, it became decorative and noble:

As clothes were first invented to protect us against cold, and afterwards began to 
be used for the sake of adornment and dignity, so the metaphorical employment of 
words began because of poverty, but was brought into common use for the sake of 
entertainment (De Oratore, 3. 155, translated by E.W. Sutton and H. Rackham).

Nevertheless, Quintilian’s ideas on tropes is still close to Aristotelian ‘cogni-
tive’ approach: 

I shall speak only of those tropes which are most important and most in use; and in 
regard to these, too, I shall content myself with observing, that some are adopted 
for the purpose of adding to significance, others for the sake of ornament; that some 
take place in words used properly, and others in words used metaphorically; and that 
tropes occur, not only in single words, but also in thoughts, and in the structure of 
composition (Insitutiones oratoriae, 8. 6, § 2).

2 Even if the word “metaphor” and the idea of meaning transfer is attested at least since Isocrates 
(See. John T. Kirby, “Aristotle on Metaphor”. The American Journal of Philology, Vol. 118, No. 4 
(Winter, 1997), pp. 517-554.
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Specifically, on metaphors, Quintilian affirms that the metaphorical change 
can be made 

either because it is necessary, or because it adds to significance, or, as I said, because 
it is more ornamental. Where the transference produces no one of these effects, it 
will be vicious. (Insitutiones oratoriae, 8. 6, § 5).

Both, Cicero and Quintilian, had a view of the metaphor as an abbreviated 
simile:

on the whole, the metaphor is a short comparison, differing from the comparison in 
this respect, that, in the one, an object is compared with the thing which we wish to 
illustrate. In the other, the object is put instead of the thing itself. It is a comparison, 
when I say that a man has done something like a lion; it is a metaphor, when I say of 
a man that he is a lion (Insitutiones oratoriae, 8. 6, § 8-9)

 
Over the centuries, rhetoric, progressively became more “restricted”, as Gen-
ette (1972) pointed out. While Aristotle’s perspective, that lasted also during the 
roman period, included, in rhetoric, all the steps of the creation of an argumen-
tative discourse (from conception (inventio), to organization (dispositio) and, 
eventually, speaking (elocutio) (Piazza, 2008)), in XX century, rhetoric only fo-
cused on the last part, producing lots of tropes categorization (Fontanier, 1821-
1830). As a consequence, tropes have been mainly studied as communicative 
tools, where “communicative” was referred to the final part of a discourse pro-
cess. In a parallel way, metaphor has been considered for a long time as part of 
this communicative side of a speech: an ornament of a discourse in the luckiest 
case. Something that is wrong and disturbing in the worst. Among these “worst 
cases” we find scientific knowledge and scientific writing. 

3. Science vs. natural language (and metaphors)

In the 18th century, during the Enlightenment, metaphors had been defined 
as a primitive way of thinking. Condillac, (1714-1780), just to give an example, 
wrote that metaphors were necessary at the beginning for the sake of clarity, 
but then they transformed into mysteries and ornaments (Essay on the origin of 
human knowledge (II, §137)). He maintained that metaphors, transformed in 
enigmas, were véstiges of the taste of the first ages, because human being did not 
have a better way to understand reality:
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As writing became simpler, so did style. As they forgot the meaning of hieroglyphs, 
they little by little lost the use of many figures and metaphors, but it took centuries 
for these changes to become evident. (Essay on the origin of human knowledge (II, 
§137)).

In Condillac’s view, hieroglyphics seem the cause of figurative language, and 
when hieroglyphics became abstract signs metaphors gradually decreased.

The Enlightenment philosopher César Chesneau Du Marsais (1676-1756), 
a grammarian author of the Traité des tropes (1730), in compiling the entry 
“Abstraction” for the Encyclopédie affirmed that metaphors are ways to amuse 
imagination. 

The views of the enlightenment scholars thus strengthened the opposition 
between metaphors and scientific language during a time that saw the defining 
period of scientific method and reasoning. They claimed that science must use 
formalized language, similar to mathematical (and logical) language, in order to 
have an unambiguous use of words and to be able to maintain the truth along 
the texts of a scientific discourse. 

In this way, they make a clear-cut difference between literary and scientific 
knowledge, depending on the different role played by language: in scientific 
language, vagueness, ambiguities, and polysemy were not allowed, along with 
all kinds of non-literal usages. 

Some decades later, Alexander Bain (1818-1903) a Scottish philosopher and 
educationalist in the British school of empiricism, reassessed the cognitive role 
of metaphors, by means of their closeness with similes: 

The metaphor is a comparison implied in the mere use of a term. 
When we say *his victory was brilliant,’ *he bridles his anger, we employ figures of 
comparison without saying so. 
The likeness is embodied in a single word, and that word is put forward as if it were 
the plain and literal name for the fact. 
Like all similitudes, Metaphors may (1) aid the Understanding, (2) intensify or work 
up a Feeling or Emotion, (3) give an agreeable Surprise. For the second and third 
effects, and also as a distinct aim, they are required to be in full Harmony with the 
subject, (See p. 14:5.)

An analogous view has been proposed also by Richard Whately (1787-1863), 
who interpreted Aristotle in the scholastic way: 

It is a remark of Aristotle, (Rhet. Book III, chap. Iv) that the simile is more suitable 
in poetry, and that metaphor is the only ornament of language in which the orator 
may freely indulge (Whately, 1846, p. 282).
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It was not until Max Black that metaphors were completely rehabilitated as a 
necessary reasoning device and as a scientific tool. 

4. Metaphor as a model for scientists and an inescapable conceptual schema: 
from Max Black to George Lakoff

In the twentieth century, some philosophers began to highlight the ‘necessity’ 
of metaphors in language and even in scientific reasoning.

Max Black, in primis, highlighted that metaphors are necessary cognitive de-
vices non-translatable in a literal paraphrase. He stated that there is not a neutral 
literal meaning in which every non-literal sentence can be paraphrased. For ex-
ample, we can not say “Juliet is the sun” in a more literal way, keeping the same 
meaning. Black also fixed the general structure of a metaphorical text: every 
metaphor is constituted by two parts: frame and focus. 

Taking the sentence “The chairman ploughed through the discussion”, the 
the verb ‘to plough’ is the focus and the rest of the sentence is the frame. 

In traditional view the focus is on the word used metaphorically in the literal 
context offered by the frame. In Black’s view (interactive view), these two parts 
of the sentence are considered two subjects that interact and generate a new 
meaning. For example in the sentence “Man is a wolf” the meaning will emerge 
during the communication between speaker and hearer: the speaker is commit-
ted to acceptance of a set of standard beliefs shared in her speech community. 

A hearer will be led by the set of implications to construct a corresponding 
system of implications about the principal subject. Eventually, properties of the 
main subject will interact with those of the secondary subject. This interaction 
produces a new meaning in which both concepts are different from their respec-
tive literal original meaning. Man will inherit the properties of a wolf and the 
wolf will appear more human.

Black, moreover, extends this coupling strategy to the usage of models in 
science. Scientific models share with metaphors the same reputation problem:

Those who see a model as a mere crutch are like those who consider metaphor a 
mere decoration or ornament. But there are powerful and irreplaceable uses of 
metaphor not adequately described by the old formula of “saying one thing and 
meaning another.” (Black, 1962, Models and Archetypes, pp. 236).

But, most importantly, scientific model works actually as metaphors do:

Use of theoretical models resembles the use of metaphors in requiring analogical 
transfer of a vocabulary. Metaphor and model-making reveal new relationships; both 
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are attempts to pour new content into old bottles. But a metaphor operates largely 
with commonplace implications. […] but the maker of a scientific model must have 
prior control of a well-knit scientific theory if he is to do more than hang an attractive 
picture on an algebraic formula (Black, 1962, Models and Archetypes, pp. 238).

Reputation problems of metaphor got definitely better since 1980 -when 
Metaphors We Live By, the groundbreaking work of Lakoff and Johnson, first 
came out. Post this work metaphors have no longer been considered as orna-
ments of a discourse or a text. As for the scientific field, given that metaphors 
started as being considered as necessary cognitive devices, it has since been ac-
cepted that metaphors strongly influence the way we see the world and, also, 
build our scientific language (Lakoff & Nunez, 2000). 

George Lakoff, Mark Johnson and the scholars of the Berkeley group estab-
lished forever, and in every field, that metaphors are pervasive in everyday life, 
in our thought and action, not only in language (e.g., Lakoff and Johnson, 1999 ; 
Grady, 1997a, 1997b). That is why we are able to communicate, even if, because 
of individual differences, perception is a universally shared literal experience 
that produces the image schemas based on our basic concepts: the container 
concept, orientation schemas, substances, and objects. 

These primary metaphors are conventionalized and “dead” metaphors. No-
body perceives a sentence as “We have a warm relationship” as a ‘metaphor’, 
even if there is the conceptual metaphor “AFFECTION IS WARMTH” behind 
it. Nevertheless, we also find variation in metaphors, because different cultures 
conceptualize things in different ways, selecting different source domains:

Examples of this kind of variation abound: Love is conceptualized as a journey, 
unity, hunting, and so forth, in many cultures, including English, Hungarian, and 
Chinese, but in certain dialects of Chinese love is flying a kite (Yang, 2002); anger 
is understood as a fluid or gas in many cultures, but in Zulu anger is understood as 
objects in the heart (Taylor and Mbense, 1998 ); life is commonly viewed as a journey 
or struggle, but in Hmong it is viewed as a string (Riddle, 2000). (Kovecses, 2005, 3).

We can consider science as one of the subcultures in which there is a great 
level of variation, given the level of creativity in scientific discoveries. In this 
regard, literature and non-formal language are close to science and to scientific 
language. 

The relationship between conceptual metaphors and creativity has been ex-
plored by Lakoff and Turner in the book More than Cool Reason (1989), in 
which they demonstrate that the same conceptual mechanism that generates 
dead linguistic metaphors also allows the creation of new metaphors. For ex-
ample, the same conceptual metaphor “LOVE IS A JOURNEY” can generate 
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a conceptual new association like “Argument is a difficult journey” or a creative 
text like Robert Frost poetry The Road Not Taken: 

Two roads diverged in a wood, and I–
I took the one less traveled by,
And that has made all the difference.

Lakoff and Turner (1989) identify extension, elaboration, questioning, and 
combining as the principal processes in place when conventional everyday 
metaphors are used in poetry.

Both kind of metaphors play a role in scientific knowledge; this we will see 
in a moment. And nowadays, the debate is focused precisely on specific issues 
about:
– what kind of metaphors work better in different scientific fields (Semino et 

al. 2017); 
– what are the properties that make metaphors good for teaching and learning 

(Cameron, 2003); 
– Do scientists always use metaphors deliberately (Steen 2015); 
– what impact do conceptual metaphors have on our actions, emotions, and 

reasoning strategies (Ervas and Sangoi, 2014; Ervas et al. 2015). 
To hypothesize answers, we will investigate some case studies adopting 

Gerard Steen’s three-dimensional model of metaphor (Steen, 2008). This ap-
proach requires us to consider three specific functions of metaphors: 
1) the linguistic function, particularly evident in naming things for which we 

don’t have a specific term;
2) the conceptual function, which provides a frame for interpretation;
3) the communicative function, when metaphors are used to induce a change in 

the view in the listener meaning.
As we shall see, all these levels matter as much in the evaluation of metaphors 

in the scientific domain as in the fields under consideration here. 

5. Two case studies: education and health domains

In order to find concrete answers to these questions, we will take some 
examples from education and medicine, two fields for which the relationship 
between cognitive processes and the linguistic/communicative level is crucial. 
They are indeed both relevant to understand the power of metaphor in shaping 
our way of conceptualizing the world and thus acting on it. 



Learning science: understanding the world through metaphors

35

5.1 Education

Many studies have been devoted to the role of metaphors in education3. In 
the learning process we find metaphors in a twofold role. On the one hand, giv-
en the relevance of communication process in the relationship between teachers 
and students, metaphor matters for all those communicative advantages that 
make texts more effective, as Lynne Cameron claims in her book Metaphor in 
educational discourse (2003, p. 2). On the other hand, the mapping (analogical) 
mechanisms, peculiar to the conceptual side of metaphors, makes metaphors 
cognitive artefacts that are necessary to understand new concepts (as Gentner 
and Stevens, pointed out in 1983). 

Metaphors, in their cognitive dimension, assume two main aspects: on the 
one hand they help understanding new ideas throughout concepts that are bet-
ter known; on the other hand, metaphors actively structure scientific theory. 

These effects are also a matter of language, given that metaphor is one of the 
devices available to the scientific community to accomplish the task of accom-
modation of language to the causal structure of the world (Boyd, p. 483).

We will see some examples, one for each side, to explore how metaphors 
allow us to scientifically understand the world and for this reason -not just for 
‘rhetorical’ reasons- present a device to teachers (who have to accomplish the 
task of reducing alterity between their knowledge and those of their students) 
(Cameron 2003).

All the levels (cognitive, linguistic, and communicative) are strictly intercon-
nected, but we focus here on each single aspect for the sake of methodological 
clarity.

5.1.1 Communicative/discourse level of metaphors in education

Communicative level has a strong impact on individual understanding in the 
education process.

The text in fig. 1 is a record of a dialogue between a teacher and a student, 
reported by Lynne Cameron (Extract 5.2 Deliberate metaphors in discourse: the 
volcanic lava episode), p. 103):

3 Among the most recent and relevant works: Wan and Low (Eds) (2015); Low 2017; Ligorio, M. 
B., Iodice, M., & Manca, S. (2016). Ervas-Gola-Rossi (Eds.), 2017.
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The teacher, in explaining the process of the formation of igneous rocks, 
makes a deliberate comparison of volcanic lava with:
– sticky treacle 
– runny butter
while a student suggests a third comparison with:
– wax.

Among these three metaphors only the second one (runny butter) preserves 
the structure of the source domain in the target domain. It is, then, really an 

Figure 1. An extract of a discourse in a class about volcano (reported in Cameron, p. 103).
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analogy, because it keeps the same ‘relations’ systematically within the concep-
tual domains: heating butter causes it to change in ways parallel to a heated rock 
(lines 34-8). “Treacle and wax are not analogies in this sense, since treacle does 
not need heat to change it to a liquid, and wax, once melted, does not further 
change its form as it gets hotter” (Cameron, 2003, p. 104). Nevertheless the 
whole discourse is very important from the point of view of the pedagogical 
action in which the teacher’s goals are to enhance students’ understanding. The 
initial state of understanding tries to stimulate background (and shared) knowl-
edge of students, derived from watching volcanoes on television. Starting from 
these shared understanding, gradually teacher and students come closer (and co-
operate in the discourse) to an understanding of the formation of igneous rocks. 

This analysis demonstrates the development of understanding in an interac-
tive thinking process. In this interaction the communication process mediates 
the conceptual distance between participants (teacher and students); the inter-
action is facilitated by deliberate and conventionalized metaphors. Metaphors, 
in this respect, help to bridge the gap between concepts and the discourse (fig-
ure 1 - 5.2 Cameron, 2003). 

5.1.2 Conceptual level of metaphors in learning science 

At a conceptual level what makes the metaphor illuminating in scientific rea-
soning is the focus on common relational abstraction.

Gentner has highlighted this process since the Eighties, arguing that in modern 
science metaphor shifted to analogy in representing scientific knowledge. 

Gentner and Jeziorski (1994) have highlighted this process since the Eighties, 
arguing that in modern science metaphor, considered as an analogical reasoning, 
contributed to represent and teach scientific knowledge. Analogy can indeed 
be “viewed as a kind of high selective similarity. In processing analogy, people 
implicitly focus on certain kinds of commonalities and ignore others […] This 
focus on common relational abstractions is what makes analogy illuminating” 
(Gentner and Jeziorski, 1994, p. 448)

It is only in the process of understanding a phenomenon analogically that 
we frequently discover alive and creative metaphors. Indeed, for Gentner and 
Jeziorski, ‘creative’ does not mean chaotic. Gentner compares alchemists, who 
used many metaphors in an excessive and disordered way, and authors such as 
Boyle and Carnot, who instead used analogy to infer to the structure of local mo-
tion and heat. Scientific analogies are creative because they match two domains 
not conceptually related before, under the condition that relationships between 
them are systematic and coherent.
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In the image (fig. 2) we see, for example, a representation of the relationships 
that Boyle established between the activity of ants to move mass eggs and the 
behaviour of the small particles. Boyle was indeed formulating the hypothesis 
that particles involved in local motion should be small enough to penetrate the 
object. To demonstrate this, Boyle compares particles in local motion to the 
behaviour of ants moving their eggs. although each ant is much smaller than the 
mass of eggs it carries, the ability of each ant to “penetrate” the egg mass and 
move one egg causes the entire mass of eggs to be displayed. 

 

Fig. 2. Reproduced from Gentner and Jeziorski 1994, p. 460, fig. 20.3. Boyle’s analogy: 
the common relational structure for ants moving eggs and wind blowing leaves.
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This kind of mapping, even if it does not bring about a ‘scientifically’ 
true theory, conforms to the principles of analogizing; it adheres to the six 
properties, as pointed out by Gentner and Jeziorski (1994, p. 450), that makes 
the correspondence between two domains coherent, systematic, relational, and 
not causal (see fig. 3).

Fig. 3. Reproduced from Gentner and Jeziorski, 1994, p. 450.

An analogical mapping that satisfies these requirements, in a more modern 
period in the history of science, is Carnot’s (1796-1832) analogy between the 
motive power of heat and the motive power of water. Carnot introduced the 
parallelism in which just as the amount of power produced by a fall of water is 
limited, the power attainable from a given transfer of heat is limited. He then 
establishes the correspondence between the amount of substance (water or ca-
loric) that “falls” and the distance of the “drop” between levels. This is actually 
a systematic relational structure, typical of modern scientific practice (Gentner 
and Jeziorski, 1994, p. 453).

5.1.3 Conceptual level of metaphors in formulating new scientific theories 

Carnot’s analogy was not just a strategy to make a theory more comprehensi-
ble. In Carnot’s Reflexions we can read how this analogy helped the scientist to 
formulate the theory, to give a structure to his hypothesis.
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That a theory has been formulated as a consequence of a process of analogiz-
ing is a recurring theme in the history of science. The development of theories 
on the structure of atoms substantiates this claim.

Niels Bohr and Ernest Rutherford, in 1913, depicted the atom as a small, 
positively charged, nucleus, surrounded by electrons that travel in circular or-
bits around it. This depiction was analogous to the structure of the Solar Sys-
tem, with the difference that the attraction in the case of atoms was provided 
by electrostatic forces rather than by gravity. While the Bohr model has been 
superseded, nevertheless it helped to lead the way to a modern quantum me-
chanical model of the atom. But, on a different perspective, specifically one pro-
posed in Sparks of genius (2013) by Robert and Michel Root-Bernstein, Bohr’s 
model helped in formulating the quantum theory. The analogy between the atom 
structure and the solar system is still valid as it represents the idea that there is a 
nucleus and some particles around it. But the analogy was literally false – since 
the beginning – about other aspects that remained unanswered: “the orbits were 
continuous and could occur at any distance from the nucleus, so why was the 
energy given off by atoms limited to specific frequencies? What “tuned” the 
atoms, keeping their electrons in certain paths with certain amounts of ener-
gy? How was it that they could jump from one path to another, as from the 
note A to C, but never performed a glissando in between?” (Root-Bernstein and 
Root-Bernstein, 2013, p. 136).

After Bohr, other scientists adopted new analogies to try to answer scientific 
questions: Planck used a musical analogy to compare the electron orbits with 
vibrating strings, and applied mathematics valid for the source domain to the 
target domain.

The metaphor “electrons are strings”, reviewed by De Broglie, is at the base 
of the Magnetic Resonance Imaging (MRI) machines. 

One of the consequences of De Broglie’s idea was that if electrons literally 
behaved like strings, then electrons were both particles and waves. This seemed 
absurd, because any particle, in that case, should have a “wavelength”. But in 
1927 G. Davisson and L. H. Germer, two American physicists, developed the 
tools necessary to “listen” De Broglie’s atomic harmonics, and they found them. 
Eventually Davisson, Germer, and de Broglie were awarded Nobel Prizes for 
their efforts (1929). 

Even though subsequent developments in quantum mechanics made the 
analogy between atoms and orbital model or musical instrument no longer via-
ble, the insights of Planck and De Broglie is deeply tied to modern physics: 

Why an analogy that we now “know” to be “wrong” could yield such basic and 
empirically verifiable insights is a mystery – a mystery that lies at the heart of all 
analogies. How and why do things that correspond only inexactly to whatever we are 
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trying to explain nonetheless provide us with useful insights into real phenomena? 
(Id., p. 140).

An explanation can be found: “real phenomena” are always mediated by our 
senses, that neither limit or liberate us, but rather are the only possible route to 
understand and perceive the “unknown”. The only way we can perceive and 
understand the unknown is by the means of analogies to the known. This mech-
anism is implemented at the linguistic level, in which we find data coherent to 
the perceptual experience; the perceptual experience then has a feedback effect 
on the conceptual level and thus on our action. Like other fields, as in scientific 
language, we only learn by means of language.

Reverting back to education on the dialogue between teacher and students 
on igneous rock, we see that learning occurs through verbal communication. We 
find some sub-technical metaphors that are the bridge to language of specialist 
groups. 

The language of specialised groups often makes use of metaphor to create 
technical discourse. Learning the technical language is part of becoming a mem-
ber of the scientific community. Part of the role of school education is to intro-
duce students into specialised discourses of different subject areas. In doing so, 
metaphors may also be used to simplify ideas, in the process generating a kind 
of sub-technical language, and training to use analogical and creative reasoning. 

In scientific texts, even though the use of metaphors is not encouraged, a 
lot of common terms are metaphorical. For example, we have a large amount 
of words that belong to information theory, but are part of molecular biology: 
code, transduction, translation, control, among many others. 

Nevertheless, in science writing, we still find that people, including scientists, 
are divided on the use of metaphors in dissemination, scientific writing and –of 
course- education.

But, at this point we have to admit that: scientists use analogies also to formu-
late theories, and metaphors are a way to accommodate language to the causal 
structure of the world (Boyd, 1994). So, if it is true that scientists need to use 
metaphors to communicate, what about the rest of the population? (as asks 
Caleb Sharf (2013)). Can we escape from metaphors? 

If studies on reflection on framing effect (Lakoff and Kovacses, 1987) is true, 
then the answer should be no, we can’t escape from metaphors. We can at most 
try to change it (Kovecses, 2015). 

The possibility to make a change, selecting the most appropriate conceptual 
metaphor, is particularly studied in poetry, but it is crucial in domains as diverse 
as education, science, and health. A very famous experiment (Thibodeau and 
Boroditsky, 2011) ) showed, for example, that people adopt different responses 
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to crime when it is presented as either a ‘beast’ or as a ‘virus’ ravaging society, 
demonstrating that metaphorical contexts highly affect our reasoning. This is 
also why it is so difficult to change frames, and not only escape from metaphors. 

This experiment shows that metaphors are necessary, but in the same time 
they bring some risk as for the impact in our (scientific) views of the world. 
Metaphors are really resistant, thanks to the associate and implicit framing ef-
fect. This resistance is not always good because the evolution of the scientific 
knowledge often requires innovation. In addition different metaphors can have 
different social impact. This can be explored in a particular scientific field: the 
domain of health.

5.2 Health

In the health domain also we can explore the correlation between the com-
municative, linguistic, and the conceptual levels.

Medicine is a crucial point of interest for scientific metaphors, because we 
have to face the necessity to allow ‘normal’ people to understand complex con-
cepts, plus, there is (often or maybe always), an emotional bias to take into 
account. Emotional bias and communication strategies have an impact on the 
effects of health campaigns , physician-patient interaction, and might play a role 
in the healing process (Street et al. 2009; Street 2013). 

One of the pioneering works that initiates a debate in this field is Gibbs and 
Franks (2002) paper Embodied metaphors in womens’ narratives about their ex-
periences with cancer. This work demonstrates that metaphorical talk about can-
cer reflects enduring metaphorical patterns of thought. Women used multiple, 
sometimes contradictory, metaphors to conceptualize their complex cancer ex-
periences. This transcript (spoken by a woman recovering from colon cancer), 
reflects the usage of metaphors in medicine:

Well, when this happened I was working very hard…and this woke me up to my own 
limitations, into recognizing that I was…that I was putting myself at risk through 
almost total lack of attention to my own needs and my own physical resources. And as 
I said before as my role as a caretaker, taking care of my husband, taking care of work, 
taking care of his business and kind of doing all these things to keep everything going, 
and myself being lost in the process. And this forced me to either die, which I could 
have done, or figure out a better balance. 
And I think it’s stripping away a lot of things that don’t matter that I’ve kind of let go…
it’s forced me to make some priorities and not push myself over the edge to make some-
one else…to make it right for everybody else…and figuring out that it’s not my job to 
do that anyways. But I think I’m, you know, a short phrase would be just learning…
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it’s a wake-up call to turn my attention to what I have to do to survive…But it’s also 
translated itself into…part of surviving is having some sort internal peace and balance 
that I didn’t have before (Gibbs and Franks, 2002, p. 139-140).

This fragment reveals several systematic metaphors that structure the narra-
tive: 
– the idea that “living a healthy life is achieving physical balance” (e.g., “figure 

out a better balance” or “surviving is having some sort of internal peace and 
balance that I didn’t have before”), 

– the concept that “cancer is a wake-up call” (e.g., “it woke me up” and “it’s a 
wake-up call to turn my attention to what I have to do to survive”), 

– or a “physical force” (e.g., “this forced me to either die…or figure out a bet-
ter balance” or “It’s forced me to make some priorities”), 

– and that “Life is a journey” (e.g., “myself being lost in the process” or “push 
myself over the edge”).

Conceptual metaphors structure our thinking about our body, our health 
status, and our relationship with them.

In the experiment we are describing, patients were using mainly five con-
ceptual metaphors: cancer as insanity (and/or chaos), as a natural disaster, as an 
animate character, as a battle, and as something that splits apart or divides. Phy-
sicians, instead, framed the communication with fewer and -in a sense- poorer 
metaphors, such as “the body is a machine” and “illness is a battle within the 
body”.

All this is obviously reflected in language, as we can see from the reported text.
In more recent works, the need to select good metaphors and words has been 

affirmed and guidelines have been produced4 to encourage media, caregivers 
and physicians to become aware of their own metaphors, in the process demon-
strating the ability to frame their communication by selecting words based on 
the context that depends upon individual persons and situations. The main rea-
son for this shift is the fact that the most used metaphor (cancer is a battle) has 
turned out to be useless or even dangerous in many cases. This frame, indeed, is 
interpreted (most of the time) not as a challenge to win through therapies, but a 
solitary war between the self and the disease. That is particularly bad for people 
diagnosed with cancer and are coming to terms with it. Such framing, rather 
enabling a fight against the disease, ends often making the patient feel guilty for 
not being able to win against cancer in the process somewhat obscuring, for the 
patient, the limitations of the therapy (which is the real cause of non-improve-

4 Among them the guidelines for writing about cancer produced by Cancer Institute NSW 
(Australia): https://www.cancerinstitute.org.au/about-us/media/writing-about-cancer-guidelines.
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ment in patient’s condition). This framing of cancer as a battle, which still per-
vades prevention campaigns all over the world, furthermore, also turns out to 
be useless in promoting preventive behaviours towards the disease (like limiting 
smoke, doing physical activity, eating natural food, etc.) or more frequent diag-
nostic control, as has been demonstrated -among others- by Hauser e Schwarz, 
in their paper The War on Prevention: Bellicose Cancer Metaphors Hurt (Some) 
Prevention Intentions. The findings of their experiments, in combination «cast 
doubt on the benefits of a metaphorical frame that has come to dominate public 
discourse about cancer: cancer as an enemy against whom we ought to wage a 
war “as aggressive as the war cancer wages against us” (Obama, cited in Lennon, 
2009)» (Hauser and Schwarts, p. 74.)

Elena Semino, who has devoted substantial research effort on this topic, sug-
gests that we need a richer menu of metaphors, which use other source domains, 
like journey, for example, to allow people a better disposition to adopt preven-
tion/limitation behaviours or to cope with the disease in a psychologically better 
way (Volterrani, 2017; Semino et al. 2016; Street, 2009; 2013). Experimental 
studies in this field are not many (Ervas, Macagno, Rossi, Salis, 2016, p. 104), an 
exception being Naik et al. (2011) and (Rossi-Bigi, forthcoming). In Naik et al. 
(2011) the authors compared two groups of patient suffering from diabetes: one 
group was trained through a traditional health system-based diabetes education 
program, the other one received empowerment through a team-based, active 
learning approach, in which an introductory session was offered. In this session 
the expert gave relevant information about the parameters of the disease using 
a weather metaphor (fig. 4). 

It turned out then that people who were informed using the weather as a 
source domain of a metaphorical projection on the status of hemoglobin, blood 
pressure, and density of lipoprotein were more informed and aware of their 
health. The reason for the effectiveness of this strategy is 

because it uses low-literacy pictorial icons that have similar meaning across many 
populations, and because weather prediction is a widely understood concept for risk 
prediction (with the added benefit of conveying an understood sense of error and 
uncertainty in weather prediction). Participants in the current study appeared to 
comprehend and work very quickly with the information presented […] and moved 
towards linking the ABCs to their daily activities (Naik et al., 2011, p. 388).

Macagno, Rossi, and Bigi (forthcoming) instead collected diabetes meta-
phors used in the context of diabetes care from 53 videos of follow-up con-
sultation. They classify metaphors along the lines of conventional and creative 
metaphors and based on their functions/dimension (we use this approach in the 
paper (Steen, 2008)):
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1)  the linguistic function: giving information
2)  the conceptual function: framing/decision making
3)  the communicative function: relational/rapport building (cfr. p. 231).

They mainly highlight two different types of educational metaphors provided 
deliberately by doctors: conventional metaphors and creative metaphors. The 
results of their study highlights that in both cases doctors use metaphors to ex-
plain diabetes functioning and self-management. Even if “there is still a lot that 
we do not know about the metaphors’ communicative effectiveness”, neverthe-
less, they conclude that 

diabetes, deliberate metaphors might help patients to understand the reasons for a 
specific treatment and educate themselves towards self-management. Metaphor as a 
framing device is indeed able to shed light on the disease in a way that it becomes 

	

	
Fig. 4. Reproduced from Naik et al. 2011, p. 385: Empowerment intervention diabetes 
ABCs forecast worksheet.
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understandable to the patient. Metaphor as perspective changer might then not only 
support patient’s motivation to undertake and continue the therapy, but also give 
them another angle from which to approach their disease. In the new perspective 
achieved, in the interaction with the doctor, metaphors might change (or at least 
solicit for a change) patients’ experience of illness, as well as their self-perception 
(Ervas, Macagno, Rossi, Salis, 2016, p. 107).

Thus it can be predicted that on one hand all the levels of metaphors can have 
a relevant role in improving the effectiveness of doctor-patient communication, 
in the process empowering patients in self-management; and on the other hand 
it can be predicted that making doctors aware of metaphor mechanisms can be a 
worthwhile exercise because it will enable them to choose better metaphors, for 
example those ones in which the source domain is easily understandable and/
or translatable in pictorial representation, or metaphors selected from patiens 
because they feel more confortable with a certain source domain.

6. Science through natural language, metaphors and art

A foray through metaphor theories does lead to the conclusion that the diver-
gence between metaphor and science is almost over and that in near future we can 
imagine narratives, metaphors, and scientific thinking following a similar direction. 

Before we end we need to address some questions we asked at the beginning 
of this survey: 
–  what kind of metaphors work better in different scientific fields?
–  what properties make metaphors good for teaching and learning?
–  Do scientists always use metaphors deliberately? 
–  what is the impact of conceptual metaphors on our actions, emotions, and 

reasoning strategies? 
Following from our discussion, we can argue that a scientific metaphor has 

to be internally systematic and coherent; the source domain has to be familiar to 
our interlocutor, reader or ‘public’; scientists and experts very often use conven-
tional metaphor without being aware of it, and sometimes use it deliberately, es-
pecially creative metaphors for educational purposes; the impact that metaphors 
have on actions, emotions, and reasoning is quite high in all the fields, especially 
in teaching/learning processes, both in formal case (at school for example) and 
in informal situations (like in the healthcare domain).

In order to enable effective communication, the use of metaphors in science 
and by the scientists should be promoted. 

This shift has already been encouraged by Theodor Brown’s, who in his 
paper The Art of the Scientific Metaphor in which he writes: “Metaphor imbues 
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the creative arts. This suggests that creativity in science and in the arts is not 
fundamentally different” (See also: Brown, 2003), as Ruth Padel also claims 
in her text The science of poetry, the poetry of science (2011): “poetry and 
etc...” ). Or the volume of Ruth Padel The science of poetry, the poetry of science, 
in which she claims that “poetry and science […] both depend on metaphor, 
which is as crucial to scientific discovery as it is to lyric and that a new meta-
phor is a new mapping of the world”. 

These latest developments suggests that the role of metaphors in science is 
closer to narrative metaphors than to structured analogy, blurring also the dis-
tinction between language and thought, discourse and logical reasoning, which 
appear instead strictly interlaced, almost sides of the same medal. 
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