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Abstract Today, scientific literacy has become increasingly
important as a hallmark of citizenship and as a way to facilitate
many of life’s daily decisions. Scientific literacy can be achieved
through learning, a complex lifelong process that occurs both in
school and out-of-school settings. Asmost adults only engage in
formal education about science during compulsory schooling,
all the learning that people go through in out-of-school settings
and beyond compulsory schooling becomes extremely impor-
tant toward the scientific literacy of the individual. The learning
process in out-of-school settings requires interest from each
person and can be facilitated by various agents, for example,
museums. This is particularly true for Earth sciences as Geology
topics are rarely taught within the science curricula during
school. The Museu Nacional de História Natural e da Ciência
provides realistic experiences that engage different publics into

science and thus enhances the public science literacy. It is
expected that by enhancing people’s Earth sciences literacy, it
will also enhance their awareness of geological heritage.
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Introduction: Science Literacy and Geoscience Literacy

Science is a key component of cultural literacy. Today, being
scientifically literate is becoming more and more important not
only because of all the technology that surrounds us but also,
and mainly, because of all the environmental, health, and re-
sources management issues that do affect us all to some extent.
The acquisition of scientific knowledge and understanding of
the process leading to the production of science and technology
is essential to acquire the necessary skills for the exercise of
citizenship and to contribute to life in a sustainably developed
world (Reis et al. 2011).The expression “science literacy” seems
to have appeared for the first time in the late 1950s. Several
authors (e.g., Laugksch 2000; DeBoer 2000; Holbrook and
Rannikmae 2009) trace it back to a Paul Hurd’s paper from
1958 entitled Science Literacy: Its Meaning for American
Schools. This concept has evolved with time, and despite all
definitions that can be found through the literature (Laugksch
2000; DeBoer 2000; Holbrook and Rannikmae 2009), there is
some consensus among authors in that there is more to science
literacy than just knowledge. It is a multidimensional concept
that involves knowledge, skills, and attitudes. Being scientifi-
cally literate implies not only being able to understand scientific
concepts, such as facts, vocabulary, concepts, history, and phi-
losophy, but also the ability to apply this knowledge in daily life
situations, for example, conversations about science,
questioning statements made by others about scientific matters,
being able to answer questions, being able to decide on
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environmental and natural resources exploitation and manage-
ment issues, and being able to decide about their own health and
well-being (Burns et al. 2003; Hazen and Trefil 2009). Thus, the
purpose of scientific literacy, rather than becoming very knowl-
edgeable and being able to produce science, is being able to use
science in our daily lives, particularly when making decisions
that can affect ourselves, our families, and even the whole
society. Science learning can be considered a lifelong endeavor
that concerns attitudinal and behavioral change as well as
changes in conceptual understanding (Falk et al. 2007).

The exponential growth of scientific knowledge and the
increasing specialization of scientific disciplines have hindered
knowledge’s dissemination outside the scope of the communi-
ties of specialists who have produced it. Though is not difficult
to find that knowledge in books or in the media, it can still be
difficult to those who do not belong to the scientific community
to access it. The fact that one can read, watch, or listen does not
necessarily mean one can actually understand it. In fact, science
has already reached such a level of complexity that if one does
not possess a considerable background of scientific knowledge
(which in itself might excludemuch of the population), it can be
hard to access and interpret that kind of information (Gil 1999).
That being said, it is ironic that it might even not be enough to
be a scientist to be scientifically literate. In fact, it is quite
common that a scientist outside its one field of expertise is just
like a layman, knowing as much or eventually even less than
the average citizen (Hazen and Trefil 2009; Falk et al. 2007).
So, as the Portuguese sociologist Boaventura Sousa Santos
(2007) would say, both the scientist and the layman are igno-
rant, but the first is an expert (someone who knows much about
something and not much about everything else). The second is
a broad ignorant (someone that does not know much about
anything but a little something about most things).

The way one achieves science literacy is through learning.
Learning is a complex process that involves acquiring knowl-
edge and skills (Falk 1997). It occurs both in formal domains
(school) and nonformal and informal domains (outside school).
This process is assimilative, dynamic, and cumulative, and it
occurs all throughout a lifetime, and it can sometimes happen
gradually or, in other times, instantaneously (Anderson et al.
2003; Rennie et al. 2003; Falk and Adelmar 2003). It involves
constructingmeanings by forming links between existing knowl-
edge and new situations (UNESCO 1998). Learning consists of
applying knowledge and skills that were acquired and refined in
the past, through past experiences, to new experiences, occurring
now, in some kind of physical context, which can bemediated by
the actions of other individuals. This process is both and simul-
taneously cognitive and emotional, so learning is not just about
reason (Falk 1997). Learning can be induced or facilitated by
precursors which are something (exhibition, book, business, etc.)
or someone (other individuals), that somehow induce a specific
individual to become more interested in a subject such as, for
example, science and technology (Rennie et al. 2003).

Within the domain of formal education, the case of Geol-
ogy is peculiar. In secondary schooling (preuniversity school-
ing), Mathematics, Physics, Chemistry, and Biology are part
of sciences curricula all over the world, and they are usually
treated as individual subjects or at least in an even way.
However, the same cannot be said about Geology: in most
European countries and even worldwide, a few Geology
topics are scattered through other subjects, but Geology usu-
ally does not exist as an independent subject (Fermeli, 2011;
Orion 2007a). Portugal is a peculiar case: in the years preced-
ing secondary schooling, Geology topics are also scattered
through disciplines such as natural sciences and geography.
However, in the 3 years of high school, Geology is supposed
to be treated in equal terms as Biology. In the first 2 years,
there is a subject named “Biology and Geology” (which not
long ago used to be called “Earth and Life Sciences”), and in
the last year, Geology can be chosen as an optional subject.
But this is not a popular choice among most students, so some
schools do not even provide that choice, arguing that either
there are not enough students to form a class or that there is no
teacher with proper qualifications.

It is pertinent to ask if Geology is important, and if so, why
should it be included in the realm of science literacy?

Here are a few reasons:

& Geology as an Earth Science is an integrated science that
brings together Biology, Chemistry, and Physics as they
apply to the processes of the Earth, so learning about the
Earth supports the development of problem-solving and
critical-thinking skills (http://www.earthscienceliteracy.
org/). It is also argued that Earth science should be part
of the core of sciences school curricula not for the sake of
preparing the future earth scientist but for the sake of
preparing future scientifically literate citizens (King
2007), as it allows to develop certain thinking skills that
are usually best developed within Earth sciences than in
other scientific domains such as 3D thinking skills, devel-
opment of deep time dimension, thinking simultaneous
within time and space dimension, development of cyclic
thinking, and development of system thinking (Orion
2007b).

& Biodiversity is largely dependent on geodiversity. New
disciplines, i.e., Geobiodiversity and Geobiology, have
already established themselves.

& Geodiversity is an essential part of nature, and it is deeply
connected with the biosphere, so in order to understand
nature, and indeed to understand our planet and protect its
natural heritage (and even our cultural heritage), one nec-
essarily needs to know about Geology.

& “If you cannot grow it, you have to mine it.” Geodiversity
has been providing all sorts of resources for the human
kind; without which, modern societies would not exist.
So, in order to properly exploit those resources in a
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sustainable way, one needs to know about Geology. Also,
it is important that citizens at large are aware of, and
understand, the arguments concerning this kind of issues.

& All populations are in some extent under the threat of
some kind of natural hazard. In order to mitigate that risk,
one needs to know about Geology.

& As for one more reason, geological knowledge provides
us a broad and interesting perspective and understanding
of the world around us both in spatial and time realms.

There has been an effort among the Earth sciences com-
munity to enhance society’s awareness of the importance of
what we do and our scientific domain: a couple of worldwide
examples would be the National Science Foundation of the
USA that has created the Earth Science Literacy Initiative
(ESLI); the Geological Society of America (GSA) that pub-
lished a document entitled GSA Position Statement—The Im-
portance of Teaching Earth Science (http://www.
earthscienceliteracy.org/); and the GEOschools project that is
supported by the European Union’s Lifelong Learning
Programme, which brings together members of the
geological science community from several institutions that
aim to define a “Framework on geosciences literacy
principles” for the general European citizens that should at
least be applied, for the revision of compulsory school
curricula for secondary schools for the participant countries
(http://geoschools.geol.uoa.gr/).

The awareness of the importance of geological heritage has
also been increasing. In reality, some acts of geological heri-
tage conservation were carried as early as the nineteenth
century. However, throughout history, nature conservation
has been seen mainly as just “wildlife conservation” (Gray
2004). This has been changing, and today, a more holistic or
even approach is becoming the new trend. In this context,
since the late 80s and early 90s, several worldwide initiatives
and projects concerning geoconservation began to appear,
such as project GILGES, the creation of IUGS’ Global
Geosites Working Group, the creation of ProGEO, and the
creation of both European and Global Geoparks Network
(http://geoheritageiugs.mnhn.fr/index.php?catid=13&blogid=
1; http://www.progeo.pt/progeo_pt.htm; http://www.
europeangeoparks.org/?page_id=342; http:/ /www.
geoconservation.com/international/geoparks.htm; http://www.
europeangeoparks.org/?page_id=633; UNESCO, 1996).

The importance of formal education is undeniable. How-
ever, when considering lifelong education, one can realize that
school, especially compulsory schooling, has its limitations.
School does provide us with a very considerable and impor-
tant baggage of knowledge that is difficult to learn outside a
school setting (Falk et al. 2007), but mere personal experience
tells us that each of us will only retain part of that knowledge
(a very basic example of this is foreign languages: if one does
not keep using it and practicing it, then it will probably be

forgotten.) So, it is not how much we learn in school that
matters, it is what we do with it and what we add to it through
our lives that matters the most. And in fact, some surveys (e.g.,
Canavarro 2000; Falk et al. 2007) have revealed that nonfor-
mal and informal education seem to be (or at least are per-
ceived to be) more important for science literacy than formal
education.

The Role of Museums: Earth Sciences at Museu Nacional
de História Natural e da Ciência

Museums are places for learning, education, and enjoyment as
well as for study and collections. That is why they can be
important precursors and enhancers of scientific literacy.

According to the International Council of Museums
(ICOM) a museum is a “(…) non-profit, permanent institution
in the service of society and its development, open to the
public, which acquires, conserves, researches, communicates
and exhibits the tangible and intangible heritage of humanity
and its environment for the purposes of education, study and
enjoyment.” This definition was adopted during the 21st
General Conference in Vienna, Austria, in 2007 (http://icom.
museum/who-we-are/the-vision/museum-definition.html).

Museums are, therefore, much more than knowledge-
producing and collection-keeping institutions, they also have
become knowledge-transmitting vehicles that aim at reaching
all kinds of public. In fact, as agents of science dissemination,
heritage guardians, and producers of knowledge, these insti-
tutions can act as links between the scientific community and
society in a way that is hardly matched by other agents.

So, natural history museums (as well as other sciences
museums) are very important as they are as follows:

& Institutions responsible for the preservation and manage-
ment of collections.

& Institutions that have the potential to influence decision-
makers.

& Places for science education and scientific dissemination.
& Places that provide enjoyment and entertainment.
& Places that are able to connect scientific community with

society.

This museum, Museu Nacional de História Natural e da
Ciência, has inherited (and is continuing) a long tradition of
scientific research, collections management, and scientific
education (nonformal and informal settings) from its prede-
cessor Museu Nacional de História Natural (MNHN).

For geological heritage, this museum has a very active role
in geoconservation and it is undeniably one of the pioneers in
this field in Portugal. In 1989, the Associção Portuguesa de
Geólogos (APG) promoted a seminar in Aveiro Geologia e
Ambiente (Geology and Environment). One of the main
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conclusions was that action was urgently needed with regard
to geological heritage, and so a report was compiled with the
three following goals:

1. To assemble the information available that was spread
across the Portuguese Geological Survey (at the time
called IGM—Institute of Geology and Mining) and sev-
eral universities.

2. To create a proper inventory regarding geological heritage
sites.

3. To create criteria to properly classify features and sites
related to this kind of heritage.

In the original report, a total of 64 sites were listed, and
afterwards, in 1990, APG, IGM, and MNHN joined together
for the Project PAGE—Geological heritage with exceptional
interest in Continental Portugal. Though it had limited results,
this project was one of the first initiatives of this kind in
Portugal.

The museum was also involved in one of the main projects
concerning geological heritage which was the establishment
of the Portuguese frameworks with international relevance
(Galopim de Carvalho 1999; Brilha et al. 2005; Brilha 2005).

In 1993, the category of “Natural Monument” was cre-
ated through the Decree 19/93 of 23 January 1993. Al-
though it does not specifically concern geological heritage,
it does allow the classification of sites of geological inter-
est. Subsequently, five geosites with dinosaur tracks that
had been proposed by MNHN received the Natural Monu-
ment official classification: one in 1996—Pedreira do
Galinha, which is considered one of the best examples of
geoconservation in Portugal (Brilha 2005, 2006) and four
others in 1997—Pego Longo (Carenque, Sintra), Pedra da
Mua, Avelino, and Lagosteiros (Sesimbra). Some of these
are integrated into natural parks (Galopim de Carvalho
1994, 1999, 2004; Galopim de Carvalho and Santos
1992, 1994; Galopim de Carvalho et al. 1998; Relvas
et al. 2005; Santos et al. 2008a, 2008b, 2010a and 2012).

This museum has been working together with several
municipalities, such as Lisbon, Sesimbra, Sintra, Setúbal,
Batalha, Grândola and Viseu, creating protocols, helping with
the development of relevant geosites, or, in the very least,
acting as a scientific consultant. The best example is probably
Lisbon, where a collaboration of several public bodies (this
museum, LNEG—National Laboratory of Energy and Geol-
ogy—and the Faculty of Sciences of the University of Lisbon)
allowed the identification of 19 outcrops across Lisbon city
that were classified by the Lisbon Municipal Assembly and
integrated as Nature Exo-Museums (in relation to the natural
history museum) and afterwards became included in munici-
pal planning instruments such as the municipal master plan.
There is an extensive bibliography regarding these geosites
and also institutions in those municipalities that benefited

from partnerships with the museum (e.g., Galopim de
Carvalho 1999, 2004; Galopim de Carvalho et al. 2012; Pinto
et al. 2011; Póvoas et al. 2002; Relvas et al. 2012; Santos et al.
2008a, 2008b and 2010a, 2010b; and Tinoco et al. 2002).
These partnerships have been proven to be worthwhile as
Grândola and Sesimbra were awarded with 2013 ProGEO’s
Geoconservation Awards (Brilha 2008). The municipality of
Grândola was the winner, with the initiative “Mining village
of Lousal: an example of success in the rehabilitation of the
geomining heritage in the Iberian Pyrite Belt” and Sesimbra
received an honorable mention for the initiative “Geocircuit of
Sesimbra” (http://www.progeo.pt/progeo_pt.htm).

In the last 20 years, the museum’s education offer
concerning Geology has been focused around two main
themes: mineralogy and dinosaurs. The first theme is a tradi-
tional and classic geological subject and also because minerals
are a major geological resource that provides raw materials for
virtually any object we use in our daily lives—and their
exploration and exploitation are crucial to the economy, the
society, and the environment. As for the second theme, dino-
saur paleontology, besides being one of the subjects of the
scientific research of MNHN, it can be used as a strategy to
attract the public not only to this topic (dinosaur paleontology)
but also to several other topics in Earth sciences. This is
possible as dinosaurs are part of the imaginative realm of both
adults and children (Gould 1991; Gould 1995; Lopes and
Póvoas 2000; Póvoas et al. 2010). They represent a kind of
archetypal fascination as they are big, fierce, and extinct,
which means that they are alluringly scary and yet quite safe,
and besides, for the last few decades, they have been the
subject of huge marketing campaigns and commercialization
and have been used in cinema and television—leading to even
more marketing and commercialization, especially after the
release of the film Jurassic Park (Gould 1995). This film
(along with the rest of the series) remains a main reference
among the general public—although among the youngest
members of the public other TV series may be a more impor-
tant reference.

When designing any sort of activity (indoors, outdoors,
exhibition, or in a teaching laboratory), it is important to try
and improve public knowledge and increase their interest in
Geology and also to enhance their awareness of the impor-
tance of Geology as a science, of geodiversity as part of nature
and as a resource provider, and of geological heritage as part
of natural and cultural heritage. This is true for this museum as
well as other similar types of museums elsewhere—hence,
there is usually a clear intention to go beyond providing a
mere hands-on interactive experience. The aim is to provide
experiences that reproduce, as much as possible, the succes-
sive steps used in scientific methodologies, using whenever
possible instruments used in scientific research (Póvoas et al.
2010). In all these activities, the museum seeks to provide
knowledge (either of the results of its own scientific research
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or from others) as well as to explain the types of methodolo-
gies used by scientists. This approach is completely consistent
with the concept of science literacy as discussed above.

The museum staff that engage with the public when
performing educational programs report that the public seem
to enjoy engaging in hands-on activities. This view agrees
with a recent poll concerning the public visiting this museum’s
Earth sciences exhibitions: 18.67 % prefer hands-on exhibi-
tions and 65.67 % prefer exhibitions with a mixed approach
(combination of “classic” and hands-on) (Leite 2009; Reis
et al. 2008, 2010). As for the after effects of the museum
visits, almost half of the respondents (46.67%) stated that they
had increased their interest in Geology and almost all of them
(92.67 %) stated that they had increased their geological
knowledge (more precisely, 24 % stated that their geological
knowledge was enhanced a little, 50.67 % stated that it fairly
increased, and 5 % stated that it increased a lot; only 5 %
stated that it did not enhance at all). Statistical data has also
verified that there is a positive correlation between having a
previous interest in Geology and increasing knowledge and
between increasing knowledge and increasing interest in
Geology.

But in spite of the positive correlation (the Pearson corre-
lation are, respectively, 0.223 and 0.367), these relationships
are not necessarily straightforward: people with no interest or
a very low interest in Geology did not significantly change
their opinion, the same is true for people who already had a
very high interest in Geology, so the people whose interest
increased were the respondents that were initially fairly to
highly interested in Geology. As for learning, the respondents
with a high interest in Geology learned more than the ones
with a very high interest. Finally, it also happens that it was not
the ones who learned the most that were the ones who in-
creased their interest more, and those who learned significant-
ly increased their interest more than the ones who learned a lot
(Leite 2009; Reis et al. 2008, 2010). It is easy to understand
that it is difficult to enhance the interest of someone
that is already very interested or the knowledge of
someone who is already very knowledgeable. Being
interested is definitely a good motivation for learning,
and a learning opportunity might be the beginning of a
new or renewed interest.

However, most people that come to visit museums are not
necessarily aiming to learn something but rather to enjoy
themselves (Falk and Dierking 2000; Falk and Aldemar
2003), so within an informal education setting, it is very
important to be able to conciliate learning and leisure without
one overshadowing the other. It is important to adjust and
adapt to the different publics one is dealing with. It is expected
that a school public will be more concerned with learning (at
least the teachers) and a general public will probably be more
prone to spending leisure time (with collateral learning ef-
fects). However, when spending some time observing the

public in exhibitions, we witnessed a whole range of behav-
iors in all kinds of public: for example, we saw school groups
pass through exhibitions without paying any attention to them,
in contrast to students who came to the museum by their own
to collect data and/or to take photos for some project. As for
the general public, it is possible to find people who read every
single panel, write lots of notes, or take many photos and
people who seem to be crossing the room and not necessarily
seeing the exhibition in it. It is also pretty common that the
adults in family groups seem to bring their children so that
they can learn something, using the visit to the museum as a
learning opportunity. Also, when focusing on children, we
realize that some are genuinely interested in the exhibitions,
and it would not be farfetched to assume that they were the
ones who asked to come to the museum and the ones who set
the rhythm and pull along their adult companions. However,
the opposite may also happen and some children are the ones
who have to be pulled along as it seems that they only came
because, as children, they could not impose their own will not
to come along.

For those dealing with people from inside and outside
scientific communities on a regular basis, it becomes clear
that there is more required than just attending school in order
to become scientifically literate. There is only so much one
can learn from formal education. That is why museums are so
important as contributors to lifelong education. This is partic-
ularly true when it comes to geosciences because, quite often,
they are only superficially addressed in the curricula of com-
pulsory schooling—as a result, without nonformal and infor-
mal education, many people would lack knowledge of the
geosciences.

Final Comment

In the realm of geoconservation, museums can act on two
different fronts: they can act directly at all stages of a
geoconservation process, because they have the knowledge
to do so and they can also act indirectly, just by performing
their social and educational mission, connecting with people
in order to make them aware of the importance of the geolog-
ical heritage, even before any sites are actually classified. It is
hard to put forward effective geoconservation measures if
people do not care about what it is being protected.We believe
that there is a very strong connection between being scientif-
ically literate in Earth sciences and being aware of the impor-
tance of geological heritage. Indeed, if one has a good level of
Earth science literacy, one should also be aware of the impor-
tance of geological heritage; hence, because of their role in
contributing to increase society’s Earth science literacy, mu-
seums make an important contribution to the conservation of
geological heritage.
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