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This paper reports the perceptions and ideas
expressed by students about geological heritage and
geoparks and learning results within the framework of a
research in science education focussed on students from
two classes of 11th grade (ages 16 to 18) of a secondary
school in Portugal.
Considering that geoparks can be assumed as
territories with educational resources of great
importance in promoting education for sustainable
development, mobilizing knowledge inherent to the Earth
Sciences, and to geoconservation in particular, the
activities with the students were held in the classroom
and in the field, the latter within a field trip to the Arouca
Global Geopark (Portugal). In this context, resorting to
strategies of fieldwork in small groups, we sought to
explore with students, geodiversity elements recognizable
in five of its geosites.
The results of this work show that educational
interventions involving both cooperative work and
practical work, using the Arouca Global Geopark as a
resource for the implementation of fieldwork activities,
can contribute to promote significant and relevant
learning on geology and on geoconservation, as well as
to stimulate curiosity and interest for visiting other
geoparks and for learning more about Earth Sciences.

Geoparks and research on science
education
The geoparks, which preserve the elements of geodiversity judged
as significant and worthy of conservation because of their value,
represent “places where the amazing story of our planet can be told
to the non-specialist without the need for the use of the esoteric
language so often employed by geoscientists” (Mc Keever and Zouros,
2005, p. 274). Due to its potential to promote education and
dissemination of Earth Sciences among the general public in
environmental matters, and enhance sustainable economic
development (Eder, 1999), the geoparks under the UNESCO´s
assistance shall: (1) preserve geological heritage for future generations,
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thus promoting the conservation of the geological heritage of the Earth;
(2) provide research facilities for geoscientists, thus contributing for
enhancing knowledge concerning Earth Sciences; (3) ensure
sustainable development, namely through geotourism; (4) educate
and teach the general public about issues in geological landscapes
and environmental matters, thus promoting the public understanding
of geosciences (Eder and Patzak, 2004).
The education of the public at large in matters concerning
geological sciences and the environment is one of the major goals
established by the European Geoparks Network (Zouros, 2004),
assuming education in a wide sense, i.e., including “not only scientific
explanations of geological features but also education on broader
environmental issues and sustainable development” (Nowlan et al.,
2004; p. 174).
Most of the geoparks have their own educational programmes
and publications, and provide, in the field of formal education,
materials and services to school teachers (EGN, 2012a), but research
focused on their role as a tool to provide educational opportunities
for visitors is lacking, namely investigative approaches that seek to
assess how geoparks can contribute to stimulate students to learn
about Earth Sciences and to adopt, in their daily life, behaviors and
attitudes that promote the valorization of the geological heritage of
the Earth.
Unlike many other countries in Europe (Fermeli et al., 2011), in
Portugal the teaching of geology is a separate discipline in secondary
school curricula. In the last 5 years record an increasing number of
vacancies on Earth Sciences degrees available at Portuguese
universities and institutes as a result of the increasing number of
candidates (Henriques et al., 2010).
This work reports the results of a research on science education
which addresses the following questions: What are the student´s
perceptions and ideas about geological heritage and geoparks? What
can students learn about geology as a result of a field trip to a geopark?
Can a field trip to a geopark influence student´s behaviors and attitudes
concerning geoconservation? Does a field trip to a geopark stimulate
student´s interest for visiting other geoparks? Can a field trip to a
geopark contribute to motivate students for learning more about Earth
Sciences?
The research involved the conception, implementation and
assessment of an educational intervention, based on fieldwork
developed at the Arouca Geopark – one of the two Portuguese
geoparks integrating the European and the Global Geopark Networks
(EGN, 2012b, UNESCO, 2012), with 37 students (21 male, 16 female)
of two 11th grade classes (ages 16 to 18) of the Secondary School of
Ponte de Sor (Central Portugal; Tomaz, 2011). The teacher´s
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motivation to develop the research, the appropriateness of the
intervention relatively to the curriculum goals and the formal
authorization both from the Executive Board of the school and from
student´s parents to carry out outdoor educational activities were
determinant for the choice of the students involved in this study. The
fact that the national Biology-Geology high school examination in
the end of the academic years of 2008/2009 and 2009/2010 featured
questions related with the geology of Arouca Geopark territory
(Geofocus, 2010a) was a decisive argument to convince all educational
agents of the importance of performing the intervention, given its
innovative character and time consuming.
The available data on the Arouca Geopark Educational Programs
Balance have reported that “The programs managed, carried out and
attended directly by AGA technicians have had a significant increase
demand: 5160 pupils and 536 teachers, from 10 different districts of
Portugal (Porto, Aveiro, Braga, Viseu, Lisbon, Viana do Castelo,
Santarém, Castelo Branco, Coimbra and Vila Real)” (Geofocus,
2010b, p. 4), mostly of the Basic Education (ages 12 to 15) showing
major preferences by one specific field trip (“From Mizarela Waterfall
to Rock Delivering Stones”; Geofocus, 2010a) but, until now, no
other data on the educational value of these field trips have been
published.
From the methodological point of view, this research is qualitative
in nature, a study-case type, with data resulting from direct observation
and content analysis of the answers presented by students to
questionnaires (diagnostic and intervention assessment) and to
worksheets, expressly created for the research. Quantitative data has

also been integrated, and presented as descriptive statistics (Cohen et
al., 2010).

Planning and implementation of the
intervention
The intervention included practical work developed in small
groups (3 students/each), and several activities both in the classroom
and in the field, focused on the curricular subjects “Important
geological materials and processes in Earth environments” and
“Sustainable exploration of geological resources” of the “Theme IV
- Geology, current problems and materials” (Amador et al., 2003). It
was developed during the 2nd trimester of the academic year of 2010/
2011, along 5 successive sessions, and it was based on the vision that
promoting education, particularly science education by mobilizing
knowledge in Earth Sciences fostering sustainability, involves
breaking with the traditional educational systems (UNESCO, 2005),
and highlights the urgent need to develop innovative educational
interventions, which should not neglect knowledge concerning
geoconservation (Henriques et al., 2011).
Fieldwork is widely considered as one of the most effective
learning strategy in geosciences (Orion, 1993, Van Loon, 2008, Stokes
and Boyle, 2009). But such “hands on” activities must be more than
just isolated activities, of “voyager-type”; instead, they should form
an integral part of the curriculum, including outdoor activities
adequately articulated with activities before and after the field trip,

Table 1 The three units of the educational intervention, the resources used for its implementation and the main issues which have
been worked by the students
Units

Resources

Issues

Preparatory
unit

Multimedia
presentation;
Worksheets 1-7

International organizations and initiatives dealing with the promotion of sustainable
development and the earth sciences.
Geoconservation and the promotion of sustainable development.
The Arouca Geopark and the European and Global Geoparks Networks.
The geologic time.
Earth and life during Ordovician times. Rocks deformation.
Metamorphic rocks and index minerals.

Field trip

Fieldtrip Guide;
6 Interpretative panels;
Geological Time Scale;
Geological Map of
Portugal (1/50 000;
sheet 13 D – Oliveira
de Azeméis; Pereira et
al., 1980);
Photographic camera;
compass

The Arouca Geopark and its geosites: location and contents; scientific and social
relevance.
Geological Interpretative Centre of Canelas: paleontological heritage and sustainable
exploration of geological resources.
Frecha da Mizarela waterfall: inferring its origin through the interpretation of the
geological setting.
Mizarela geological contact: contact metamorphism, their processes and products;
the meaning of the occurrence of staurolite crystals.
Castanheira folds: the geometric elements of a fold and the interpretation of rock
deformation.
“Pedras Parideiras”: the Castanheira nodular granite and its mineralogical components;
interpretation of the weathering processes involved in the biotitic nodules which give
rise to the popular idea that at Castanheira geosite “Rocks delivering stones”.

Summary
unit

Worksheet 9

To elaborate a poster displaying relevant and significant information related to: the
Arouca Geopark and the Global Geoparks Network under the auspices of UNESCO; the
Geological Interpretative Centre of Canelas geosite; the Frecha da Mizarela waterfall
geosite; the Mizarela geological contact; the Castanheira folds geosite; the Pedras
Parideiras geosite.
To present and discuss the poster within the class.
December 2012

483

Figure 1 Development of the field trip model that aims to establish the integration of learning achieved in the field to the classroom, seeking
to guide the students’ learning from more concrete to more abstract levels of the curriculum (adapted from Orion, 1989; 1993; Orion et al.,
2008). The pictures represent three types of activities performed by students involved in the intervention: cooperative work in small groups
in the classroom, which refers to the preparation of the field trip thus reducing the “novelty space” (Orion and Hofstein, 1994); cooperative
work in small groups in Arouca Geopark, which involved data collection for further processing; cooperative work in small groups in the
classroom, conducted after the field trip, in which students produced posters that presented and discussed in class.
developed in the classroom, according to the three-phase model,
constructivist in nature, proposed by Orion (1993), and using
cooperative work strategies, based on the “Zone of proximal
development” described by Vygotsky (1962) – a concept referred to
the potential skill of a person to perform a certain number of tasks
alone, which can reach higher levels if he/she works in collaboration
(Figure 1).
Activities prior to the field trip were developed in the classroom
during one session of 135 minutes and one session of 90 minutes,
and they have been conducted by resources especially created for the
intervention aiming the student´s cognitive, geographical and
psychological preparation for the field trip (Orion, 1993): 7 worksheets, inducing relevant bibliographic research and textual and
graphic interpretation, and a multimedia document, presenting the
field trip goals, the geographical location of the Arouca Geopark and
the geosites to be visited, the materials and instruments needed for
the field trip and referring safety and sustainable procedures to be
adopted during the field trip (Table 1).
Fieldwork activities have been implemented in the Arouca
Geopark (1 day), by exploring geodiversity elements in 5 of its
geosites: Geological Interpretative Centre of Canelas, Frecha da
Mizarela waterfall, Mizarela geological contact, Castanheira folds
Episodes Vol. 35, no. 4

and “Pedras Parideiras” (Rocks delivering stones) (Arouca Geopark,
2012a,b). Activities within the field trip included geographic and
geological location of the geosites, interpretation of geological
processes related to the geodiversity elements recognized in the
geosites and data collection for further processing through
photographic record and semi-directed interviews to the Geopark
guide (Table 1; Figure 2).
Activities after the field trip were developed in the classroom
during one session of 135 minutes and one session of 90 minutes.
Each group selected one of the six topics provided by the teacher
and, with the help of a worksheet explaining how to elaborate a poster,
the students organized the collected data and produced thematic
posters about the Arouca Geopark, which have been presented and
discussed in the classroom (Table 1).

Results of the research
This research diagnosed in students several limitations of cognitive
nature related to substantive knowledge on geology - misconceptions
about the relations between minerals and rocks; difficulties to
understand processes involving wide space and time scales and to
interpret visual representations, including maps; inability to associate
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Figure 2 A. Location of the Arouca Geopark (Northern Portugal) and of the Secondary School of Ponte de Sor (Central Portugal);
B. Geological map of the Arouca Geopark and location of the five geosites explored in the present research: 1. Geological Interpretative
Centre of Canelas; 2. Frecha da Mizarela waterfall; 3. Mizarela geological contact; 4. Castanheira folds; 5. Pedras Parideiras.
the formation of folds to a ductile regime – already described in the
literature (e.g., Pozo, 2000, Dodick and Orion, 2003; Tables 2 and
3). Concerning the geological heritage, students have revealed narrow
conceptions and ideas about it, confined to elements holding scenic
and/or indicial contents (Pena dos Reis and Henriques, 2009), and
inadequate ideas about geoparks (Figures 3 and 4). Organizations
like the IUGS and the Global and European Geoparks Networks, and
international initiatives like the International Year of Planet Earth,
were completely unknown for them, which underscores the need to
Table 2 Student´s conceptions about rock-forming minerals according to
their responses to diagnosis (DQ) and assessment (AQ) questionnaires
Rock-forming minerals of magmatic rocks
Quartz
Quartz, mica and feldspar
Olivine
Silica
Iron
Silica, iron and nickel
Feldspar
Mica
Do not know / No answer

DQ
1
3
1
4
2
2
0
0
24

AQ
2
11
0
2
0
0
1
1
20

Rock-forming minerals of sedimentary rocks
Quartz
Quartz, mica and feldspar
Silica
Quartz and rock fragments
Sandstone
Sand
Do not know / No answer

DQ
3
2
1
1
0
6
24

AQ
4
2
1
1
2
5
22

Rock-forming minerals of metamorphic rocks
Calcite
Carbon
Feldspar, biotite
Biotite
Lime
Depending on the composition of the previous rock
Quartz
Do not know / No answer

DQ
1
2
0
0
0
0
0
34

AQ
1
1
1
1
3
1
1
28

implement educational interventions that address not only substantive
knowledge on geology, facing concepts and methods inherent to the
Earth Sciences, but also dimensions of epistemological and formative
nature, which can enable citizens to cope with problems affecting the
planet, in a sustainable development perspective (Henriques, 2008).
Concerning the intervention assessment, results show that its
implementation seems to have contributed to encourage the
development of students’ skills, particularly in terms of knowledge,
reasoning, communication and adoption of attitudes consistent with
the promotion of geoconservation. In fact, most groups performed
adequately the various tasks that were proposed in the intervention,
and which involved the interpretation of texts, graphs, charts and
maps. Students expressed a positive opinion regarding the activities
carried out either in the field or in the classroom, which suggests that
the educational resources were relevant to the intervention, and were
pleasing to the students. Most of the students have recognized the
Table 3 Student´s conceptions about the different types of rocks according
to their responses to diagnosis (DQ) and assessment (AQ) questionnaires
Magmatic rocks
Basalt
Granite
Do not know / No answer

DQ
23
7
7

AQ
9
20
8

Sedimentary rocks
Sandstone
Limestone
Sand
Siltstone
Granite
Lime
Do not know / No answer

DQ
19
2
2
0
5
1
8

AQ
26
0
1
1
0
0
9

Metamorphic rocks
Shale
Marble
Granite
Gneiss
Diamond
Do not know / No answer

DQ
3
5
1
0
2
26

AQ
17
3
1
1
1
14

December 2012

485

Figure 3 Graphic representation of student´s ideas about Portuguese
geoparks according to their responses to diagnosis (DQ) and
assessment (AQ) questionnaires. Arouca and Naturtejo are Global
Geoparks; Azores is an aspiring Geopark to the EGN; PenedaGerês, Galinha Quarry, Arrábida and Cabo Mondego are Protected
Areas of the Portuguese Network of Protected Areas (ICNB, 2012);
Canelas Geopark is an invalid option.

Figure 4 Graphic representation of student´s ideas about geoparks
goals according to their responses to diagnosis (DQ) and assessment
(AQ) questionnaires.

role of the cooperative working as a catalyst in the interactions between
them and between students and the teacher, and therefore crucial in
the development of the social skills (Slavin, 1996, 2011; Johnson et
al., 1994) necessary to adopt an active and responsible citizenship in
their daily lives.
There were significant gains in student learning of concepts and
ideas about geology, particularly with regard to the issue of rock
deformation in the crust, which highlights the value of educational
interventions involving field work in geology which enrich the daily
experiences of the classroom (Lock, 2010; Rickson et al., 2004).
Student´s perceptions and ideas about geological heritage and
geoparks have clearly changed as a consequence of the intervention,
and seem to have contributed to stimulate them to adopt appropriate
Episodes Vol. 35, no. 4

Figure 5 Graphic representation of student´s opinions concerning
attitudes to be adopted in an outcrop containing numerous
specimens of fossils.
behaviors and attitudes concerning amateur fossil and mineral
collecting practices, that may endanger the integrity of these elements
of the Earth’s natural heritage (Van Loon, 2008; Figure 5).
Due to the intervention, there were significant changes in student´s
ideas about geoparks, notably about its objectives; most of the students
could identify properly the Arouca and Naturtejo Geoparks as
Portuguese geoparks included in the Global and European Geoparks
Networks assisted by UNESCO, and expressed interest in visiting
not only the Arouca Geopark, as others in Portugal and abroad. In
fact, when asked whether they intended to return to the Arouca
Geopark, 31 students answered yes and 6 students said they were not
interested in doing it. The same opinions were collected in relation to
the intention to visit another geopark. As the Table 4 illustrates, 17
students showed interest in returning to Arouca Geopark in order to
participate in educational activities within the discipline of geology,
meeting ideas postulated, for example, by Orion and Hofstein (1994)
and Orion (2003), that field trips are activities with high educational
value and cognitive potential.
Table 4 also emphasizes the interest expressed by some students
in performing leisure activities in natural areas, reinforcing the value
of geoparks as areas of excellence for the practice of geotourism,
where various natural resources (landscape, topography, outcrops,
fossils, rocks and minerals) highlight processes that created and create
geodiversity, where environmental conservation and cultural traditions
are promoted, thus bringing unquestionable benefits to the host
Table 4 Activities that students would like to develop in
future visits to the Arouca Geopark
Activity
Visiting museums
Canoeing
Rafting
Rappel
Pedestrian tours
Mountain biking
Geological educational activities
Camping
Fossil collecting

Number of students
14
13
13
15
19
19
17
14
1
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communities (Dowling and Newsome, 2006; Dowling, 2011; Arouca
Declaration, 2011).
Of the 31 students who expressed interest in visiting other
geoparks, 25 indicated the Naturtejo Geopark, the other global geopark
in Portugal (Dowling, 2011; UNESCO, 2012), suggesting that the
intervention appears to have contributed to arouse curiosity and
interest in students to visit other geoparks, and highlights the value
of the existence of a set of geoparks that working in a network, promote
the dissemination of each other in a spirit of cooperation between
them (Mc Keever and Zouros, 2005).
Most of the students recognized that the field trip has promoted
the improvement of knowledge about geology, thus contributing to
the understanding of concepts and ideas covered in class (Table 5).
Of all the activities included in the intervention, the students pointed
out an assortment of activities carried out in the different geosites of
the Arouca Geopark as the most interesting, at the expense of activities
in the classroom before and after the field trip. They recognize that
the implementation of the activities included in the worksheets before
the field trip helped them understand ideas and concepts covered
during the field trip, and considered that field trips must be made
after the approach of a particular subject in class. However, most
students did not consider important to elaborate a poster summarizing
information about the field trip, which may be related to difficulties
in processing the information collected during the field activities,
already pointed by Brusi et al. (2011).
Table 5 Student's opinions concerning the activities developed under the
intervention (key: 1- I disagree completely; 2 - I disagree; 3 - It is indifferent
to me; 4 - I agree; 5 - I agree completely)
Activities

1

2

3

4

5

The completion of worksheets before the
visit helped me better understand the
explanations given during the field trip

-

-

4

21

12

The most important of the field trip was
the interaction

-

14

12

8

3

I became interested in knowing other
geoparks

-

1

7

24

5

The field trip was an unpleasant experience

13

22

1

1

-

The activities have contributed to increase
my interest in geoconservation

-

1

2

28

6

The field trips must be made before
addressing a particular theme in class

3

21

6

6

1

The activities have helped in understanding concepts of geology

1

-

3

27

6

The poster represents a contribution to
learning

6

24

4

2

1

understanding of geology, mainly by means of evaluation of the
visitor´s level of understanding of interpretative panels located in
sites with geological or geomorphological interest, with data referring
its utility as a tool for supporting educational material for the students
fieldwork (e.g., Mansur and Silva, 2011; Moreira, 2012). However,
understanding geodiversity and the geological value of a geosite, as
well as promoting geoconservation based only on the information
included on interpretative panels seems to be quite limited (Crawford
and Black, 2012). In fact, the education effectiveness of visits to
geoparks involves breaking with traditional educational practices
setting aside field trips of “voyager-type”, and requires innovative
educational interventions, where fieldwork must be articulated with
activities integrated in the curriculum developed before and after the
field trip, according to the holistic model proposed by Orion (1989;
1993), and addressing cooperative learning in small groups as the
best strategy for its achievement (Figure 1).
The present paper reports a research in science education which
has followed the above mentioned requirements. The obtained results
show that educational interventions using geoparks can contribute to
promote significant and relevant learning on geology and on
geoconservation, as well as to stimulate curiosity and interest for
visiting other geoparks. Moreover, it has contributed to motivate
students for learning more about Earth Sciences, as proof the fact
that 14 of the 37 students who made up the sample, had decided to
pursue studies in geology, and have attended the discipline of geology
of the 12th grade in the academic year 2011/2012 (Tomaz, 2011).
The results relate to a study case, and cannot, as such, be
extrapolated to other classes and/or contexts, unless if other researchers
or readers will recognize their utility (Cohen et al., 2010). So, and in
spite of the fact that the national educational systems are different
from a country to another, the research design and the resources
produced may be useful for inspiring other researches and educational
interventions aiming at assessing education effectiveness of visits to
geoparks. This further reinforces the idea that the creation of common
educational tools within the European and Global Geoparks Networks
is a way to help the strengthening of co-operation in educational
programmes in geoparks (Zouros, 2004).
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