INTERNATION; [FERENCE

Experiences and Good Practices
in Chemistry Education

MAY 21, 2014

Polytechnic Institute of Braganca

BRAGANCA - PORTUGAL

Conference Proceedings

Eds. - M. F. Barreiro, O. Ferreira, A. |. Pereira

f "}\\\i b INSTITUTO POLITECNICO
L0 2 DE BRAGANCA

Polytechnic Institute of Braganca - 2014



INTERNATIONAL CONFERENCE

Successful Experiences and Good Practices
in Chemistry Education

MAY 21, 2014

Polytechnic Institute of Braganca

BRAGANCA - PORTUGAL

Conference Proceedings

Eds. - M. F. Barreiro, O. Ferreira, A. |. Pereira

¢( }\\\i b INSTITUTO POLITECNICO
L\ Z DE BRAGANCA

Polytechnic Institute of Braganca - 2014



Title
INTERNATIONAL CONFERENCE Successful Experiences and Good

Practices in Chemistry Education - Conference Proceedings

Edited by
M.F. Barreiro, O. Ferreira, A.l. Pereira (Org.)

Graphic Design
Soraia Maduro - ClPweb IPB

First edition 05/2014
ISBN 978-972-745-168-5
DL 375616/14

Printed by

Bringrdfica

Edittion

Instituto Politécnico de Braganca



Successful Experiences and Good Practices in Chemistry Education
Chemistry Is All Around Network, 518300-LLP-2011-IT-COMENIUS-CNW

Scientific Committee

Carla Morais, Faculty of Sciences - University of Porto, Portugal
Dionysios Koulougliotis, Technological Educational Institute (T.E.l.) of lonian Islands, Greece
Hana Bartkova, Institute of Chemical Technology,Prague, Czech Republic
Maria Filomena Barreiro, Instituto Politécnico de Bragancga, Portugal
Maria Joao Melo, Universidade Nova de Lisboa, Portugal

Maria José Rodrigues, Instituto Politécnico de Bragancga, Portugal

Maria Maddalena Carnasciali, University of Genoa, ltaly

Marie Walsh, Limerick Institute of Technology, Ireland

Milena Koleva, Technical University of Gabrovo, Bulgaria

Ménica Oliveira, University of Strathclyde, United Kingdom

Murat Demirbas, Kirikkale University Education Faculty, Turkey

Olga Ferreira, Instituto Politécnico de Braganga, Portugal

Paulo Ribeiro Claro, Universidade de Aveiro, Portugal

Organizing Committee

Adilia Tavares da Silva, Agrupamento de Escolas Abade de Bagal, Braganc¢a, Portugal
Ana Isabel Pereira, Instituto Politécnico de Braganga, Portugal

Ana Raquel Rodrigues, Instituto Politécnico de Braganga, Portugal

Maria Elisete Conde Pereira Afonso, Centro de Formagao da Associagao de Escolas Braganca
Norte, Braganga, Portugal

Maria Filomena Barreiro, Instituto Politécnico de Braganga, Portugal
Maria Joao Afonso, Instituto Politécnico de Braganca, Portugal
Maria José Alves, Instituto Politécnico de Braganga, Portugal

Maria José Rodrigues, Instituto Politécnico de Bragancga, Portugal
Olga Ferreira, Instituto Politécnico de Braganga, Portugal

Paula Plaséncia, Instituto Politécnico de Braganga, Portugal




Successful Experiences and Good Practices in Chemistry Education
Chemistry Is All Around Network, 518300-LLP-2011-IT-COMENIUS-CNW




Successful Experiences and Good Practices in Chemistry Education
Chemistry Is All Around Network, 518300-LLP-2011-IT-COMENIUS-CNW

ORAL PRESENTATIONS . ...... .ottt ettt ettt et sae e en e sne e e ne e sneeeneesnne s 3

“Active Engagement” of Students in TP classes: a solution for several problems? ...........cccccoeevveene 4
Paulo Ribeiro-Claro

Casa das Ciéncias - A Collaborative Website for Science Teachers ......ccccooeevviiviieeiiiieeeeiiicieeeeeeeeees 7
Manuel Luis Silva Pinto

Chemistry Education — The Relevance of Innovative Pedagogical Practices in the Early Years ...... 9
Maria José Rodrigues, Olga Ferreira, Filomena Barreiro and Adorinda Gongalves

Discovering Chemistry through Food: history, concepts and knowledge...........cccevevveiieeeeciveeenee. 13
Sonia Fernandes, Carla Morais and Jodo Paiva

“Feel the Chemistry with Chemistry”- Successful Experiences in Teaching and Learning Chemistry
1 o] F= o o SR 17
Mariusz Jarocki and Magdalena Gataj

Group Work in Teaching Chemistry in Topic pH of SOIUtiONS.......ccociiiiiiiieee e 25
Katarina Javorova and Martin Sponiar

Issues, Initiatives and Prospects of ICT Use in Chemistry Teaching .......ccoceeeveveeniiieniie i, 34
Divna Brajkovic

Interacting with the Past: A Journey into the Beauty and Science of Medieval Colours................. 39
Maria Jodo Melo

Obtaining Lead lodide in the Laboratory: Looking for ANSWErS.........ccccceeiiieieeiieeieeree e 44
Manuela Ortigao and Fatima Paixao

STEP - Step Towards the Popularization of Research and Technology ..........ccccoeiiiiiiiiiiniinenns 49
Hana Bartkova and Jitka Svatosova

Successful Experience and Good Practices in Teaching Chemistry at Schools in the Czech
LR T=] 01U o) [ PRSP 50
Marcela Grecova and Zdenék Hrdlicka

Successful Experiences in Chemistry Teaching in Turkey: Teaching Activities Based on Inquiry
AN ArGUMENTATION ..ottt et r e e e r e ae e n e r e n e nnes 55
Murat Demirbas, Mustafa Bayrakci and Nazmiye Baser

Successful Experiences in Chemistry Teaching and Learning: A Review of Some Suggestions for
[CToToTo I o = o3 1ot SR 59
Marie Walsh

Successful Experiences in Primary School Science Education............cccceeevceeeiiieecciee e 67
Laura Ricco and Maria Maddalena Carnasciali

Teaching Chemistry at School: Bulgarian Innovative Practice ...........cccceevcieevciieecciiecee e, 73
Milena Koleva

Teaching Chemistry with a New Cooperative Model in the Classroom........ccccccvevceeevcieeccieeeeenn, 83
Antonio Jesus Torres Gil

What Constitutes a Successful Experience in Teaching Chemistry? Characteristic Examples from
the Greek EAUCAtioNal CONTEXE ......eiiiieiie ettt et sae e et saee e as 87
Katerina Salta and Dionysios Koulougliotis



mariajoserodrigues
Realce

mariajoserodrigues
Realce


Successful Experiences and Good Practices in Chemistry Education
Chemistry Is All Around Network, 518300-LLP-2011-IT-COMENIUS-CNW

POSTER PRESENTATIONS ...ttt et 92

A Compilation of Postgraduate Theses Written in Turkey on Computer Assisted Instruction in
Chemistry EQUCAION ......oeiiiiiie ittt b et r e na e n e en e eneennee 93
Aykut Emre Bozdogan and Murat Demirbag

Approaches to Developing Key Competences in Natural SCIENCeS ........cccceveieiiiiiei e, 99
Krasimira Tomeva

Chemistry Dissemination through Ciéncia@Braganga Project..........ccccevevrieininienieeneeiieceeens 104

Marcia Moreno, Ana Isabel Pereira, Isabel C.F.R. Ferreira, Adilia Fernandes, Cristina Mesquita,
Anabela Martins and José Matias

Contemporary Possibilities in the Chemistry Education for Building Positive Motivation and Strong
Interest 10 NatUral SCIENCES ........uviiiiiiceee e e e et rae e e e e nraeee s 108
Violeta Konstantinova

In-Service Training Pathways of Physics and Chemistry Teachers in Northeastern Portugal...... 113
Maria Elisete C. P. Afonso

INTACT Project: Bringing Teaching Resources to Mobile Life ..o 117
Isabel Chumbo and Vitor Gongalves

Integrative Internet-Based Case Study for Sustainable Development ..........cccccceveviieeiiiecccieeeee, 122
Galina Kirova and Jenna Staykova

Successful Applications in Chemistry Education: Computer-Aided Teaching Activities ............... 127
Cansu Girpinar and Murat Demirbag

Teaching Chemistry of Natural Products to Young Students: “Verdo Ciéncia no IPB” case

Marcio Carocho, Maria Inés Dias and Isabel C.F.R. Ferreira

Using Analogies in Teaching Chemistry: Sample PractiCes ........ccevrvriniereniireeieie e 137
Deniz Altinisik
W Il It DiSSOIVE IN WALEI? ...ttt ettt e e e e e et e e e ne e e s eneeeenneeeennseeennnes 144

Claudia Magalhées, Cristina Mesquita and Maria José Rodrigues

WiINNING the RACE ...t e sere s 149
Alice Alves, Cristina Mesquita and Maria José Rodrigues

SCIENCE PROJECTS

CPERIT e

Ciéncia Viva, PVI-0355 Ciéncia Viva, PVI-1228 Ciéncia Viva, PVI-1386




Successful Experiences and Good Practices in Chemistry Education
Chemistry Is All Around Network, 518300-LLP-2011-IT-COMENIUS-CNW

ORAL PRESENTATIONS




Successful Experiences and Good Practices in Chemistry Education
Chemistry Is All Around Network, 518300-LLP-2011-IT-COMENIUS-CNW

CHEMISTRY EDUCATION - THE RELEVANCE OF
INNOVATIVE PEDAGOGICAL PRACTICES IN THE EARLY
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Abstract

Consensus exists among researchers and academics that science education, including chemistry
education, is fundamental to the development of modern societies. Thus, investment becomes
essential, from early years, in the education of informed citizens, prepared with scientific literacy
competences and able to pursue an active, participative and responsible citizenship. In this context,
school plays a major role and should provide chemistry education for all children. As such, it is
necessary that teachers are able to meet this need and ensure the implementation of innovative
practices, which, according to current guidelines, should be based in investigative activities of
practical and experimental nature with a science-technology-society orientation, whose scientific
contents are closely related to certain social phenomena (economics, politics and environment) and
that meet the interests of children by helping them to explain and interpret the world around them.
In this paper, we aim to present a review on the current guidelines for education in chemistry in the
early years, that is, in pre-school and primary school, by applying a methodology based on practical
and experimental work.

1. Introduction

In Portugal, the experimental component of chemistry teaching is undoubtedly valued in the various
levels of education, as can be seen in the curriculum guidelines for pre-school education (3-6 years
old) and in the curriculum organization and programs for primary school (6-10 years old). Chemistry,
in particular, for its multifunctional role in the inter-relationship with other sciences and society, has
been a central science to the developments that have marked changes in the needs and human
behaviour in the last century. Directly or indirectly, it permeates all aspects of the daily lives of
citizens and societies, both in beneficial and determinants aspects of an improved quality of life or
in negative aspects affecting health, the welfare of humanity and environmental preservation [1].
Therefore, it is essential that chemistry becomes part of the education of children, because since
early they should learn to view the world in a scientific way, they should be encouraged to ask
questions about nature and seek answers, collect data, count and measure, make observations,
organize data, dialogue with others and reflect on everything they observe. The most important is to
get the sense of science and get associated to it, since scientific knowledge can be obtained later
[2-4].

Current guidelines in science education privilege the Science-Technology-Society (STS) approach
and seek the education of responsible and informed citizens. Since the training of educational agents
is a major route to promote science education, it is necessary to develop initiatives to provide training
to all practicing teachers on science teaching, with STS-orientation. Additionally, it is imperative that
science teachers, and particularly chemistry teachers, reflect on the nature of the fields they teach
and on their own perspectives and teaching practices. These considerations become even more
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critical as current and pressing are the present demands for innovation dictated by international and
national contexts of change in the purposes and objectives of science education [1].

Some researchers show that educators point chemistry as the area less focused on the
thematic/concepts addressed in the pre-school area of “Knowledge of the World”: only 3% [5] and
11% [6].

Thus, initial and in-service training of teachers and educators should address this issue by providing
knowledge and methodologies that enable them to develop innovative didactical and pedagogical
practices of chemistry, a relevant scientific domain for the scientific training of children and an
essential component of scientific literacy.

2. The relevance of practical/experimental work

As mentioned before, science education has been gaining importance in pre-school and primary
school, existing a growing need to implement an education rich in investigative activities, of practical
and experimental nature, based on active, participative and participated methodologies, in order to
start the construction of scientific contents, develop reasoning, contribute to the understanding of
the world, reflect on what might happen if they dare trying to learn and innovate, be autonomous,
cooperate with others and fully exercise citizenship.

Practical and experimental activities are considered an instrument of excellence in science learning
and should be initiated early [7]. The emphasis on experimental work should be student-centred
and, if possible, involve some kind of research [8].

Bdo [9] argues that scientific capabilities and attitudes are best revealed when children engage in
hands-on research, where we can see them watching closely, showing curiosity, offering
explanations, cooperating with others and behave safely.

In the same line of thought, Caamano [10] and Martins et al. [7] consider that in an investigative
work of practical nature, four steps are always present: (i) how to define the questions-problems to
be studied, (ii) how to conceive the planning of procedures to be adopted, (iii) how to analyse the
collected data and establish the conclusions, and (iv) how to set out new issues to explore later, via
experiments or not.

2.1 Legal framework

In the context of international recommendations, recent research developments in science education
and in teacher training, in particular chemistry, and innovations related to them, advocated for
chemistry teaching in Portugal by the movements of reform and curricular reorganization, science
education of practical and experimental nature is being emphasized [1].

According to S& and Carvalho [11], it is in the 60s that a powerful movement for science education
in primary schools and pre-schools starts being developed. It is considered that the introduction of
different scientific fields can arouse curiosity and desire to learn. Thus, some organizations
recommend the promotion of science education from the levels of early childhood education up to
the end of basic education, being consensual that scientific literacy should be provided from the
early years [12].

Currently, in Portugal, natural sciences are included in pre-school, according to curriculum
guidelines from the Ministry of Education [13], in the area “Knowledge of the World”, whose main
purpose is to arouse children's interest in science, and not exactly the teaching of scientific concepts,
being referred that science awareness starts from the interests of children that the educator extends
and contextualizes, encouraging curiosity and the desire to learn more. To question the reality, pose
problems and seek their solution is the basis of the scientific method. Also, the area of “Knowledge
of the World” should allow contact with the attitude and methodology of science and foster in children
an experimental and scientific attitude [13].

More recently, Circular No. 17/DSDC/DEPEB/2007 on the management of the curriculum in pre-
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school education suggests the approach to experimental sciences, even if the collaboration with
other teachers is required. The educator, with them, should plan, develop and evaluate the activities,
never losing the globalizing view of educational activity in pre-school education.

In primary school, the program of “Environment Study” states that students should deepen their
understanding of Nature and Society, leaving to teachers the role of providing them the tools and
techniques needed so that they can build their own knowledge in a systematic way [14]. Moreover,
"it will be through diverse learning situations involving direct contact with the surrounding
environment, conducting small research and real experiences both in school and community as well
as through the use of information coming from farther means that students will be gradually
apprehending and integrating the meaning of the concepts” [14]. The same document, in the section
“Discovering Materials and Objects”, states that despite having always present an experimental
attitude in the approach to contents, it is primarily intended for this section to develop in students an
attitude of continuous experimentation with all that that implies: observation, introduction of changes,
assessing effects and results, conclusions.

3. Innovative practices in Chemistry
The child’s interaction with the world happens through the manipulation of objects made of materials
that are the result of chemical transformations, being some of those reactions carried out in situations
that may be more or less close to their direct experiences. Many of the materials that are familiar to
us (such as plastic, among others) are the product of these transformations and we contact them in
a natural way, with a higher or lower knowledge of the processes that gave rise to them. So, it will
be of interest to promote the development of ideas that lead to observations and to a growing
understanding [15].
In the chemistry education context, there are many issues that can be developed in pre-school and
primary school, using the practical and experimental work. In this respect, as an example, we
highlight the following:

o dissolution;

. viscosity of liquids;

. food constituents (biomolecules);

o paper recycling;

. global warming;

. water treatment station;

o mixing colours;

. pH indicators

Such activities aim to show how chemistry is present in contents often worked in other fields of
knowledge, in other situations, contents from scientific and technological areas are included (food,
medicines or atmospheric contamination) to illustrate different aspects of the practical application of
chemistry with immediate impact on our way of life.

In Portugal, the Ministry of Education (2008-2009) has developed policies to support science
education in pre-school and primary school, investing in the production of learning resources such
as brochures that include chemical activities. Some of these resources, written in Portuguese, are
available online for pre-school and primary school:

- “Despertar para a Ciéncia - Actividades dos 3 aos 6° (Awakening to Science - Activities from 3 to
6) [12].

- “Colecéo Ensino Experimental das Ciéncias” (Experimental Science Education Collection) [7].
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4. Final remarks

The almost vertiginous change that we witness in scientific and technological terms, allows us to
realize the immense instability that the course of times imposes to our contemplation and study in
every moment of our lives. Societies are increasingly demanding from the economic, technological,
professional and social points of view, where, in many situations, the holistic knowledge prevails.
Therefore, it becomes increasingly urgent to educate conscious and participative citizens, able to
participate in an informed way in the collective life of the social and cultural group. Experimental
work, for the diversity of possible processes and starting points, seems to be able to be considered
as an educational pathway promoting spaces of freedom considered necessary for the personal and
social development of children and for building their own pathways to knowledge.

Opportunities should be created for teachers to develop practical and experimental activities in the
sciences domain, particularly in chemistry, in the contexts of their educational activity, allowing them
to set the desired levels of scientific knowledge for their children.
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