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FOREWORD

The science lab ChemistryLab Gadolin has been named after an internationally famous Finnish Professor in Chemistry, Johan Gadolin (1760-1852), the father of
Finnish chemical research. He emphasized the fact that inquiry has a central significance in the teaching of chemistry, which is why it also forms the basis for the
operations of Gadolin. Johan Gadolin was one of pioneers of the promotion of inquiry also internationally. Professor Gadolin had a strong effect on the Finnish Industry as a member of the Finnish Economic Society. Close collaboration with the
Industry as well as developing new, inspiring solutions and pedagogical innovations together into science education in chemistry from early childhood education
to universities, is also an important aim in the operations of Gadolin.
The bright future of Chemistry and Finland is in the hands of skillful and inspired
makers of the future – the children and youth – and in their competent teachers and
instructors. Science education in chemistry that is both collaborative and is based on
most novel research has a central role in this.
The main aim of science education operations of chemistry is to promote the knowledge and skills in science from early childhood education
to universities. This anniversary book introduces ChemistryLab Gadolin, its collaborative science education in chemistry and teacher education and its research
from early childhood education to universities. The science lab 1 is located at the University of Helsinki, in the Faculty of Science in the Department of Chemistry, near
the Unit of Chemistry Teacher Education. The anniversary book deepens the descriptions of science education in chemistry of the 15th Anniversary Book of the Science
Education Centre (Aksela, Oikkonen, & Halonen, 2018) that was published in the
beginning of 2018. The book has been comprised through annual reports and research and theses that have been connected to the operations.
ChemistryLab Gadolin that is celebrating its 10th anniversary in 2018 is a pioneer in the science lab network of Finnish universities: it was established as the first
science lab of 14 science labs that operate under the national LUMA Centre Finland
network 2. The activities of Gadolin are a good example of a collaborative operating
model, where the university researchers, teacher educators and partners outside the
university operate together in order to strengthen children and youths’ know-how of
chemistry and their interest towards chemistry. In the operating model, close cooperation with the Industry is especially unique and it has enabled new, relevant operating models for inspiring makers of the future towards studying chemistry (see

________
1 helsinki.fi/en/science-education/for-teachers/group-visits-to-science-labs/chemistrylab-gadolin
2 luma.fi/en
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Chapter 5). As recognition of its operations, the science lab ChemistryLab Gadolin
has been awarded with the international Global Best Awards recognition in
2014.
The activities of ChemistryLab Gadolin aim at an engaging and a meaningful science education in chemistry that produces joy of insight and success through
new and inspiring openings as well as solutions. It aims at supporting the planning
of the core curriculum for chemistry and its implementation in different school levels. In the past 10 years, over 50 000 children, youth, teachers and other visitors have become acquainted with the popular operations, and the received feedback has been encouraging. It is also an internationally intriguing operating
model: up until now, a couple thousand visitors have become acquainted with it. In
2017, around 200 visitors visited the Gadolin from countries such as Australia,
China, France, Germany, Indonesia, Lithuania, Morocco, Singapore, Slovenia,
South-Africa, South-Korea and Tunisia.

Figure 1. The science lab ChemistryLab Gadolin’s operating model interests both nationally as well as
internationally – for example the Finnish Minister of Education Sanni Grahn-Laasonen and the SouthAfrican Minister of Education Angela Motshekga have gotten to know activities that inspire children and
youth. During the academic year, international guests visit the science lab on a weekly basis.

ChemistryLab Gadolin itself aims at promoting the objectives set by the Ministry of
Education: Finland as one of the leading countries in science education in the world
by the year 2020 (Ministry of Education and Culture, 2014). Science education has a
crucial role in society’s future (Ahonen, 2017; Aksela, 2012). Children and youth interested in science strengthen Finland’s bright future, and this is a central part of the
societal role of universities (Aksela, 2017b). At the University of Helsinki, systematic
and collaborative science education in chemistry (a part of the national LUMA Centre Finland) has been carried out since 2003 (Aksela et al., 2018). ChemistryLab Gadolin promotes science education in chemistry and is a part of the operations of the
Science Education Centre (a part of LUMA Centre Finland; see Chapter 1 for further
information) at the University of Helsinki and it carries out the agenda that has been
approved by the executive board.
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In science education in chemistry, global impacting is being aimed at according
to the University of Helsinki’s science education operations that are based on strategy and according to the alignments of the national LUMA Centre Finland. The operations of the ChemistryLab Gadolin act as a signpost and as a creator of new solutions and pedagogical innovations and it as well aims at supporting the planning and
implementation of new and future curricula in chemistry. An important aim of
Gadolin’s science education in the strategic period of 2017–2020 is especially to develop new and relevant openings in the teaching of everyday chemistry, sustainable chemistry and development as well as modern technology, and in
teacher education 3 (see Chapter 1 for further information).
One of the aims of the operations is to make chemical research, researchers and
different chemical professions familiar to the children and youth as well as teachers.
New innovations in chemical research are aimed at being brought forward in a meaningful way in the operations of the Gadolin and to promote the relationship between
researchers – good role models for children and youth – and teachers. The science
education operations of the ChemistryLab Gadolin are in close connection with the
researchers in the Department of Chemistry 4 at the University of Helsinki and teachers as well as with the specialists from the Industry. In the near future, especially the
presence of young researchers as role models or so-called messengers of chemistry
is going to be emphasized even more in the operations. For example, new forms of
collaboration have been developed with the upper secondary schools in order to support meaningful studying for upper secondary school students (see Chapter 3).

Figure 2. Finnish know-how of chemistry and its important significance are
being brought forward in different
ways. ChemistryLab Gadolin is in
close cooperation with the research of
chemistry. Researchers from both the
university and the Industry act as role
models for children and youth, and
they support teachers in their important work. The Director of the Department of Chemistry, Professor
Heikki Tenhu can be seen in the picture as he is inspiring the participants
– makers of the future - of the science
club Chemistry and Art towards studying chemistry.

________
3 LUMAT Special Issue: Promoting innovative and collaborative chemistry education through evidence-based chemis-

try teacher education. LUMAT, 1(3) (2016). lumat.fi/index.php/lumat-b/issue/view/2

4 Department of Chemistry, University of Helsinki. helsinki.fi/kemia
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In the science education of ChemistryLab Gadolin, both the future teachers and
teachers teaching on different school levels have the possibility of getting acquainted with new solutions and pedagogical innovations in the teaching of chemistry and through these they are able to inspire the makers of the future towards studying chemistry. Collaboration especially with the personnel of the Unit of Chemistry
Teacher Education 5 that operates in the Department of Chemistry within the Faculty
of Science at the University of Helsinki and with researchers and students is close
(see Chapter 4). Through collaboration, the most novel information and networks of
national and international research on the teaching of chemistry, are at the hands of
science education operations of ChemistryLab Gadolin. The strong relationship between Chemistry Teacher Education and the operations of Gadolin have received international recognition, and it has been used elsewhere as well. The significance of
teacher education organized by Gadolin is vast, when we take into consideration the
long-term effects of a teacher’s work:
“Every teacher has an effect for around 100 years: first
during the time that they teach and then through their own students”
Finnish LUMA science education is strongly based on research. ChemistryLab
Gadolin acts as a central research and development environment for science education and teacher education in chemistry (see Chapter 4). It brings new research information in versatile ways into teaching from early childhood education to universities and comes up with new openings on the basis of research. The research method
used is mainly collaborative and engaging design-based research (see Chapter 1 and
Chapter 4.4.3). This research involves researchers in chemistry and its teaching, specialists in Industry, teachers teaching on different school levels as well as future
teachers. The used model for design-based research is also a new kind of an educational model for teachers, where all the participants can learn from each other. The
specialists also learn from teachers – from the specialists of pedagogical know-how.
Numerous theses and research with their academic articles are produced in order to
strengthen scientific know-how. A doctoral thesis (Ikävalko, 2017) and a Master’s
Thesis (Blomgren, 2018) have been comprised especially concerning the relevancy of
the operating model of ChemistryLab Gadolin (Chapter 3.1). The aim is to get all the
new openings widely into use in different forums – through textbooks for teaching
in different school levels and in learning environments as well as in teachers’ preservice and in-service education.
The science education operations of chemistry are connected to the development of university level chemistry as well as research (see Chapter 4). In the teacher
education of pre-service and in-service chemistry teachers, the different forms of
science education (e.g. instructing in a science lab, clubs, science adventures, camps,
science birthdays and collaboration on the upper secondary level) act as inspiring

________
5 The Unit of Chemistry Teacher Education, University of Helsinki. blogs.helsinki.fi/kem-ope/en
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ways of implementation for education. A good example of new openings of science
education that are connected to basic education of chemistry at the university is the
course Chemistry as a Science, which is partly carried out in cooperation with the
course Chemistry of health and well-being that is aimed at students on the upper
secondary level. Upper secondary school students, pre-service teachers and young
researchers work together during the course and learn from one another. Teachers
are educated on new solutions and pedagogical innovations through virtual and interactive MOOCs that are also the subjects of development (see Chapter 4). At the
same time, they act as education and interaction forums for pre-service teachers, inservice teachers teaching on different school levels.
On this anniversary year, we would warmly like to express our thanks for outstanding collaboration with the management of the University of Helsinki, the Faculty of Science and the Department of Chemistry as well as other administrations
that have promoted and supported the operations and development of ChemistryLab
Gadolin along the years.
Many thanks to the active participants of ChemistryLab Gadolin’s steering
groups (see Appendix 1), important sponsors of the operations (see Appendix 2), coordinators (the “hearts” of the operations) (see Appendix 1), numerous skillful instructors (see Appendix 1), active researchers and specialists in chemistry, collaborative team at the Unit of Chemistry Teacher Education and students, active teachers
in different school levels, the science education team and successful national and international partners. According to our motto together we are more!
Here, we would like to thank also those that have been awarded with the Gadolin
Ambassador recognitions, Timo Leppä, Ilkka Pollari, Mikko Ritala, Markku
Räsänen, Heikki Tenhu and Hannu Vornamo for exemplary collaboration
with forming and promoting the operations of ChemistryLab Gadolin, and supporting the Director of ChemistryLab Gadolin, Professor Maija Aksela.
ChemistryLab Gadolin operates mainly with the help of outside funding and in
order to be able to develop further, extra resources are needed. We gladly accept donations to the Science Education Fund 6 both from Finland and abroad in order to
enable new openings and collaboration.
Together towards a bright future for chemistry!
In Helsinki on the 10th Anniversary of ChemistryLab Gadolin, September 19th, 2018.
Professor Maija Aksela
Director

University Lecturer Johannes Pernaa
Vice Director

Pipsa Blomgren
Coordinator

Iisa Rautiainen
Vice Coordinator

________
6 helsinki.fi/en/science-education/centre/donate-to-the-science-education-fund
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1 CHEMISTRYLAB GADOLIN AS A PIONEER AND A
COLLABORATIVE IMPACTOR

In this chapter, the collaborative operating model and the history of ChemistryLab
Gadolin that is celebrating its 10th Anniversary in 2018, is going to be presented. The
science lab is a pioneer in the network of science labs in the LUMA operations
of Finnish universities: it was established as a first science lab of the 14 science labs
of the national LUMA Centre Finland 7.

Figure 3. The science lab ChemistryLab Gadolin in the Department of Chemistry at the University of
Helsinki. This modern laboratory with its research equipment makes it possible to get to know the nature
of chemistry as a science and to explore fascinating possibilities, and it also encourages children and
youth towards studying chemistry.

1.1 Background Information
The present state of the teaching of chemistry, the possibilities and challenges on
different levels have been charted once every ten years since 1998, directed by professor Maija Aksela (Aksela & Juvonen, 1999; Aksela & Karjalainen, 2008; Aksela,
Pernaa, & Hopea-Manner, published in 2019). Based on surveys, different kinds of
forms of support have been comprised into the teaching of chemistry. In a research
carried out in 1998, a grand need for supporting the lifelong learning of chemistry
teachers was discovered, mainly concerning meaningful inquiry, information and

________
7 helsinki.fi/en/science-education/for-teachers/group-visits-to-science-labs
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communications technology and school corporate collaboration as well as the need
for increasing interaction between universities, schools and the industry.
In order to attend to the challenges discovered in the research, a centre for the
teaching of Chemistry, Kemma that promotes science education in chemistry was
established alongside the operations of the national LUMA Centre and the Unit of
Chemistry Teacher Education in the Department of Chemistry at the University
of Helsinki in 2004. The national LUMA Centre (the predecessor of LUMA Centre
Finland) at the University of Helsinki was established as an umbrella organization
for the collaboration between schools, universities and the Industry 8. The aim was
that in successful interaction, all the participants can learn from one another.
To strengthen meaningful inquiry-based teaching of chemistry in schools and to
inspire children and youth towards studying chemistry, the director of the Department from that time, Professor Markku Räsänen and Professor Maija Aksela
from the Unit of Chemistry Teacher Education started new science lab operations on
Aksela’s proposal, the preparations for the incoming ChemistryLab Gadolin. Since
the beginning, the aim was to build a modern learning environment that supports
the teaching of chemistry in schools and as well teacher training in collaboration with
different partners – mainly those in the field of chemistry. The aim of the upcoming
operations was also to strengthen the entire school collaboration of the Department
of Chemistry. The Department had had a long and successful tradition of school collaboration from the 1980’s onwards between research laboratories and numerous
schools. Currently there are 13 companies collaborating with Gadolin, in
addition to the Chemical Industry Federation of Finland (see Appendix 2).
Kemira Oyj’s decision to give up the popular Chemistry Lab operations
alongside Kemira’s Research Centre and to start collaboration with us brought a significant push towards promoting and preparing for the science lab. Kemira Oyj’s
popular Chemistry Lab had been operating since the 1990’s in a Research Centre in
Suomenoja, Espoo. It was a part of Kemira’s corporate communications and its main
aim was to support the teaching of chemistry, to familiarize schools and children
about the Chemical Industry and to build a company image. At its best, the operations reached 1500 students and chemistry teachers each year (compare: today
ChemistryLab Gadolin reaches around 4000 students and chemistry teachers each
year). The Chemistry Lab had been offering primary school and upper secondary
school teachers and their students a possibility for working and learning in an authentic laboratory environment of the company. The visiting teacher had chosen the
appropriate work for their class from a collection of laboratory work. The work was
completed under the instruction of the visiting student group’s teacher, while
Kemira’s contact person was mostly in the background (compare: In ChemistryLab
Gadolin, visiting students are instructed by pre-service chemistry teachers or chemists that have received education for the job). In addition, visits included a presentation of Kemira Oyj and a tour of the Research Centre.

________
8 luma.fi/en/centre
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Through collaboration, Kemira Oyj became one of the main sponsors of ChemistryLab Gadolin and representatives of the company are members of its steering
group.
The continuation of the collaboration at the Department of Chemistry was assisted by the fact that the “mother” of ChemistryLab Gadolin, Professor Maija
Aksela, was well acquainted with the meritorious operations of the Chemistry Lab.
She had worked in collaboration with Kemira Oyj’s Chemistry Lab with almost the
entire time that it had been operating and had developed most of the used inquirybased experiments and had trained teachers alongside her own work. As the collaboration continued, the inquiry-based experiments that were developed in the Department of Chemistry and the resources of the Chemistry Lab (equipment and chemicals) were transferred into use in ChemistryLab Gadolin.
From the industry, the board of Kemira Oyj gave significant support in building
ChemistryLab Gadolin, especially the Chief Communication Officer from that time
Timo Leppä (later the Director General of the Chemical Industry Federation of Finland) and the Director of the Research Centre, Ilkka Pollari from Kemira’s Research Centre as well as the General Director of the Chemical Industry Federation of
Finland, Hannu Vornamo.
Supported by their precious advice, Maija Aksela started to form the collaborative
operating model in order to promote ChemistryLab Gadolin and to form the 3-year
collaboration contracts together with companies and partners (see Appendix 1 and
2) as well as started to put together the steering group (see Appendix 1). Collaborative
models and resources for them were agreed upon with each and every partner and
collaboration contracts were signed. In addition to the financial resources, an important form of collaboration is the company’s specialists taking part in developing
the contents of the operations. In the beginning, collaboration was carried out as a
pilot project that lasted for three years, after that it has been continued with renewing
the contracts every three years. Without the significant support and resources offered by the industry, the operations of ChemistryLab Gadolin
would not have reached the extent that is described in Chapter 3. Different
forms of collaboration with the industry are described in more detail in Chapter 5.
The science lab ChemistryLab Gadolin that operates as a part of the national
LUMA Centre at the University of Helsinki was opened in a festive environment
in September 19th, 2008 at the Department of Chemistry alongside a Chemistry
Today educational event. The Director General of Kemira Oyj’s Research Centre,
Ilkka Pollari, who has been awarded with the Gadolin ambassador recognition in
2018 for significant collaboration, held an inspiring opening speech 9
Today, ChemistryLab Gadolin is administratively a part of the operations of the
Science Education Centre (earlier known as the University of Helsinki’s LUMA Centre) at the University of Helsinki. Collaboration strengthens the visibility of the operations of ChemistryLab Gadolin nationally and internationally, and also enables

________
9 The opening ceremony of ChemistryLab Gadolin 19.9.2008: youtube.com/watch?v=G2cRyQJ7U7I
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close and interdisciplinary collaboration. The Science Education Centre represents
the University of Helsinki in the national LUMA Centre Finland network 10, the administration of which the University of Helsinki has been looking after ever since its
establishment (since 2013). LUMA Centre Finland has a national purpose, and the
Science Education Centre participates in this as a collaborative compactor.

Figure 4. An artist, the popular ”sound laborant” Miro Mantere performed in the opening festivities of
ChemistryLab Gadolin in 2008 and he will also be performing in its 10th Anniversary in 2018. (Picture:
Sakari Tolppanen)

1.2 A Collaborative Operating Model
Science education of ChemistryLab Gadolin
from early childhood education to universities is
promoted collaboratively with the university, Industry and other cooperation partners (e.g. the
Finnish National Agency for Education, teacher
organizations and schools of different levels).
Figure 5. In the collaborative operating model of ChemistryLab Gadolin, good interaction with different cooperation
partners is crucial. There are 13 participating companies
working with Gadolin.

________
10 luma.fi/en
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The operations of ChemistryLab Gadolin are carried out according to the annual plan
of action that is approved by the executive board of the Science Education Centre (a
part of the LUMA Centre Finland network). The Centre’s executive board is directed by the Dean of the Faculty of Science, and in the executive board 11, there are
representatives of all the faculties working with the Centre. In the Centre’s steering
group, there are numerous partners alongside the representatives from the university such as from the Finnish National Agency for Education and from the Industry.
The current administration model of the Science Education Centre has been described in Figure 6.

Figure 6. ChemistryLab Gadolin is a part of the administration of the University of Helsinki’s Science
Education Centre and its science education operations. The executive group consists of administration from the different faculties from the University of Helsinki. ChemistryLab Gadolin’s coordinator
and the vice coordinator carry out the Centre’s plan of action in collaboration with science education coordinators of different fields under the guidance of the Centre’s Director. The Director of the Science Education Centre acts as the director of ChemistryLab Gadolin and for the time being also as the director of
LUMA Centre Finland (has been operating since it was established in 2013).

The resources for the operations of ChemistryLab Gadolin mainly consist of complementary funding from cooperation partners (see Appendix 2) and in addition support is received from the Science Education Centre (a part of LUMA Centre Finland)
and from the Department of Chemistry at the Faculty of Science. In addition, the
cooperation partners support the operations with equipment and materials as well
as with their expertise. The forms of collaboration have been defined with each and
every cooperation partner with a collaboration contract that is compiled every three
years.

________
11 helsinki.fi/en/science-education/centre/leadership-and-decision-making
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2 CHEMISTRYLAB GADOLIN AS A PART OF NATIONAL AND
INTERNATIONAL COLLABORATION

The Science Education Centre (a part of LUMA Centre Finland) and its ChemistryLab
Gadolin collaborate with national and international partners and aim at reaching the
goals by working together (see Science Education book by Aksela et al., 2018). The
science lab, ChemistryLab Gadolin has received the international Global Best Awards
recognition for its collaborative operations in 2014. Here, in close interaction, it is
possible to learn from one another and to reach a stronger effectiveness for the operations together.
This chapter introduces examples from a couple of significant national and international projects, where science education in chemistry has participated or is participating currently. The personnel form the Unit of Chemistry Teacher Education and
postgraduate students have taken part in the implementation of most projects. The
15th Anniversary book of science education 14 has been used partly as reference.

Figure 10. Each year hundreds of international visitors get acquainted with ChemistryLab Gadolin and its
science education. The visitors in the above picture are from South-Korea. In the middle of the picture,
you can see the director of ChemistryLab Gadolin, professor Maija Aksela as well as the coordinator from
2012-16 M.Sc. Veli-Matti Ikävalko, who held his doctoral dissertation on ChemistryLab Gadolin as a
learning environment.

________
14 Collaborative Science Education: helsinki.fi/sites/default/files/atoms/files/isbn-978-951-51-4089-0.pdf
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2.1 Background Information
The science education operations at ChemistryLab Gadolin are actively participating
in both national and international collaboration. Versatile projects of science education and forms of collaboration have been collected in Figure 11, where participation
has occurred either partly or as the main impactor. The doctoral students at the Unit
of Chemistry Teacher Education have participated in the practical coordination and
directing of projects. These projects are described briefly in chapters 2.1 and 2.2.

Figure 11. The operations of ChemistryLab Gadolin are a part of numerous national and international
projects and this is how new solutions and pedagogical innovations are spread around to be widely exploited. The personnel of the Unit of Chemistry Teacher Education and postgraduate students act as
central impactors for the projects. For example, in an EU Project CombLab, new inquiry-based work in
the context of everyday chemistry was produced. More detailed descriptions of the projects can be found
in chapters 2.2 and 2.3.

2.2 National Collaboration with the LUMA Centre Finland Network
National collaboration with the Science Education Centre and its ChemistryLab Gadolin is carried out mainly through 13 LUMA Centres that all belong under the LUMA
Centre Finland network 15 of 12 Finnish universities. Also, universities of applied sciences take part in the operations. During the years 2017–20, a national purpose

________
15 luma.fi/en/centre
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is going to be carried out that the Ministry of Education and Culture has placed and
that consists of six areas, one of which is the development of science lab operations
all around Finland (see the book on science education by Aksela et al. 2017 for further
information).
Science education in chemistry is promoted collaboratively through numerous
national projects. For example, through the national LUMA FINLAND development
program 16, teachers are educated on new openings that have been developed in the
program together with postgraduate students of the Unit of Chemistry Teacher Education. These projects support significant implementation of the revised core curriculum. Science education in chemistry is promoted especially in four projects (there
is also a possibility to receive online training concerning these projects):

Everyday life phenomena
Good question!
Mathematics and natural sciences in society: collaborative studying
with the working life
Research and ponder: researching skills of pre-schoolers

In a national development and research project (2008-11) Computer-assisted
molecular modelling in school teaching, it was possible to include molecular
modelling that is central in chemistry, as a part of school teaching and teacher education. In the project Computer-assisted molecular modelling in school teaching:
pedagogical solutions and approaches into the teaching of chemistry were
developed based on most novel research information nationally and internationally in cooperation with eager school teachers
mentors of molecular modelling were educated all around Finland. They
acted as instructors and support persons in their own areas
open teaching material was produced online for teachers that supported the
use of molecular modelling
research was conducted on the possibilities of the approach and its effectiveness in the learning and teaching of chemistry.
Several publications were compiled from the research carried out during the project,
a doctoral dissertation was also written based on the project (Aksela & Lundell,
2008; Aksela, Lundell, & Pernaa, 2008; Pernaa, 2011; Pernaa, Aksela, & Lundell,
2009). The results have been taken widely into use in several schools, in teacher education and in ChemistryLab Gadolin 17. In 2017, know-how was spread out

________
16 suomi.luma.fi
17 helsinki.fi/en/science-education/for-teachers/group-visits-to-science-labs/chemistrylab-gadolin
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internationally in the form of a non-fiction book that was written in English (Pernaa,
Aksela, & Ghulam, 2017).

2.3 International Collaborative Projects
In science education in chemistry, participation in international collaboration is active. Up until now, participation has occurred in the following international projects
(in alphabetical order): the Nordic ActSHEN project as well as the EU projects
COMBLAB and Designstem, in addition to the international StarT (see Chapter
2.2).
Action for Sustainability in Higher Education in the Nordic region (ActSHEN) 18
is a Nordic collaboration and research project that took place during 2013-17, where
a model for supporting sustainable development in higher education, was developed
(Heiskanen, Käyhkö, & Virtanen, 2017; Tolvanen, 2016; Tolvanen & Aksela, 2013).
In this project, new approaches have been developed into teaching about sustainable
development, which have been applied in various ways in participating institutions
as well as in a course Sustainable development in teaching for pre-service
teachers at the University of Helsinki.
In an EU funded COMBLAB collaborative project (2012-14) that was carried
out in collaboration with specialists from Austria, Czech Republic, Finland, Slovakia
and Spain, several types of inquiry-based work for lower secondary level students
and mainly for the teaching of chemistry were developed in collaboration with researchers and teachers from universities. These inquiry-based works exploited information and communications technology and were based on microcomputer-based
laboratory. In addition in the project, teachers were educated to use them and research was conducted on the effectiveness of the project (Tolvanen, Aksela, Guitart,
& Urban-Woldron, 2014). Here, a research conducted in 2011 at the University of
Helsinki was exploited (Aksela, 2011). It is still possible to do most works that were
developed during the project, at the ChemistryLab Gadolin and these works are also
used in pre-service teacher education.
An ongoing project of science education is the EU project Designstem 19 (2016–
19), the aim of which is to develop electronic learning materials that combine design
and natural sciences, such as games, mobile applications or interesting electronic
learning materials.
The promotion of education on sustainable development is a central focus area in science education in chemistry. Research is conducted on the topic and
theses are written, for example doctoral theses (Juntunen, 2015; Tolppanen, 2015).
New virtual operating models for sustainable development and its promotion for
both youth and teachers, have been researched and developed in a virtual science

________
18 blogs.helsinki.fi/action-for-sustainability
19 bit.ly/2DdLOfe
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education project. Up until now, three national parts of the project have been carried
out: (i) Millennium Youth Course: Sustainable Energy 20 (Aksela, Wu, & Halonen,
2016) that is aimed for the youth, (ii) Sustainable Energy in Education: International MOOC for STEM teachers (Kaul, Aksela, & Wu, 2018) that is aimed for teachers, and (iii) International Teachers’ Climate Change Forum 21 that is aimed for
teachers. The know-how of doctoral students at the Unit of Chemistry Teacher Education and their research concerning their doctoral theses have been exploited in science education in planning and carrying out of projects.

Figure 12. Meaningful, inquiry-based work instructions that concern everyday chemistry have been developed for children and youth in different levels for example in the EU project CombLab. (Pictures: Pipsa
Blomgren (above), Sonja Martikainen (below))

________
20 luma.fi/en/news/2015/10/28/millennium-youth-course-sustainable-energy
21 luma.fi/en/event/international-teachers-climate-change-forum

23

ChemistryLab Gadolin as an Inspiring Learning Environment for Children and Youth

3 CHEMISTRYLAB GADOLIN AS AN INSPIRING LEARNING
ENVIRONMENT FOR CHILDREN AND YOUTH

In this chapter, the aims of science education of the popular ChemistryLab Gadolin
are going to be described. Also, the significance of the operations through conducted
research and main forms of operations are introduced through examples. During the
past 10 years, more than 50 000 visitors (up to 4 000 children and youth per year)
have visited the popular science lab ChemistryLab Gadolin.

3.1 Aims and Significance of the Operations
The main aim of science education of ChemistryLab Gadolin is to promote and support the teaching of chemistry and the curriculum on the three levels of relevance
(see Figure 13): (i) individual relevance, (ii) societal relevance and (iii) vocational relevance. It aims at inspiring children and youth towards studying chemistry and increasing the hobby-ism of chemistry through new and inspiring inquirybased work, computer-assisted modelling, researcher meetings and through professional images of chemistry, and at supporting teachers and pre-service teachers in
carrying out meaningful teaching of chemistry and lifelong learning.
Everyday chemistry, sustainable chemistry and development as well as
modern technology are the main themes for the operations and its research-based
development during the strategy period of 2017–20. Close collaboration with the
Unit of Chemistry Teacher Education supports the operations through most novel
teaching and learning and through research concerning teacher education and theses
(see Chapter 4 for further information).
Science education at ChemistryLab Gadolin has been discovered as
important both in the sense of feedback surveys and research concerning
it. The popularity (a maximum of 4 000 children and youth each year) of the handson study visits taking place at the modern ChemistryLab Gadolin and the annually
received encouraging feedback based on surveys for both teachers and students
shows that it reaches the set aims and also the challenges that have been taken into
consideration in the teaching of chemistry (see Chapter 1.1). Also, positive feedback
has been received from the steering group of ChemistryLab Gadolin (see Appendix
1). The effects of ChemistryLab Gadolin have been studied in more detail in several
researches and theses (see Chapter 4.4.1). The operations of Gadolin have also a central role in pre-service and in-service chemistry teacher education and in its chemistry education research.
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Figure 13. The different dimensions and components of the relevance theory (Stuckey, Hofstein, MamlokNaaman, & Eilks, 2013).

3.2 Target Groups
The science lab ChemistryLab Gadolin and the different forms of operation of its science education serve the teaching of chemistry on different levels from early childhood education to the upper secondary level (see Figure 14). The target group
consists of 3-19-year-old children and youth and their teachers in different school levels. Also, different operating models of science education for families
are being developed during the coming years. For example, during Summer 2018,
science camps for families were tested for the first time, in which children, parents
or grandparents have the possibility of participating together with their child.
During these 10 years, of all the school levels the biggest user group has consisted
of primary level students (68%), where an important base for the bright future of
chemistry is being built. Since 2015, the possibilities of early childhood education in
developing children’s skills in research in the context of everyday life phenomena has
been emphasized. Physically and virtually popular Small Jippos science clubs have
been organized for small children on the basis of research (see the book on science
education for further information, Aksela et al., (see Aksela et al., 2018).
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Figure 14. The target groups and the number of
participants (%). During the past 10 years, a
maximum of 4000 children have participated annually. Kindergarten groups have had a possibility to visit since 2015.

Figure 15. The operations of ChemistryLab Gadolin especially support 3-19-year-old children and youth
as well as their families’ science education in chemistry and teachers’ lifelong learning. Such forms of
science education, where children and their grandparents work together, are being developed based on
research. The aim is also to promote multicultural science education. (Pictures: 3rd ja 6th Veikko Somerpuro, 4th Sakari Tolppanen, 2nd Elisa Lautala)
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3.3 Forms of Operation
Versatile forms of operation, also virtual, are being used in science education at
ChemistryLab Gadolin (see Figure 16). In the following chapters 3.3.1–3.3.6, the
forms of main operations are described, and examples are given of practice that has
been perceived as successful.

Figure 16. Forms of operation for science education in ChemistryLab Gadolin are carried out in strong
interaction with pre-service and in-service education and research at the Unit of Chemistry Teacher Education as well as with the Department of Chemistry and the Industry (see Chapter 4 for more information).
The focus areas of the operations (the themes) are defined according to the University’s strategy periods.

3.3.1

General Information

The aims of the operations of the Science Education Centre guide the operations of
ChemistryLab Gadolin (see Chapter 1.3). The focus areas of the operations (the
themes) are defined according to the University’s strategy periods.
During the years 2018–2020, especially the following are emphasized
as focus areas: everyday chemistry, sustainable chemistry and development and modern technology. Most novel research information in chemistry
and its teaching as well as innovations are taken into consideration in their implementation. In the international chemistry operations in 2011, the main theme was
water. During 2008–2017, the themes focus for example on everyday chemistry, different materials and their chemistry, energy and energy production, green chemistry,
chemistry concerning us humans, health and wellness as well as the chemistry of
water.
Hands-on study visits (see Table 1), make up the main operating form of ChemistryLab Gadolin, during which teaching groups of different levels, from early
27
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childhood education to universities, have a possibility of getting to know new openings in the science education in chemistry by doing things themselves.
Table 1. The main forms of operation and target groups of science education in chemistry at ChemistryLab
Gadolin.
Target group
(to whom the activities are
aimed at)

Forms of operation
Inquiry-based laboratory work
Hands-on study visits

Computer-based visualization

Children and youth
Teachers and instructors

Visits and meeting with researchers
Gadolin club

Youth

Science birthdays
(since 2012)

Children and youth
Families

Science clubs

Children
Families

Science camps

Children and youth
Families

Science briefcases that can be borrowed

Children and youth
Teachers and instructors

Corporate collaboration

Children and youth
Teachers and instructors

Collaborative courses

Youth
Teachers and instructors

Teachers’ in-service education

Teachers and instructors

Development of hands-on study visits and their activities

Children and youth
Teachers and instructors

Workshops elsewhere

Children and youth

During a study visit, children and youth complete inquiry-based work in an actual
laboratory concerning the themes of the year, or they get to explore the possibilities
of molecular modelling in a computer classroom, which itself is important in chemical research. In addition, visitors have the possibility of meeting researchers and visiting their research laboratories and to gain information about the field of chemistry
and studying chemistry. Visiting groups are instructed by a pre-service teacher or a
chemist that has received education for the job (Figure 17).
Hands-on study visits are built to support the aims of teaching of the visiting
teacher and the visiting school’s curriculum for chemistry. Usually visits consist of
three stages:
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Figure 17. In Gadolin, visitors are instructed by pre-service teachers or chemists that have received education for the job. In the above picture, there are instructors from 2016. Pipsa Blomgren, on the right, has
been the coordinator since 2017.

(i) Getting acquainted with the theme and visit at school
(ii) a hands-on study visit in ChemistryLab Gadolin (usually between 2–4
hours)
(iii) compilation and evaluation at school (e.g. as a part of course evaluation).

The teacher contacts the coordinator with an electronic form that can be found
online 22 after which the planning process of the visit begins. Visits are instructed by
instructors, future chemistry teachers or future chemists, who have received education concerning the job. The visiting calendar and a work instruction bank can
be found in the website 23 of ChemistryLab Gadolin.

________
22 helsinki.fi/en/science-education/for-teachers/group-visits-to-science-labs/chemistrylab-gadolin#section-33767
23 kemianluokka.fi
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Table 2. Examples of carrying out hands-on study visits at the ChemistryLab Gadolin that support the curriculum for chemistry.
Stage 1
Getting acquainted with the theme and visit at
school

Stage 2
A hands-on study visit at ChemistryLab Gadolin (usually
between 2–4 hours)

Stage 3
Compilation and evaluation at school

Primary
school

The teacher reserves the study visit beforehand
and wishes for contents that are suitable when
considering the skills of the group and a theme that
follows the curriculum, as well as a meeting with a
researcher on the field of chemistry. In school, the
teacher goes over (with the group) e.g. prior assignments concerning the inquiry-based work and
together they ponder on questions that could then
be presented to the researcher.

Gadolin instructors welcome the group and go over the contents of the prior assignments with the group and give instructions concerning the inquiry-based work. After completing the
work, themes that arose during the work are looked at together
in the group. After the laboratory part, the group meets with a
researcher, who tells the students about their work and gives
answers to students’ questions.

After the study visit, the teacher can return to the
theme of the visit in their own teaching and by doing this exploit the students’ experiences that they
gained during the visit, when they return to the
topic later in coming school years.

Lower
secondary
school

The teacher reserves the study visit for the last lesson of the course, after the final exam just before
the vacation. Because all contents of the curriculum have already been covered during the course
and the evaluation is finished, the Gadolin instructors have free hands to plan the contents for the
study visit. The aim of the visit is to interest students, to offer memorable experience among
chemistry and to revise learned contents in a fun
way.

Gadolin instructors have planned an unforgettable visit for the
group that consists of hands-on and fun, inquiry-based work
and demos that are suitable for the age group. The themes of
the completed activities have to do with things that the group
has already learned and they offer new viewpoints into what
has been learned beforehand. Such substances and equipment are used in the activities that are rarely seen in school
teaching, such as liquid nitrogen and dry ice.

The study visit will be remembered by the students as an inspiring and a fun example of chemistry as a subject. The teacher can return to these
images and support the enthusiasm of students
in school after the vacation.

Upper
secondary
level

The teacher reserves the study visit as a part of
teaching and course plan and choose those inquiry-based works from Gadolin that support the
contents of the course and that cannot be completed in schools. For example, in a course on organic chemistry, in the previous lesson students
had synthesized samples of aspirin and they take
them with them to be analyzed with the IR spectrometer in Gadolin. In addition, the teacher wishes
that during the visit there would be molecular modelling in a computer lab, as well as a meeting with
a researcher on the field of chemistry.

As the group arrives in Gadolin, the instructor goes over theory
concerning the inquiry-based work and gives instructions for
carrying out the work. Students work independently with the
open assignment, during which the teacher and Gadolin instructor go around helping. For example, the instructor first
goes over how the IR spectrometer works and then opens theoretical concepts and helps with reading the spectrum. In a
computer lab, the group gets to model the known molecule
from the inquiry-based work, aspirin with the modelling program Spartan. At the end of a study visit the group meets with
a researcher that tells about their topic of research and their
educational history.

At school, the teacher can give further information
concerning the theory part, if they see it fit. Students are assigned to write a work report based
on the completed inquiry-based work in Gadolin
that will be graded as a part of the course.
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In hands-on study visits to ChemistryLab Gadolin, a research-based approach is emphasized, and visitors are motivated towards chemical research and learning of
chemistry. With the help of computer-based visualizations such as molecular
modelling, animations and simulations, the understanding of phenomena discovered during inquiry-based work is supported. Meetings with researchers and visits
to the research laboratories at the Department of Chemistry as a part of a study visit,
support the development of the nature of chemical research and its significance and
they also offer positive experience in an actual researcher environment. Children and
youth may also be able to get important role models that inspire towards studying
chemistry.
Hands-on study visits have the possibility of reaching all the levels of relevance of
the relevance theory by Stuckey et al. (2013) (see Chapter 3.1). With the help of inquiry-based work, it is possible to reach the level of individual relevance, because
students mostly experience inquiry-based work as interesting. In the working instructions concerning inquiry-based work, usually the actual problem of the field of
chemistry is introduced, which is then possible to be solved with the help of knowhow of chemistry and skills. In such a situation, during the study visits it is also possible to reach the levels of societal and vocational relevance in addition to the individual relevance. Presentations on the field of chemistry held on the study visits,
hearing about study possibilities and meeting with researchers also increase the relevance of ChemistryLab Gadolin as a learning environment on all levels
of relevance.
ChemistryLab Gadolin also offers support for choosing a career and for the study
possibilities of the field of chemistry and offers support for the visitors and additional
material for the planning of studies. In presentations that are held alongside visits,
the field of chemistry and study possibilities are described thoroughly and the possibilities of chemistry are mentioned. In cooperation with collaboration companies, a
so-called company gallery has been built that consists of videos on different chemical
professions in various companies. 24
In his doctoral thesis, Ikävalko (2017) developed operating models alongside
study visits. The work instructions that Ikävalko had developed in corporate collaboration were made to resemble the developed operating models, and for example the
Hardness of water work instruction developed together with Oy Aga Ab consists of
the following three stages: 1) a stage that sets the work in motion and that consists of
questions to ponder about, which the teacher then can give for example as homework
before the hands-on study visit, 2) the steps of the work instruction that is going to
be completed during the hands-on study visit as well as questions with which it is
possible to go over the work after completing the work and 3) four additional exercises have been collected at the end of the work instruction that students can complete at home.

________
24 youtube.com/results?search_query=kemian+osaajia
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3.3.2 Inquiry-Based Learning
The aim of ChemistryLab Gadolin is especially to promote the meaningful inquiry-based learning of chemistry. In its operation, the aim is to develop new
openings within the framework of the themes, with different cooperation partners
(see Table 3).
Table 3. A couple of examples of inquiry-based work instructions that were developed during 2018-19
that the visitors get to complete during their hands-on study visits. Most works are connected to thesis
research.
Theme

Everyday chemistry

Sustainable chemistry
and development

Modern technology

Inquiry-based work

Target group

Art with the means of chemistry

Kindergarten and primary school

Shampoo that surrounds dirt

Lower secondary school

A tricky day as a pharmaceutical producer in
a pharmacy

Lower and upper secondary school

Studying water

Kindergarten and primary school

From aluminium to alum

Lower and upper secondary school

Researching the quality of water

Lower and upper secondary school

Green laboratory

Upper secondary school

Molecular modelling on the MarvinSketch

Lower and upper secondary school

Art with the means of chemistry

Upper secondary school

The visitors get acquainted with these by doing things themselves and at the same
time by giving feedback they promote their development. Most new openings are a
part of theses. For example the popular hydrogen car activity has been developed
through design-based research (for example Aksela & Boström, 2012).
Children and youth are instructed during inquiry-based work by trained pre-service teachers or chemists. The instruction for inquiry-based work mainly takes place
in the facilities of the University. In 2015 when Gadolin was under construction, instructors went around in schools and kindergartens and instructed inquiry-based
work. The teacher of the visiting group has the possibility of concentrating on observing and reflecting on the students’ learning and at the same time the they can
learn from the students as well as about the new theme. In a way, this possibility is a
new kind of a model for in-service education for teacher education (see more in
Chapter 4).
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Figure 18. During a hands-on study visit, ChemistryLab Gadolin offers the possibility of exploring new
openings. Future chemistry teachers and researchers from the University or the Industry participate with
the development and implementation of works.

Figure 19. The water analysis briefcase is one of the most popular teaching packages from the packages
that are lent. It is used to study the chemical properties of water, also in the nature.
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