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FOREWORD AND COMPLIMENTS 

1 The development and 
2 3 4

education is to promote sustainable development such as climate education, that 

Joy of insight and success for all! 

humanities, mathematics and 
natural sciences interdisciplinary 
solutions. 

 Suomi tiedekasvatuksessa maailman kärkeen 2020: 
Ehdotus lasten ja nuorten tiedekasvatuksen kehittämiseksi. Helsinki: opetus- ja kulttuuriministeriö.  

 

3 Aksela, M. (2012). Tiedekasvatus ja sen tulevaisuus. Tieteessä tapahtuu, 30(4), 1–2.  
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education:

• Children and youth’s science competences, enthusiasm towards science, and 
hobby-ism

• Everyone’s awareness on the purpose of science and its various fields, its 
significance and results 

• Everyone’s scientific literacy or the ability to understand scientific phenomena 
connected to everyday life, to participate in discussions on current topics and to 
make decisions both on the personal and societal levels

• Teaching and learning of different fields of science/subjects on all levels from early 
childhood education to universities, and research concerning their teaching and 
learning 

• Teacher education that trains encouraging and researching teachers for life-long 
learning (both pre-service and in-service education)

• Personal student recruitment
• National and international visibility and cooperation with different cooperation 

partners

5

6

international cooperation and teacher education have been central characteristics 
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Figure 1. The Education and Culture Committee from the Finnish Parliament along with the University 
Management of the University of Helsinki explored the developed activities of science education, especially 
new inspiring solutions and pedagogical innovations connected to science education in mathematics. 
(Pictures: Maija Aksela)

environments.
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We would like to thank
for our successful cooperation. 

cooperation partners. A warm thank you 

states, together we are more!

donations to our Science Education Fund7

director vice director general coordinator
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Figure 2. The light that shines in the middle of the LUMA-flower represents children and youths’ joy of 
insight and success, the different colored petals represent the different fields of science, different levels 
and communality. The motto is: Together we are more! 
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1. THE SCIENCE EDUCATION CENTRE – A GLOBAL 
IMPACTOR AND A PIONEER

1.1 History

sponsors and cooperation partners. 
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universities and the private sector8 9

10

annual reports. 
national and international recognition: the 

(in 2012)11 Jippo, Luova and Kreativ) 

in 2009. 

12

collaborative Science Education Centre 

Finnish Innovations and Technologies in Schools: A Guide towards New Ecosystems of Learning (pp. 129–

10

11

12
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1.2 The Administration Model

Figure 3. The administration model of the Science Education Centre since 2017. University Services helps 
in supporting the administration and the communication of science education. 
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1.3 The Aims and Thematic Focus Areas

1.3.1 The Focus Areas

• Digitalization (including data science; language technology; programming; 
robotics; technology around us)

• Globalization & sustainable development (including atmospheric sciences; urban 
studies; nature and the environment; mathematics around us)

• Matter and materials (including space research; materials research; nanoscience; 
stars and space)

• Sciences of life & aging and welfare (including well-being and health)
• The human mind in a changing world (including humane growth and 

development; home, culture, internationality; cultural and linguistic diversity;  
past, present and future)
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1.3.2 Ways of Execution

• Education that looks at phenomena as entities, and that integrates different fields 
(also fields of technology and arts) 

• Pedagogically relevant exploitation using of modern technology 
• Research-based and hands-on learning of sciences originates from the nature of  

a scientific process 
• Taking into account the most novel innovations in science

Figure 4. The purpose of science education is to inspire a passion for the sciences with the help of research 
and development operations produced in the Centre. (Picture: Sofie Jokinen)
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2. NEW SOLUTIONS AND PEDAGOGICAL 
INNOVATIONS THROUGH RESEARCH AND 
DEVELOPMENT 

both 
 The aims are described 

2.1 The Operating Model

learning environments, methods and teaching materials etc.) are developed on the 

school levels. 
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Figure 5. The development and research operations of science education create new solutions and 
pedagogical innovations for the Finnish society to use, but they can also be spread around globally with 
the help of educational exporting. 

this it strengthens the science competences. 

2.2 Non-formal Learning Environments as Research and 
Development Environments 

to be teachers or in-service teachers and instructors (their learning, training or 
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in chapters 3–8. 

taken into consideration in science education and in its research. 

Figure 6. Design-based research is one of science education research methods. Numerous studies are 
conducted mainly in the form of different level theses (e.g. masters or doctoral level). For example, an 
ongoing design-based research is taking place on the subject of significant science education in mathematics 
and programming (Pulmaario project). Newly developed solutions and pedagogical innovations are applied 
to university teaching and its teacher education as well as in the operations of cooperation partners 
such as science centres. The theoretical information learned from the research is used to make scientific 
publications. Pedagogical innovations have led to cooperation with companies, and educational exporting. 
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National and international collaboration in research and development

3. NATIONAL AND INTERNATIONAL 
COLLABORATION IN RESEARCH AND 
DEVELOPMENT

Together we are more

3.1 Research and Development Together
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Figure 7. Cooperation is carried out with a number of national partners. Long-term cooperation has occurred 
with the Development Centre Opinkirjo and TEK (Academic Engineers and Architects in Finland) in Finland’s 
oldest science competition Tutki-Kokeile-Kehitä13 (“research – test – develop”) in the organizing of the 
competition, communications and judging. The Centre has arranged numerous competition events at the 
University of Helsinki. (Picture: The University of Helsinki Science Education Centre) 

3.2 Examples of National Projects 

14 Some Finnish applied universities also 

13

14
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National and international collaboration in research and development

• international cooperation is being promoted and another aim is to increase 
national funding of operations 

• inspiring activities on science education and online courses that are being 
developed together, are offered to children and youth, these support e.g. student 
recruiting on the university level

• conducting research connected to the operations that brings more information in 
order to develop the functions, and to increase interests in different fields and to 
produce new solutions and pedagogical innovations 

• teachers’ professional skills are being developed and supported, so that they 
would form a continuum from teacher’s basic education, and onwards

• phenomenon-based teaching and interdisciplinary learning that are underlined in 
the National Core Curriculum should be supported and developed through the 
national and international StarT operating model since early childhood education, 
and to inspire children and youth towards studying science through new 
approaches

• science and technology classroom (LUMA labs for schools) operations should be 
developed and strengthened all over Finland

3.2.1 The LUMA FINLAND Development Program: New Ideas for Teaching 
Mathematics, Natural Sciences and Technology 

15

15
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mathematics and natural sciences, to encourage students to choose courses on these 

A bilingual program supports teachers in using the national core curriculum that 

all over Finland has been built in the program. 

16 17 18 19 20 21 22 23 24

1. A Good Question!16

2. Everyday Life Phenomena17

3. From Training to School18

4. Innokas! – Let’s Be Enthusiastic and Innovate Together19

5. Meaningful Mathematics20

6. Programming for Everyone21

7. Science and Mathematics in Society: Interdisciplinary Cooperation with Companies22

8. Understanding in Problem Solving23

9. Wonder and Find Out: Pre-school Children’s Science Process Skills24

16

17

18

19

20

21

22

23

24
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National and international collaboration in research and development

Figure 8. StarT science festivals all around Finland act as collaborative and inspiring learning environments. In 
these events, the creativity and know-how of children and youths is crucial. They present innovative projects 
and learn from each other. In addition, the representatives of learning communities (e.g. schools, kindergarten, 
science clubs) present the best educational practices related to the implementation of phenomenon-based 
and interdisciplinary learning in pedagogical cafes and get ideas for the implementation of the school-specific 
and national curricula in their learning community. These events act also as new models for teachers’ in-
service training. In the picture, children and youths from the Uusimaa region are attending a StarT science 
fair in Heureka Science Centre in 2017. (Pictures: The University of Helsinki’s Science Education Centre). 
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3.2.2 The StarT Program – Interdisciplinary Collaboration 

StarT operating model25, 

StarT Days are various 

StarT festivals 

StarT Gala

25
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National and international collaboration in research and development

virtual online poll
can be carried out also in clubs or at home (see StarT Clubs in chapter 6). 

A material bank that is 

Figure 9. StarT’s materials that include videos, offer support for interdisciplinary project-based learning 
as a part of implementation of the national and school-specific curricula in learning communities. On the 
website, the material has been classified according to school level. You can also find a short video on the 
website of StarT about the operating model. 

international interaction: 36 countries participated 
in 2017. The 
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Figure 10. In the national and international StarT gala, internationally distinguished teams consisting of 
children and youths, and best educational practices of learning communities are annually awarded the 
International LUMA StarT (Education) Award. In 2017, Sanni Grahn-Laasonen, the Minister of Education, 
handed out the main awards. Various encouraging awards are given also nationally and regionally by 
universities and their cooperation partners. 
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National and international collaboration in research and development

3.2.3 Discipline Specific Collaborative Project on Molecular Modelling

project on Computer Assisted Molecular Modelling in School Teaching 

• new pedagogical solutions and approaches into chemistry teaching were 
developed nationally and internationally in cooperation with innovative school 
teachers, and most novel research information through the newest research

• mentors of molecular modelling were trained all over Finland. They acted as 
instructors on their own areas and offered support

• open learning material that supports the using of molecular modelling, was 
produced online for teachers 

• research was conducted concerning the opportunities and its effectiveness in the 
learning and teaching of chemistry.

a doctoral dissertation26 27 28 29

30

31. 

26

27
Kemian opetuksen päivät 2008: Uusia oppimisympäristöjä 

ja ongelmalähtöistä opetusta 

28

opetuksessa perusopetuksesta korkeakouluihin – IV Valtakunnalliset kemian opetuksen päivät (s.195–204). 

29

30
gadolin

31
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Figure 11. An example of computer assisted molecular modelling. The use of these models increases the 
understanding of terminology and phenomena in chemistry, and it can be used for example alongside 
practical work.

3.3 Examples of International Projects

Scientix
Science on Stage

32

32
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National and international collaboration in research and development

Figure 12. The Science Education Centre aims at promoting youths’ science skills in various ways (see 
chapter 7 for further information). In 2011, an international, interdisciplinary science competition European 
Union Contest for Young Scientist was organized in Helsinki. The Science Education Centre was one of the 
major cooperation partners there. (Picture: Sakari Tolppanen)

ActSHEN project (chapter 3.3.1), the EU project: COMBLAB (chapter 3.3.2), 
the EU project: Designstem (chapter 3.3.3), the EU project: LINKS (chapter 

operations (chapter 3.3.4).

3.3.1 The ActSHEN Project: A Model for Teaching Sustainable Development  
in the University Level

Action for Sustainability in Higher Education in the Nordic region (ActSHEN)33 

33
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development34 35

3.3.2 The COMBLAB project: Inquiry-based Science Teaching with  
Microcomputer-based Laboratory Activities 

COMBLAB

36 37

38

34

35
 

36
LUMAT, 1(4), 

379–386.

37

(Eds.), EBook Proceedings of the ESERA 2013 Conference: Science Education Research For Evidence-based 
Teaching and Coherence in Learning. Part 4 (Eds. G. Olympiou & P. Marzin-Janvier), (pp. 181–190). Nicosia, 

38
Educació Química EduQ, 9, 30–37.
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National and international collaboration in research and development

39

Gadolin40. 

Figure 13. Utilizing modern technology (for example: microcomputer-based laboratory equipment, molecular 
modelling and other modern technologies) is one area of research in science education. The activity of 
spectrophotometer in the picture is developed for the use of school visits. (Picture: Veikko Somerpuro)

39 http://comblab.eu/en

40
gadolin 
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3.3.3 The Designstem Project: LUMA Education in the Context of Art 

41. For 

The Designstem42

aims at developing online learning materials that unite design and natural science, 
such as games, mobile applications or interesting e-learning materials. The target 

3.3.4 A Virtual Project on Science Education in Order to Promote  
Sustainable Development 

43 44. 

out: (i) Millennium Youth Course: Sustainable Energy
Sustainable Energy in 

Education: International MOOC for 
STEM teachers, 
and (iii) International Teachers’ 
Climate Change Forum, that is also 

41
International Journal of Science Education, 39

10.1080/09500693.2017.1333656 

42

43

44
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National and international collaboration in research and development

the project. 
In the Millennium Youth Course: Sustainable Energy 

45 has been published. 
The course46

course. 
In the project Sustainable Energy in Education: International MOOC for 

STEM teachers 
Sustainable 

Energy in Education: International MOOC for STEM teachers47

is still being developed. 

International Teachers’ Climate Change Forum48 

45
 

46

47

48
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3.3.5 The LINKS Project: New Approaches in Teacher Training

Learning from Innovation and Networking in 
STEM – science, technology, engineering and mathematics)49 during 2016–19, 

49
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4. LUMA LABS FOR SCHOOLS AS ENVIRONMENTS 
FOR LEARNING, RESEARCH AND DEVELOPMENT

4.1 General

LUMA labs) in 

six

chapter 1.3.1 and 1.3.2). The purpose is to strengthen and broaden the operations 

The four purposes

(i) to act as inspiring learning environments for children and youth at the authentic 
facilities of the university, and to support current and future national core curricula 
(yearly nearly 10 000 children and youth visit the LUMA labs in different forms of 
science education. At the same time, they are an important form of recruitment 
for the university, in which through participating activities, children and youth are 
inspired towards sciences.)

(ii) to act as research and development environments for science education (visiting 
children and youth, teachers, family members and cooperation partners participate 
in various projects, and therefore promote the development of new solutions and 
innovations, scientific publications and theses. At the moment, there is ongoing 
general study on the pedagogical usage of all science labs.)

(iii) to act as an encouraging learning environment for pre-service teacher education 
of future teachers and/or in-service training of teachers on different levels (there 
are various learning exercises on basic teacher education and its research that 
are connected to the operations of the LUMA labs; in in-service training, different 
implementation models are developed together with teachers; a part of these is in 
cooperation with basic teacher training.)
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(iv) to act as a collaborative, operational environment in cooperation with national 
and international persons (researchers, the private sector, different organizations 
etc.) and to create new openings and develop solutions together for significant 
science education

lab operations is about to begin.

4.2 BioPop – Science Education in Biological and  
Environmental Sciences 

Helsinki. Its purpose is to promote science education on biological and environmental 

been developed in the BioPop lab are open to all teachers. 
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Figure 14. BioPop science lab (LUMA lab) is the only lab for schools at universities in Finland that itself 
specializes in science education on biological and environmental sciences. In the lab, it is possible to 
perform new and modern inquiry-based laboratory work in an authentic laboratory and to receive joy of 
insight and success, which strengthens the science competences. 

4.3 F2k – Science Education in Physics

Degree Program for Subject Teachers in Mathematics, Physics 
and Chemistry) and its research. 

st
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Figure 15. The LUMA lab, called F2k teaching laboratory, carries out innovative science education in physics. 
The lab inspires children and youth as well as future teachers and teachers teaching on different school 
levels into meaningful teaching and learning of physics. F2k is significant in promoting science education 
of physics in Finland. In the lab, it is possible to explore new inquiry-based solutions and pedagogical 
innovations of science education in physics. In the above picture, future teachers are studying concepts 
and phenomena of physics through inquiry at the science lab. 
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4.4 Geopiste – Science Education in Geography and Geosciences

Figure 16. The LUMA lab, Geopiste, is the only 
lab at university in Finland that itself specializes 
in science education on geography and 
geosciences. In the picture, children 
participating in a science camp are performing 
field investigation with Geopiste in the 
Summer of 2017. The tools include: 
anemometers, thermometers, noise level 
meters and equipment for taking samples of 
the soil. (Picture: Inka Voutilainen)

and about most recent research 

activities. During these visits, it 

50

50
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4.5 ChemistryLab Gadolin – Science Education in Chemistry 
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51 The 

52 

51 Arkipäivän kemia, kokeellisuus ja työturvallisuus kemian opetuksessa 
perusopetuksesta korkeakouluihin: IV Valtakunnalliset kemian opetuksen päivät. Helsinki: Kemian 
opetuksen keskus, s. 40–49.

52
gadolin 
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Figure 17. ChemistryLab Gadolin is Finland’s oldest LUMA lab that operates at the university and is a 
popular place for national and international visits. It was established in 2008 in cooperation with the private 
sector. Gadolin received a Global Best Award recognition in 2014. One of Gadolin’s focus areas for research 
and development is sustainable development in teaching, including the use of new forms of energy and 
materials in the teaching of chemistry. Pictured is the hydrogen car activity53 that has been developed to 
inspire children learning chemistry. It is applied to many learning environments (Picture: Sofie Jokinen)

54

Degree Program for Subject Teachers 
in Mathematics, Physics and Chemistry

55. 

53
Mevlana International Journal of Education, 2, 3, s. 53–61.

54

55
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Meaningful design-based research of a non-formal 
learning environment of chemistry in cooperation with the working life” (2017)56.

4.6 Linkki – Science Education in Computer Science

56
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Figure 18. Linkki is one of Finland’s leading operators specializing in science education in computer science. 
One of the aims of Linkki’s diverse science education program is developing interest in programming in 
girls. Pictured above are some participants in Linkki’s Create Your Own Virtual Pet –summer camp. (Picture: 
Arto Wikla)

57 58

59

programming skills60

57
Method. In Proceedings of the The 13th IEEE International Conference on Advanced Learning Technologies 
ICALT.

58 Proceedings 
of the 14th annual ACM SIGITE conference on Information technology education

59 Dimensio, 81(1), s. 7–11. 

60
Schools. ACM Transactions on Computing Education. 15, (2), s. 10:1–10:18.
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Programming for everyone

training and in-service training. 

programming clubs in schools. 
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61 62 63 64

important areas include discovering and mitigating demographical obstacles to 

65

61
ISSEP.

62
SIGCSE ‘14 Proceedings of the 45th ACM technical symposium on Computer 

science education .

63 Agile 
Processes in Software Engineering and Extreme Programming: 14th International Conference, XP 2013, 
Vienna, Austria, June 3–7, 2013, Proceedings: 14th International Conference, XP 2013, Vienna, Austria, 
June 3–7, 2013. Proceedings.

64  Pro 

65 Pulmaario – 
matematiikkaa ja ohjelmointia: ohjaajan opas. Helsinki: Helsingin kaupunginkirjasto. 
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or environmental aspects. 

66 67

4.7 Math Lab Summamutikka – Science Education in 
Mathematics and Statistics 

66

67
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Figure 19. Math Lab Summamutikka as one of LUMA labs is Finland’s only lab that operates at the university 
and that specializes in science education in mathematics. This is a place, where memorable moments are 
made, e.g. in science camps, among new solutions and pedagogical innovations and their development. 
Various researches and theses have been made on the topic of science education in mathematics, for 
example the innovative Pulmaario project (see chapter 6 for more information). In the picture, the participants 
of the camp have a question to be answered: What kinds of skyscrapers would implement the condition 
of the exercise? (Picture: Anni Jyrinsalo, Anne Kivistö and Noora Nuutinen)

mathematics at Summamutikka. Its purpose is to support and promote the teaching 

 Degree Program for Subject Teachers in Mathematics, 
Physics and Chemistry
connected to the math lab68. 

68
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69

70 71 72 73 74

In-service training sessions and other events aimed at teachers, have been 

Heureka. 

2017, 53 school groups, meaning 1326 students visited the math lab. In addition 

69

70 Karjalainen, E. (2017). Kehittämistutkimus: Virtuaalinen matematiikkakerho.  

71 Murtolukujen opetus toiminnallisesti – opetuskokeilu peltipizzamallilla. 

72

73 Toiminnallisen matematiikan reseptivihko

74 Sukkia ja muuta matematiikkaa. Helsinki: 
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5. NEW APPROACHES OF SCIENCE EDUCATION 
FROM EARLY CHILDHOOD EDUCATION TO 
UNIVERSITIES 

models, student teachers that are completing their basic training and teachers in 

5.1 General 
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service teacher education, teaching practice, has been observed as an inspiring 

Figure 20. The activities of the Science Education Centre offer excellent possibilities for all students in every 
faculty at the University of Helsinki in gaining inspiring experience from non-formal teaching in different fields 
of science. The learning environments of the Science Education Centre create new possibilities in inspiring 
learning already during basic teacher training. As a part of their education, students training to be teachers 
learn together with children, youth and the entire families while they instruct science education activities 
and when they reflect on theory by completing various exercises. A virtual online science education course 
(MOOC course, see chapter 5.4.2) gives good, theoretical and practical advice for their implementation. 
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Me, a Teacher? orientation course has 

for the students at the Faculty of Arts

th

learning environment. 
the subject teacher 

training of mathematics, physics and chemistry

The in-service training operations

75,76

and research connected to teachers and teaching. In a strong interaction, both 
parties learn and their science competences are increased. 

Popular, international in-service training has been carried out and is going 

75
Apples – Journal of Applied Language Studies: Special 

76
Ammattikasvatuksen aikakauskirja. 19, 4/2017, 62–69
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Figure 21. Teachers’ in-service training has been carried out during the previous years in China with different 
cooperation partners. (Picture: Jing Ping Xia)

developing national teacher education

Forum77

subjects78

79

77

78

79
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Figure 22. The national LUMA Days that are organized once a year in different universities, offer a good 
learning and meeting forum both nationally and internationally for teachers, teacher educators, researchers, 
future teachers and cooperation partners. In these forums it is possible to spread new solutions and 
pedagogical innovations and to start new openings based on recent research information and a demand. 
Several LUMA Days have been organized at the University of Helsinki since 2004. At the same time there 
is also an International LUMAT Symposium taking place. Yearly, tens of teachers and researchers from 
different countries participate in the LUMA Days and the LUMAT Symposium.

5.2 New Models for Collaborative Learning in the University Level

Science adventures 
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Figure 23. A mutually organized This works! event has been an example of how different operators (future 
teachers, teachers working in the field, teacher training instructors at the university and specialists in the 
private sector) have the possibility of learning together and to share joy of learning (Picture: University of 
Helsinki Science Education Centre)

5.2.1 Science Adventures – Inspiring Learning Outside the University 

education) (see chapter 1.3). 
In teacher education in the Faculty of Arts

teacher students, have inspired children about humanities and taught skills needed 
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Figure 24. Science adventures in schools are an inspiring way to carry out teacher education. The instructors 
of the learning adventure – the future teachers in humanities, can be seen in the picture. (Picture: Mika 
Federley)

In the learning adventure model, a school class is divided into smaller groups, in 

th 

th to 6th

a blog80. 
Mathematical science adventures, the so called Math Days 

80
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is not included in the school curriculum. 

Figure 25. Hands-on, creativity and independent work are important in Math Days. The students get more 
experience from teaching and working with children. For some students, this event is their first experience 
of working with children. At the same time students get to know hands-on mathematics and get new ideas 
for their work as future teachers. (Picture: University of Helsinki Science Education Centre)

81

5.2.2 LUMA Labs as Learning Environments in University Level Teaching 

teachers’ pre-service education and/or 

assignments in pre-service teacher education and in its research, are connected to 
science labs. 

81
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ChemistryLab Gadolin, has been operating as 

 Degree Program for Subject Teachers in Mathematics, Physics and 
Chemistry

82 83 84 85 86

 (e.g. observing 

research assignments
assisting exercises

instruction assignments 

a new model for in-service training: the teacher gets to observe and 

82

83
LUMAT-B: International journal of math, 

science and technology education , 1(3).

84
Science 

Education Research and Practical Work : A collection of invited papers inspired by the 23rd Symposium on 
Chemistry and Science Education held at the TU Dortmund University, May 26–28, 2016 Aachen: Shaker.

85

86

Chemistry Education Research and Practice.
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87

In the Linkki science lab (LUMA lab),

5.2.3 Science Clubs and Camps as Learning Environments 

88

87
maisteriohjelma/opiskelu/opintosuunnat/kemian-opinnot

88
Julkaisussa: Didacta Varia. 

4(2). 17–48
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more about the topic, developed skills in teaching and interaction, and learned to 

5.2.4 New Courses in Cooperation

Global challenges 

LumaLähetit 
(LUMA ambassadors) 

Mathematics 
and natural sciences in society

StarT ambassador operations Science education describes 

(i) The Course ‘Global challenges’ in Cooperation with Upper Secondary Schools

‘Global challenges’



62

subject teachers. 
The course is going to be integrated even more in the national StarT operating 

about the course. 

(ii) The Luma ambassadors operating model as a learning forum for future teachers 

The innovative Luma ambassadors project89 90 91

resource centre) has several goals:
• 

team teaching)
• 

89
html.

90

91
html
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• 
• 

Figure 26. The course Global challenges is a perfect example of collaborative learning and close cooperation 
between different partners. On the interdisciplinary Global challenges course in 2017, upper secondary 
school students – the persons of the future – visited the Helsinki Think Company with the subject teacher 
students (from 4 faculties) (Picture: Amanda Lehtola)

In the operating model, Luma ambassador teams

human and health, the microworld, 

material produced in the Luma ambassador project has been published, and it 
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92 
93 94 95 96 97 98 99 100 101 

Figure 27. Students conducting research in the instruction of a Luma ambassador. In good interaction, 
everyone is able to learn from one another. (Pictures: Anttoni Kervinen) 

92
. 

LUMAT: Research and Practice in Math, Science and Technology Education, 4(2), 67–86.

93
ESERA 2017 Conference E-book.

94 ). Biologiaa tiedeleireillä: leiriaktiviteettien kiinnostavuus lasten näkökulmasta. Pro 
gradu, Kasvatustieteellinen tdk, kasvatustieteiden osasto.

95 Nordström, T. (2016). Tutkimuksellinen maastossa oppiminen. Pro gradu, Kasvatustieteellinen tdk, 
kasvatustieteiden osasto.

96 Tutkimuksellisuus ja eheyttäminen luokanopettajan työssä. Kasvatustieteellinen tdk, 

97 Tutkimuksellisuus ja eheyttäminen luokanopettajan työssä. Kandidaatin tutkielma. 
Kasvatustieteellinen tdk, kasvatustieteiden osasto.

98
kehittämishaasteina. Ainedidaktiikan symposiumi

99
Ainedidaktiikan symposium 9.–10.2.2017, 

100
Conference book, 

ESERA 2017 Conference

101 Conference book, 
ESERA 2017 Conference
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LUMA FINLAND development 
program’s From training to school

(iii) Science and Mathematics in Society: Interdisciplinary Cooperation with 

Companies

project102

 Degree Program 
for Subject Teachers in Mathematics, Physics and Chemistry

103

102

103  



66

LUMA FINLAND 
development program

The developed course104

Visits to companies near schools105

(iv) StarT Ambassadors as Science Educators 

possible to include the StarT ambassador training and acting as an ambassador as 

(see chapter 5.4.2). 

104

105
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club) as smaller and short-term projects, as a separate theme course or as long-

program106

and companies can be ambassadors. 

5.2.5 Examples of Cooperation between University Teaching and Science Education 

chemistry

107. 

University teaching on mathematics

106

107
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108.

109

110

Themes in programming, and more widely in data processing and 
information networks

108

abs/10.1080/00207390802582961 

109

110
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humanities
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5.3 New Training Models for Teachers’ Lifelong Learning 

111 112 

1. Long-term (1–3 years), hands-on training projects, during which the trainees are in 
active interaction between each other and the specialists of the university.

2. Courses for pre-service teacher education at the university, in which also teachers 
at the field can take part in (the courses are carried out so that there is a contact 
teaching part and an online part).

3. Interactive courses that are done completely online e.g. Massive Open Online 
Courses or MOOCs.

4. Working in a StarT learning environment, or carrying out learning projects 
(that follow the concept of StarT) in own teaching, sharing of own ideas and 
achievements and reflecting on them in communal StarT events and online both 
nationally and internationally. 

5. StarT ambassadors and LUMA ambassadors (university students) are on the spot 
in different level learning communities to help teachers and to give them new ideas 
and models from the university, for example the LUMA ambassador project.

6. When bringing their teaching groups for a science lab visit, teachers meet teacher 
students as well as other students and specialists of the university (networking), 
and when they observe the visits they get to know new ideas, materials and 
models and how to apply them. 

7. Afternoon science clubs that take part in the facilities of a learning community, 
the teachers of the community can take part in them (although the future teacher 
students will be the ones who mainly instruct the children).

8. National LUMA Days and International LUMAT Symposiums (bulletin lectures, 
pedagogical cafes, workshops) as forums for sharing and networking, organized 
once a year.

9. Single, short workshops in the evening or weekends e.g. on a requested topic
10. Individual, live and therefore interactive specialist bulletin, or specialist bulletins that 

have been saved online (webinars), e.g. LUMA TV

111

112
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are mentioned in alphabetical order). 

5.3.1 Formative Assessment in Science Education 

The results gathered in this in-service training model have been presented and 
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113 

5.3.2 GeoGebra – Virtual Training

on science education in mathematics. GeoGebra

chapter 3.2.1). 

and a popular theme in trainings that are based on contact teaching: the GeoGebra 

113
luonnontieteissä. Arviointia toteuttamassa: näkökulmia monipuoliseen oppimisen arviointiin. Toimittaja: 
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Figure 28. The themes of the math training vary from hands-on mathematics and from the essential 
mathematical concepts into using ICT in the teaching of math. In the hands-on math training, it is possible 
to explore different teaching and observing materials of math, and their usage (Picture: Rajka Kavonius)

5.3.3 An In-Service Training Project for Language Teaching 

methods. 

th

114

114



74

115. 

Figure 29. In science education in humanities, teachers are supported in teachers’ current questions 
concerning language teaching, by exploiting newest research information. In the picture, language teachers 
are refining their teaching skills together in in-service training. (Picture: Mika Federley) 

5.3.4 Trainings of the LUMA FINLAND Development Program 

development program (see chapter 3.2.1). Their purpose is to support teachers in 

alphabetical order) here: 
A good question! project:

116

115

116
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method117

Finland in 2018–2019. 
Everyday life phenomena project: 

learners into consideration. The models and materials have been developed and 

118

transversal competences. An online course in the project 

Meaningful math project: 

5.3.5 Molecular Gastronomy in Science Education 

Anu Hopia

117

118
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material119 120 121 122. 

5.3.6 Meaningful Pedagogical Use of Technology in Hands-on Teaching 

123.

5.3.7 Other Training Projects: From Summer Courses to MOOCs 

summer 
courses and workshops

the Chemistry Today

119

120
 

121

122

123
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• Getting to know the world of atoms 
and molecules by visualizing 

• Adventure in astronomy
• Differentiation in teaching of LUMA 

-subjects 
• The wind of change of genetic 

engineering 
• Human physiology 
• Chemistry in the working life
• Learning games in chemistry
• Vividness into physics and chemistry 

by narration
• Sustainable chemistry and virtual 

learning environments 
• Inquiry-based physics for class 

teachers
• Physics of the earth and air
• Looking for essential mathematics 
• Mathematics by doing arts, moving 

and playing 
• What do we need mathematics for? 
• Why is this so difficult? The difficult 

themes in upper secondary level 
math 

• Where do we get energy in the 
future? 

• How do we carry out natural sciences 
and how is it produced? 

• A changing view of the world and 
new findings in cosmology 

• Modern websites 
• Learn game programming and its 

usage in teaching 
• Geographical Information System 

(GIS) supporting teaching 
• Game programming in upper 

secondary school 
• Math tree of primary/ lower 

secondary school
• Cans in the right place – recycle 

waste
• Virtual learning environments in 

LUMA -subjects 
• Natural science education that is 

functional and takes place outside 
class

• Functionality into teaching of primary 
school chemistry 

• Functionality to math lessons 
• Inquiry-based learning of chemistry 

in upper secondary school 
• Inquiry-based teaching and green 

chemistry
• Occupational safety in chemistry 

teaching 
• Renewable energy in the modern 

society
• Inquiry-based work dealing with 

water and the environment

Virtual and interactive MOOCs 

Linkki lab

their programming skills
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methods that students are able to master. The learning environment is developed 

classes on programming concepts and their assessment. In some cases participants 

5.4 New Science Education Training for University Students 

5.4.1 A Course for Instructing Science Clubs and Camps 

124

124 Material e.g. 
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Figure 30. The development of science education is carried out in cooperation with different partners and 
universities (see 5.4.2). Here is the structure of the course (that was developed together) for instructing 
science clubs and camps. 

5.4.2 A New Course on Science Education with the Model of Merging Education

Science Education course

Degree Program for Subject 
Teachers in Mathematics, Physics and Chemistry. The course is researched and 
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Figure 31. The MOOC platform for an online course on science and technology education. Anyone interested 
on the topic, can complete the course. The aim is to get different forms of science education into wide 
use all over Finland (the so called “science club in every village”)
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6. NEW APPROACHES IN SCIENCE EDUCATION  
FOR CHILDREN AND FAMILIES

6.1 Operating Models

solutions and pedagogical innovations are being developed into science education 

Figure 32. Forms of science education for children and entire families that operate or have operated as 
research and development environments for science education, as far as thematic focus areas and ways 
of implementation are concerned (see chapter 1). 
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6.2 Models for Science Clubs 

clubs 
 (chapter 6.2.1) and interdisciplinary clubs 

(chapter 6.2.2). 
family science education) are going to be 

6.2.1 Discipline Specific Clubs 

(i) Math Clubs
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Figure 33. Would you be able to solve the encrypted words with the help of this Enigma machine that 
has been made out of paper? In the math clubs, it is possible to e.g. play detectives and to explore different 
methods of encryption (Picture: Jenni Räsänen).

mathematicians. 
125, so that teachers 

online course (chapter 5.4.2). 

125
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(ii) (Game) Programming Clubs 

Figure 34. In a robot programming club, mechanics and building skills are also at work. (Picture: Hanna 
Aarnio)
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126, coordinated 

teaching programming. 

127.

teachers to use. 

(iii) Chemistry Clubs

Ksenonit virtual club, 

126

127  
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Figure 35. An inspiring Ksenonit website was the first virtual project of science education at the University 
of Helsinki. After this inspiring project, the Jippo online magazine has been produced for children’s science 
education and as its part a small children’s virtual club model. 

128. There it 

Ksenonit club 
is still available online129

128

129
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Figure 36. Chemistry science clubs are a subject of research and development in science education in 
chemistry, but also a part of learning environments for teacher education in chemistry. In the first picture, 
the participants of the club are studying what the soil consists of. (Picture: Veikko Somerpuro). In the second 
picture, in a StarT science club called “Chemistry and Art”, children are making refrigerator magnets out 
of starch (Picture: Pipsa Blomgren).
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a detective 
club, mystery club, tasty molecules and material club.

6.2.2 Interdisciplinary Science Clubs 

small 
children’s science clubs for 3–6 year-olds
club), (ii) Pulmaario workshops on mathematics and programming and 
(iii) Chemistry and Art science club

(i) Small Children’s Science Clubs 

doctoral dissertation has been made in the research group, concerning the topic 

education: 

(i) development of a science education model for 3–6 year-old children, 
based on research130

130
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and teacher students have participated in instructing these clubs. The clubs also 

(ii) Small children’s science education as a part of kindergarten 
curriculum

131 The model has been spread around and is applied 

implementation.

the virtual club model

132

(iv) Small children’s science club operating model has been developed 
133

131

132
valmistumassa. 

133
materiaaleja-ja-tukea-innostavaan-lasten-tiedekasvatukseen
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online course. 

Figure 37. Small children’s science education 
project is a part of research of the Science 
Education Centre. In the picture, the small 
participants are wondering about different 
colors. (Picture: Merike Kesler)

(ii) Pulmaario Workshops on 

Mathematics and Programming 

An innovative Pulmaario project 

The Pulmaario Practical Guide134

134
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the Pulmaario workshop 
model

Figure 38. The atmosphere in a Pulmaario workshop (Picture: Maija Pollari)

(iii) Interdisciplinary Science Clubs 

Chemistry and Art science club (the so called StarT 
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Figure 39. In the Chemistry and Art science club, the solubility phenomenon was studied by using permanent 
markers with different liquids. At the same time, the children were able to produce gorgeous dyed fabrics 
that the children could take home with them. (Picture: Essi Purhonen)

A StarT science club rd to 
7th
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Figure 40. The professor mentor, Heikki Tenhu, produced slime that is made up of polymers, with the children. 
It was inspiring to explore the behavior of polymers with the help of the slime. (Picture: Iisa Rautiainen)

StarT 
projects
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sessions and methods. 
Families

out as an inspiring hands-on model. 

Figure 41. The children got the chance to 
instruct their families on how to produce 
for example bioplastic during their 
Chemistry and Art science club. (Picture: 
Maija Aksela)

6.3 Models for 
Science Camps

2004. These camps are 

also during Autumn and Spring 
breaks). The camps are aimed 

interested in nature, science, 
the environment, mathematics 
or programming. In 2017, 31 

are interested in the nature. 
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Figure 42. Science camps are a subject of research of science education. They help children and youth 
to get inspired about science and help finding new friends. The summer camps also offer activities out in 
the nature. (Picture: Tuuli Holttinen)

integrate

• Android programming camp for 11–15 year-olds: 
Android devices is practiced in the graphical online programming environment 

• Looking for the missing jewel camp for 10–12 year-olds: Someone has 
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solving problems. Do the children have the courage to take up the challenge 

• Science theater in Kumpula camp for 9–12 year-olds: 

shocking phenomena in science. 

• Dealing with physics camps for 8–10 year-olds and 10–12 year-olds: 

Thesis.135 136

publication is going to be made concerning the research data. 

135

136
LUMAT, 6(1).
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6.4 Models for Science Parties

Gadolin in 2012. 

ones can be chosen. 

• 

• 

• 

• 

• 

6.5 Virtual Operating Models

education have been: (i) Ksenonit virtual club (started its operations in 2003), 
(ii) Jippo online magazine small 
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children and families’ Jippo virtual club
Linkki virtual 

programming club (launched in 2015–16) and (v) StarT GoEdu! science club 
(started its operations in 2017). 

The virtual club Ksenonit (Xenons
website 

for Ksenonit

Jippo online 
magazine

including the virtual club have been archived online since 2016137.

Figure 43. Jippo online magazine that inspired children and families. It received the annual state award 
for information publication in 2009. Inspiring small children’s science education website138 continued the 
operations of the archived Jippo online magazine in 2017. 

137

138
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virtual StarT GoEdu! science club is to inspire children 

rd to 7th graders, 

and in English. 

Figure 44. It was pondered in the StarT virtual club: What kinds of feelings do astronauts go through 
while they are traveling through space? (Picture: Amanda Lehtola)

StarT GoEdu! club

139

Linkki virtual programming club 
challenges in the graphical Scratch programming environment. These challenges 

139
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all over Finland. It is important that virtual and online projects are not seen as a 

6.6 Events for Families 

models have been developed in science education: (i) Ksenonit science days, 
(ii) Jippo science days, (iii) a ThinkFest event in cooperation

science parties and (v) 
clubs

godparent(s). 
Various science days 

The Ksenonit science day
Jippo
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Figure 45. A chemistry workshop in the Ksenonit science day in Kumpula in 2004. It was carried out as 
a part of pre-service teacher education at the Department of Chemistry (Picture: Lauri Vihma)

tested in these events. 
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7. NEW APPROACHES IN SCIENCE EDUCATION  
FOR YOUTH 

7.1 Operating Models 

operating models (see Figure 46) in research and development projects have been 
used: 

Figure 46. The forms of science education aimed at youth. They operate as research and development 
environments of science education as well as learning environments for teacher training. 
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7.2 Models for Science Clubs 

SoMa club for girls and 
(ii) a virtual Mathversum club. 

the SoMa club. The 

Figure 47. What kind of a tumor is there inside this infected box? The participants of the SoMa club got 
to explore medical imagining with the help of a Mystery box exercise. (Picture: Elisa Lautala)

important. 
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Mathversum140

141 142. 

7.3 Science Camp Models – National and International

for the youth (chapter 7.3.1) and 

Millennium Youth Camps. 
research and development of the Centre.

7.3.1 The Science Education Centre’s Summer Camps for the Youth

Me, a chemist? 

present various career possibilities among natural sciences. More people applied 

140

141

142 Dimensio, 80(2), 29–31.
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Figure 48. Young researchers on Me, a chemist? camp in 2003. (Picture: Lauri Vihma)

• Me, a chemist? summer research courses for upper secondary school 
students during 2003–08 and 2016: 

• Me, a scientist? camp for 14–19 year-olds in 2017: 

programming camp for girls during 
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143. 

7.3.2 A Model for Supporting the Interests of High-achieving Youth, and 
Networking Internationally: Millennium Youth Camps

The international Millennium Youth Camp 

universities in the Helsinki Metropolitan Area. During the camp, the participants 

Figure 49 (on the next page). An inspiring international Millennium Youth Camp was one research and 
development project of science education in cooperation with various cooperation partners. Numerous 
scientific publications and a dissertation have been written on the topic. (Pictures: University of Helsinki’s 
Science Education)

143  
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A doctoral dissertation144

7.4 Course Models for Upper Secondary School Students

three good course models that have been carried 

7.4.1 An Intensive Course on Pharmaceutical Chemistry

144
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7.4.2 A Course “Chemistry of Health and Well-being” 

Figure 50. At the final lecture of a course “Chemistry of health and well-being”, the students presented 
their project works that they had done during the course, to each other and the personnel of the University 
of Helsinki. (Picture: Johannes Pernaa)
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Chemistry as a science

7.4.3 A Course ‘Global Challenges’

7.5 Dyna-meets

Dyna-meets concept. Free 

a LUMA diploma
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Figure 51. In the Dyna-meets, using hydrogen energy as the source of energy for cars is researched. 
(Picture: Sakari Tolppanen)

145

7.6 Virtual Operating Models

in chapter 3.3.4

145
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7.6.1 National and International Online Publications for Youth

Luova (My Science) 

146

Mathversum (see chapter 7.2.) are a 

Figure 52. The popular Luova (MyScience) online magazine for youth.

146
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Kreativ 
147

Figure 53. The popular Kreativ online magazine for youth.

Luova, MyScience, 

148.

147

148
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Figure 54. The popular MyScience online magazine for youth.

EU 
Contest for Young Scientists

European Journal for 
Young Scientists and Engineers (EJYSE)

149 in 2014. 

Figure 55. EJYSE journal for youth.

149



115

7.6.2 Online Courses for Programming 

programming 150 have reached 

to the course. 

built into the course151

solutions. 

152 153 154 155

156

150

151

152

153

154

 

155
SIGCSE ‘14 Proceedings of the 45th ACM technical symposium on Computer 

science education.

156
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8. NEW FORMS OF COMMUNICATION

8.1 Communication Models 

157

157
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Also, social media such as Facebook158 159

160 has also been used. Some science labs also have their 

Media announcements161

programs. 

8.2 LUMAT Online Publications: National and International Open 
Route for Publishing Peer-reviewed Research and Spreading 
Out Pedagogical Innovations

manuscripts also in English since the beginning. The publication has been given 

162 163

158

159

160

161

162

163
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Appendices
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