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New curriculum towards Big ideas in science education
Helena Thuneberg a, Hannu Salmi a, Mari-Pauliina Vainikainen b, 
Ninja Hienonen a and Jarkko Hautamäki a

aFaculty of Educational Sciences, University of Helsinki, Helsinki, Finland; bFaculty of Education, University of 
Tampere, Tampere, Finland

ABSTRACT
This study responds to the demands of the rapidly changing land-
scape of education, the 21st century competencies and develop-
ment of curriculum. Those competences are being interpreted all 
over the world resulting to differing curricular changes. In the 
Finnish National Core Curriculum 2016 they are presented as 
seven transversal competences that guide all subject-specific 
instruction and must also be addressed through multidisciplinary 
learning modules. Our analysis aims to connect the relevant curri-
culum theory and new perspectives to everyday school practices. 
The perspective is that of the teacher education students: how the 
student teachers experience the demands and possibilities of the 
new national curriculum. A science teaching/learning module for 
promoting the Big ideas of Science education was introduced to 
them in an out-of-school environment. The results show how con-
fident the student teachers (N = 108) were when facing the chal-
lenge of integrating the competences into teaching. The future use 
of this type of pedagogy was predicted by the Structural Equation 
path model. The results show that in general integration of the 
competences was not experienced as hard, but it was more challen-
ging to figure out how to fit them into the daily school routines and 
timetables.
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National curricula have to change in order to meet the needs of the 21st century 
competences (Voogt & Pareja Roblin, 2012) expected to be essential in the future in 
the changing world and working life. In this study, we firstly explore how the general, 
internationally discussed, idea of the competences is articulated in the Finnish National 
Core Curriculum 2016. Then we present empirical results of how confident the teacher 
education students are when facing the challenge of integrating those competences into 
everyday schoolwork, specifically into science teaching following the Big principles and 
ideas of science education. In other words, the question is how the disciplinary approach 
based on school subjects and the integrative approach stressing general skills will fit 
together in the minds of the students.

CONTACT Helena Thuneberg Helena.Thuneberg@Helsinki.fi Faculty of Educational Sciences, University of 
Helsinki, Helsinki, Finland

TEACHERS AND TEACHING                               
https://doi.org/10.1080/13540602.2022.2062739

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License 
(http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any med-
ium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

http://orcid.org/0000-0002-6213-3509
http://orcid.org/0000-0003-1791-4098
http://orcid.org/0000-0003-4186-692X
http://orcid.org/0000-0001-9381-9442
http://orcid.org/0000-0002-3460-8810
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/13540602.2022.2062739&domain=pdf&date_stamp=2022-04-13


By definition, the global competence is a multi-dimensional construct, which should 
fit in intercultural contexts and be concerned with, but knowledge and skills, also values 
and attitudes and respectful interaction with people (OECD, 2018). The problem is that it 
is difficult to imagine the construct to be shared and understood in a similar manner 
everywhere. In addition to the cultural differences, there are many other intervening 
factors, which shake the plans and policies. School curricula have been traditionally 
under pressures by lobbyists from different sources in society: politicians, parents, 
industry, trade unions, media, NGOs and other organisations (IHCR, 2013). Very 
often this process has been related to rapid changes in modern societies and technology 
like the so-called ‘Sputnik phenomenon’ in the USA in the 1950s when the Congress 
passed the National Defence Education Act (NDEA), and some scientists like Professor 
Frank Oppenheimer were enlisted to develop new curricula (Hein, 1990). Also the 
collapse of the Soviet system started huge change in the former Eastern Europe. We 
can only wait and see what the consequences will be due to the global pandemia!

Despite some existing consensus, sceptic voices arise. The recent critical review by 
Robertson (2021) wake the doubt from the fact whether the concept of the global 
competence can ever be congruently understood and whether it can be spread in different 
parts of the world as, for example, in the OECD it has been thought. The view is also 
rather pessimistic to the development of the effective assessment methods of the compe-
tence. The importance, however, is recognised, but national differences are also evident.

In last decades, educational policymakers and organisations all over the world have 
developed models to tackle this challenge by using varying concepts for addressing the 
largely overlapping sets of domain-general or interdisciplinary competences (e.g., Boix 
Mansilla & Dawes Duraising, 2007; Boix Mansilla et al., 2000; Deakin Crick et al., 2014; 
Grek, 2020; OECD, 2013). Interdisciplinary understanding can be defined as the capacity 
to integrate knowledge with modes of thinking in several disciplines, school subjects or 
other established academic areas (Boix Mansilla & Dawes Duraising, 2007). This process 
can produce clear cognitive advancement, especially skills to explain complicated phe-
nomena, problem solving, or practical maker skills to create concrete products and 
outcomes. The characteristic feature in this process is that these processes could not 
have been realised or been very unlikely to achieve through single school subject 
discipline manners (Boix Mansilla et al., 2000).

The European Union first paid attention to this phenomenon already a decade ago 
(Rocard et al., 2007) and has been underlining it (EU, 2019) through recent efforts and 
funding (STORIES, 2019). Enhancing domain-general competences in educational 
contexts is, thus, not a new idea (Adey et al., 2007; Resnick, 1987), but integrating 
them into subject-specific teaching has shown to be difficult due to both lack of 
teachers’ competences and short-sighted educational policy decision-making 
(Pellegrino & Hilton, 2012).

The search for the global competences and essential generic skills represented in the 
lists of 21st century competences intersect with the area of the Big principles and ideas 
of science education (Harlen, 2010), both of which people should understand and be 
able to apply in different contexts in life now and in the future. According to a National 
Research Council (NRC; 2010) workshop, titled ‘Exploring the intersection of science 
education and 21st century skills’, in addition to the reform of the curricula, there is an 
urgent need for capacity building for the teachers. In order to be able to promote the 
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ideas and skills for the students, teachers should learn those competences themselves 
(Windschitl, 2009), and accordingly our aim in this study was to analyse how confident 
the student teachers consider themselves when facing the challenge of the 21st century 
competences.

In order to facilitate the adoption of these principles and concepts into everyday 
teaching, more research is needed on teachers’ understanding about the curricular 
concepts and how they see them connecting to actual working methods. In this study, 
we focus on 21st century competences as curricular goals and out-of-school working 
methods as a potential tool for supporting the implementation of these goals in 
everyday teaching. We refer to Hilt et al. (2019) and believe there is a need for studies 
that analyse how the global generic concepts of competences are understood, practiced 
and implemented in national contexts, in this study in Finland. As this is one of the 
first attempts to do this (Fibonacci, 2012; STORIES, 2019), we explore future teachers’ 
understanding about the central concepts and the utility of the innovative teaching 
methods in enhancing them. We assume the process to follow the lines and phases 
suggested by Showers and Joyce (1996), p. 1. awareness of the central ideas of change, 
2. understanding of the essential concepts, 3. acquisition of the skills and 4. application 
of the skills.

In a typology of curriculum representations by Van den Akker (2010) these abilities to 
apply knowledge and skills belong to the category of the intended curriculum, which is 
distinguished from the implemented and attained curriculum. The intended curriculum 
is an ideal that shows the vision and philosophy behind the curriculum in a written and 
formal form. In a recent paper, Annette Scheunpflug (2020) stresses the importance of 
the interplay between formal and informal learning in the framing of the global compe-
tences. Accordingly, in this study, we aim to explore how the transversal competences of 
the intended curriculum are comprehended by the student teachers in a science centre 
out-of-school education context.

Representation of the 21st century competences in the Finnish national 
curriculum

In Finland, 21st century competences are called transversal competences and were 
included in the Finnish National Core Curriculum in 2016 (National Board of 
Education, 2014). Transversal competences are seen as overarching principles that 
guide all subject-specific instruction and must also be addressed through multidisci-
plinary learning modules (Halinen, 2018). The seven areas of competences (T1–T7) 
are stated to form an entity of knowledge, skills, values, attitudes and will. 
Competences realise as abilities to apply knowledge and skills appropriately when 
needed.

(T1) Thinking and learning to learn refers to a profound competence, which underlies 
and influences all the other competences. Its essential elements are observation, reason-
ing, problem-solving, critical evaluation and knowledge sharing skills. Managing and 
evaluating own learning is an essential part of this competence area.

(T2) Cultural competence, interaction and self-expression means the ability to act in 
a sustainable way in a world with diverse cultures, to respect human rights and to express 
one’s views by simultaneously appreciating others’ perspectives.
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(T3) Taking care of oneself and managing daily life competence refers to a wide-range 
of skills dealing with health, safety and human relationships. It includes managing to 
operate with surrounding technology, personal finance matters and being a critical 
consumer—and all these skills applied in a sustainable way.

(T4) The fourth competence, Multiliteracy is based on a broad interpretation of text 
including spoken, printed, audiovisual and digital forms. Based on the core curriculum, 
this competence includes interpretation and judgement skills, which will add under-
standing of diverse modes of cultural communication. and to form one’s personal 
identity.

(T5) Information and communication technology (ICT) Competence enhances thinking 
and learning-to-learn skills, and it is both a sub-skill of multiliteracy and an essential skill 
in itself. It relates to understanding ICT’s principles and essential concepts. This compe-
tence involves managing ICT’s practical applications safely and creatively in presenting 
and communicating thoughts and ideas in different ways.

(T6) The sixth competence refers to Working life competence and entrepreneurship. 
Because of changes to working life due to advancements in information technology and 
the globalisation of the economy, new skills are being demanded for the future. To 
develop this competence one has to get experiences and practice to better understand 
work life, enterprising and entrepreneurship and one’s personal and shared responsibility 
in the society.

(T7) Finally, Participation, involvement and building a sustainable future is 
a competence that can be seen as a prerequisite of democracy and refers to active 
citizenship, which develops with others and only through practice. It means active and 
responsible participation and involvement.

These seven competences are listed, described and explained in the core curriculum 
and connected to the relevant learning contents in each school subject and at every grade 
level (see for an example Table 3). Moreover, an essential context by which to integrate 
the competences are the suggested multidisciplinary learning modules, which should be 
implemented in the school practices at least once per year in order to allow pupils to see 
interdependences between the phenomena and in interaction with others to build mean-
ingful knowledge entities.

Although the Finnish curriculum reform aims to prepare for the challenges of the 
future (Halinen, 2015) and the generic competences are stressed, it is important to 
acknowledge that neither the disciplinary approach nor the integrative is more important 
than the other. Instead, based on (Olson (2003), both serve equally important although 
very different goals. Furthermore, it has been noticed that de-contextualisation of knowl-
edge can only happen by gaining extensive experience, practice and feedback in a domain 
in concern (Ruiz-Primo, 2009; Bransford et al., 2000; Klein, Kuh, Chun, Hamilton, & 
Shavelson, 2005). Thus, only then does it become generic in nature. Mastering the generic 
competences helps to see the common features of the contextualised knowledge and 
concepts of the different domains or school subjects. What links them is transfer, which 
supports the forming of analogies between the conceptual entities and gives tools for 
more complex problem-solving and thinking.

Because as Akker states ‘there may be a gap between the needs of the knowledge 
society expressed by the advocates of 21st century competences and the ways in which 
these competences are addressed in national and school curricula—i.e. the implemented 
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curriculum’, we made a simple comparison between the international frameworks of the 
21st century competences (Voogt & Pareja Roblin, 2012) and the seven transversal 
competences of the Finnish curriculum. The international frameworks in the comparison 
have been comprehensively collected by Voogt and Pareja Roblin (2012) from the official 
websites. In addition, they have included three studies in their comparison, which 
represent the conceptualisations of the 21st century competences in the EU and OECD 
countries and schools (SITES studies).

Based on a review of the literature (Voogt & Pareja Roblin, 2012), frameworks for 21st 

century competences were presented as meta-analysis. The following frameworks were 
included in their study: Partnership for 21st century skills (P21), EnGauge, Assessment and 
Teaching of 21st Century Skills (ATCS), National Educational Technology Standards 
(NETS), Technological Literacy Framework for the 2012 National Assessment of 
Educational Progress (NAEP), Organization for Economic Co-operation and Development 
(OECD), EU-European reference framework and UNESCO—ICT competency framework.

Comparison of the 21st century competences with the Finnish transversal competences 
in the national curriculum show that they seem to be well in line with the international 
frameworks. This is as expected based on Voogt and Roblin, who found a strong align-
ment of the horizontal consistency, in other words, an agreement on the need for 
competences and their importance relating to areas such as communication, ICT, colla-
boration, critical thinking and cultural awareness. More differences were found in relation 
to the core subjects and their belonging to the frameworks. While the competences are 
agreed upon, Voogt and Roblin conclude there is lack of vertical consistency, which means 
how the competences become carried out in the school practices.

Despite the relatively high-grade agreement of the transversal competences, there is 
likely more or less variation within nation and also local variation in ways the compe-
tences become integrated into the teaching and learning practices. Moreover, there seems 
to be timely fluctuation within the conceptual frameworks. For example, in a relatively 
short time period, the EU framework from 2006 (EU, 2006)has been found as insufficient 
and reframed in 2018.

The Recommendation on eight key competences for lifelong learning adopted in May 2018 is 
an important step forward. It updates the 2006 Recommendation, taking into account the 
requirements of the world we live in today. It also goes further. Only describing the compe-
tences we should have is not sufficient. That is why the new Recommendation gives guidance 
and good practice examples to help us achieve our goals.

The Finnish curriculum states that integrative instruction, in which the transversal 
competences become related to relevant contents, supports pupils to understand the 
relationships and interdependencies of the phenomena concerned. However, the 
intended curriculum with its competence goals is not equivalent to the attained curricu-
lum (cf., Van den Akker, 2010). The degree of success, the process of narrowing the gap 
between the ideal and real, is crucially important as it relates to the vertical consistency 
and simultaneously to equity of education. In everyday schoolwork, the success reduces 
the pressure the becoming teachers likely feel relating to the pedagogical practices (see, 
Gemmink et al., 2020)
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The interesting question is, thus, how challenging do the teachers experience adapta-
tion of the intended curriculum, i.e. integration of the transversal competences into 
teaching and to school subjects and their contents. This is hypothesised to be somewhat 
hard, because even a superficial content analysis of the curriculum evokes some con-
sideration of the conceptual connections from objectives and contents to the transversal 
competences. It is understandable that these cannot be definite, exclusive and uniform. 
However, the more uncertainty about those connections, the less they can function as 
pedagogical guides for the teachers. Using Biology as an example, in Table 1, the same 
Content areas related to the objectives (C1—C6) are connected to the transversal compe-
tences in a somewhat inconsistent way. When one analyzes the verbs and substantives of 
the objectives of instruction (the objectives are numbered as O1–O14), for example, in 
the O1, there are verbs like ‘understand’, ‘compare’, ‘recognize’, and those are connected 
to ‘structure’ and ‘function’. All of these are clearly elements of T1 Thinking and learning- 
to-learn, especially if one reads the whole description of T1 in the curriculum (see 
Chapter 3 Mission and general goals of basic education, 3.3. Aiming for transversal 
competence). The example context is biology instruction in grades 7–9.

This is an example of the pedagogical challenges teachers face when they try to 
implement the curriculum as well as they can.

Research questions

In the science centre we introduced a multidisciplinary science teaching/learning module 
for the student teachers as a pedagogical alternative for teaching the transversal compe-
tences, and we wanted to know their experiences about this pedagogical solution. The 
research questions of the empirical study were:

(1) How confident are the student teachers when facing the challenge of integrating 
the transversal competences into teaching?

(2) What would predict implementation of the multidisciplinary science module type 
pedagogy for learning the 21st century transversal competences at school (the attained 
curriculum)? The predictors were: 1. conceptual understanding of integration of the 
seven competences: confidence in integrating the science centre type pedagogy and the 
seven transversal competence areas of the National core curriculum into teaching; 2. 
practical application of at the science centre learned pedagogical alternative: ability to 
apply the model in practice, i.e. in the school time-table, in preparation of the lessons and in 
the local curriculum; 3. experienced usefulness of time spent in the course; and 4. belief of 
needed extra training. In the formed and tested model gender, age and experience as 
a teacher and as a tutor of out-of-school activities were taken into account.

Method

Research context

Every year since 1994 more than 200 students teachers from the University of Helsinki 
participate in the ‘Integrative science education course’ (5 ECTS points). The core of the 
course is one whole day of studies in the Science centre with hands-on experiments, 
interactive exhibits, a modern science exhibition, workshops, laboratories, 
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demonstrations and a planetarium. The study period consists of pre- and post-lectures by 
pedagogical experts and professors. This multidisciplinary science learning module 
bridges the gap between formal education and informal learning via teacher education. 

Table 1. One example of questions relating to the objectives of instruction, content areas and their 
connection to the transversal competences.

Objectives of instruction in biology in grades 7–9

Objectives of instruction

Content areas 
related to the 

objectives
Transversal 

competences

Considerations of the 
appropriateness of belonging of 

the transversal competences

Biological knowledge and understanding

O1 to guide the pupil to understand the basic 
structure and functions of the ecosystem as 
well as to compare different ecosystems and 
recognise species

C1-C4, C6 T4, T5 Why T5 ICT competence? 
Why not T1 Thinking and learning- 
to- learn?

O2 to help the pupil describe the structures and 
vital functions of organisms and to 
understand the structure of the biological 
taxonomy

C1-C5 T4, T5 Why T5 ICT competence? 
Why not T1 Thinking and learning- 
to- learn?

O3 to guide the pupil to examine the adaptation 
of organisms to various habitats and to 
understand the significance of diverse 
habitats for biodiversity

C1-C4, C6 T4, T7 Why not T1 Thinking and learning- to- 
learn?

O4 to guide the pupil to understand the basic 
principles of heredity and evolution

C1, C4, C5 T1

O5 to guide the pupil to understand human 
development and basic functions of the 
human body

C5 T3

O6 to guide the pupil to evaluate changes 
occurring in natural environments and the 
human impact on the environment and to 
understand the significance of ecosystem 
services

C6 T4, T7 Why T4 multiliteracy? 
Why not T1 Thinking and learning- 
to- learn?

Biological skills
O7 to guide the pupil to develop his or her 

scientific thinking skills and understanding of 
causal relationships

C1-C6 T1

O8 to guide the pupil to use biological research 
equipment and information and 
communication technology

C1-C5 T1, T5

O9 to guide the pupil to compile a collection of 
organisms and grow plants in order to 
understand biological phenomena

C1-C4, C6 T5, T6, T7 Why not T1 Thinking and learning- to- 
learn?

O10 to guide the pupil to conduct research both 
in and outside of school

C1-C6 T1, T5 Why T5 ICT competence? 
Why not T1 Thinking and learning- 
to- learn?

O11 to encourage the pupil to apply biological 
knowledge and skills in his or her own life and 
in societal discussion and decision-making

C6 T2, T3, T7

Objectives related to attitudes and values in 
biology

O12 to inspire the pupil to deepen the interest in 
nature and its phenomena and to strengthen 
his or her relationship with nature as well as 
his or her environmental awareness

C1-C6 T7

O13 to guide the pupil to make ethically founded 
decisions

C6 T7

O14 to inspire the pupil to become actively 
involved in building a sustainable future

C6 T5, T7 Why T5 ICT competence?

Note. Key content areas: C1 Biological research, C2 Field trips to nature and the surroundings, C3 The basic structure and 
function of an ecosystem, C4 What is life, C5 The human being, C6 Towards a sustainable future
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A science centre is a learning laboratory in two senses: First of all, it is a place where 
a visitor can learn scientific ideas by themselves using interactive exhibit units. Secondly, 
it is a place where informal education can be studied in an open learning environment. In 
this study the science centre forms the platform for testing and evaluating the new 
National Curriculum of Finland with the new tasks of seven transversal competences. 
Previously, several other out-of-school education and informal learning research projects 
have been administrated in this open learning environment. (for details, see, cf., 
Fibonacci, 2012; Salmi, 2003; Salmi et al., 2016; Thuneberg & Salmi, 2018).

Sample

There were 108 teacher students, of them 94 females (88%). The majority of the student 
teachers were 24 years old or less (63%), 25 to 30 years (14%) and over 30 years (23%). Of 
the students 25% had no working experience as a teacher, but 10% had been teaching 
more than for five years. One-fourth of the student teachers had not been tutoring in out- 
of-school activities; however, the majority of students had been tutoring in one or two 
activities and 15% in three or more females were more active than males (Chi sq = 4.397, 
p = .036). Most of those who had been tutors had participated in camps or sport or 
church-related activities (Table 2).

Ethical considerations

The participants were adults, consented voluntarily to participate and they were appro-
priately informed of the processing of their personal data where all personal identifica-
tion was made impossible. Data collection by the questionnaire did not cause harm or 
damage to the participants.

Instrument

To measure students teachers’ views of the integration of transversal curricular goals and 
the multidisciplinary science teaching module into their future teaching, we developed 
We applied a questionnaire consisting of 13 questions. All the questions were answered 

Table 2. Out-of-school activities in which student teachers 
have acted as tutors (Note! Some student teachers were tutors 
in more than one activity).

n %

Camps 42 39
Sport 35 32
Church 35 32
Music 14 13
Scout 12 11
other* 11 10
Art 6 6
Nature 2 2

*other = baby-sitting, school afternoon clubs, craft club
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on a five-point Likert scale. First, we asked how sure the students felt about integrating 
the methods and contents of the multidisciplinary science teaching module with each of 
the seven transversal goals of the core curriculum. We first report the results to these 
questions descriptively, but for further analyses we also formed a summed variable 
Transversal integration of conceptual understanding of the seven competences 
(α = .76). The questions related, in addition to the ones already mentioned, to the 
following: easiness to include the methods learned in the science centre into the school 
timetable, likeliness to apply the methods at school in the next five years and the need for 
additional training for the methods. Overall experience of usefulness of the course in 
relation to time spent in it was also explored. Of these questions, we formed a sum 
variable Integration in practice to find out how easy it was for the science centre contents 
to be integrated with the curriculum, school timetable and preparation time (3 
items, α = .61).

The background variables were gender, age, experience as a teacher and experience as 
a tutor in out-of school activities.

Statistical methods

First, we report descriptive statistics for the student teachers’ overall experience of the 
integration of the transversal competencies and the multidisciplinary science teaching 
module. Next, we compared groups by the one-way analysis of variance and the non- 
parametric Kruskal-Wallis ANOVA test in cases in which the sub-group size was less 
than 15. In order to answer the main research question, the predictions on the future 
usage of the Science centre-type module were based on the Structural equation (SEM) 
path-modelling (SPSS Statistics 25; AMOS 25), using a non-significant chi-square value, 
CFI and TLI > .95 and RMSEA < .06 as criteria for good fit.

Results
The first aim was to find out how confident the student teachers were when facing the 

challenge of integrating the transversal competences into teaching.

Statistical descriptives

Overall the absolute means (Table 3) were on the scale 1–5 high (M = 3.86). The highest 
mean was related to easiness to integrate the multidisciplinary science teaching module 
with the curriculum in general (M = 4.34), and with the T7 competence Participation, 
influence and sustained future development (M = 4.30). The lowest means were connected 
to questions of How much extra time you think is needed for learning the module 
(M = 2.32) and How easy did you feel it was to integrate the multidisciplinary science 
teaching module contents with the T6 competence, work life and entrepreneurship 
(M = 3.10). The most deviation was gathered in the question of how the students rated 
the time spent in the course in relation to its usefulness (SD = 1.059).

According to the opinions of the students measured by the Likert-scale items, it was easier 
to integrate the multidisciplinary science teaching module contents with teaching than to 
find preparation time or to integrate it with the school timetable. However, the majority of 
the students were confident in all of those (integration of the module into teaching: 93%, 
n = 100; finding preparation time: 54%, n = 58; integration into school timetable: 69%, 
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Table 3. Statistical descriptives of the Likert-scale (1–5) variables.
N = 108 Mean Std. 

Dev.
Age-group 
a = youngest, 

24 years or less, 
b = middle, 25 to 
30, c = more than 

30 years

Teacher experience 
a = less than 

1 year, b = 1 year 
or more

Tutor experience 
overall, a = no 

experience, 
b = experience, 

and 
in different 

tutoring areas

How easy to integrate the 
multidisciplinary science 
teaching module contents 
with curriculum

4.34 .614 F(1,106) = 6.536* 
a > b

F(1,107) = 5.755* 
sport > others

How easy to integrate the 
multidisciplinary science 
teaching module contents 
with school timetable

3.67 .749 F(1,106) = 4.741* 
a > b

How easy to integrate the 
multidisciplinary science 
teaching module contents 
with preparation time

3.42 .855 F(1,106) = 6.679* 
a > b

How likely to use contents of the 
multidisciplinary science 
teaching module in teaching 
in 5 years

3.5 .743 F(1,107) = 4.451* 
sport > others

How easy/difficult to integrate 
the multidisciplinary science 
teaching module contents 
with Thinking and learning to 
learn (T1)

4.28 .698 F(2,104) = 11.875*** 
b, c > a

F(1,106) = 6.123* 
a > b

How easy/difficult to integrate 
the multidisciplinary science 
teaching module contents 
with Cultural competence, 
interaction and self-expression 
(T2)

3.69 .817 F(1,106) = 6.045* 
a > b

How easy/difficult to integrate 
the multidisciplinary science 
teaching module contents 
with Taking care of oneself and 
managing daily life (T3)

3.88 .832 F(2,104) = 3.668* 
c > a

χ2(1) = 3.891* 
art > others

How easy/difficult to integrate 
the multidisciplinary science 
teaching module contents 
with Multiliteracy (T4)

3.89 .861 F(2,104) = 7.521** 
c > a

How easy/difficult to integrate 
the multidisciplinary science 
teaching module contents 
with ICT Competence (T5)

4.08 .841

How easy/difficult to integrate 
the multidisciplinary science 
teaching module contents 
with Working life competence 
and entrepreneurship (T6)

3.1 .921 F(1,106) = 4.679* 
b > a 

χ2(1) = 4.082* 
nature (Note! 

n = 2) > others
How easy/difficult to integrate 

the multidisciplinary science 
teaching module contents 
with Participation, involvement 
and building a sustainable 
future (T7)

4.3 .73

How useful time spent in the 
multidisciplinary science 
teaching module (lectures & 
visit)

4.2 1.059 F(1,106) = 5.032* 
a > b

χ2(1) = 333.00* 
others > scout

(Continued)
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n = 74). Most (83%, n = 90) of the students thought they would benefit from some extra 
training (50%, n = 54: 1–4 h; 33%, n = 36: 5–8 h), very few (4%, n = 5) required more than 8 h 
extra training, but 12% (n = 13) stated there was no need at all for that. Almost 95% (n = 103) 
of the students would use the learned method, and of those, for 39% (n = 42) it would be an 
important part of their teaching and for 8% (n = 9) even everyday practice.

Differences between the background groups in confidence of integration 
transversal competences and teaching

We studied the differences between the background groups in confidence of integration 
the single seven transversal competences and the science teaching module, because the 
hypothesis is that there could be specific areas in which, for example, the type of out-of- 
school tutoring activity could be significant. The group differences in the studied vari-
ables are shown in the Table 3.

Between the male and female students there was no significant statistical difference. In 
three of the competences, Thinking and Learning to learn T1, Taking care of oneself and 
managing daily life T3 and Multiliteracy T4, the older the students were, the easier the 
students felt the integration would be. Based on the Scheffe post-hocs tests, the youngest 
group differed from the oldest group significantly (p < .001), and also the second young-
est from the oldest (p = .036) in Thinking and Learning to learn T1; in Taking care of 
oneself and managing daily life T3 the youngest group differed from the oldest (p = .045); 
in the Multiliteracy T4 the youngest group differed from the oldest (p = .001). Also, the 
more experience the students had as a teacher, the easier they thought it was to integrate 
Thinking and Learning to learn T1 (p = .015). Cultural competence, interaction and self- 
expression T2 also differed between the teacher experience groups (p = .016). Experience 
as a tutor in out-of-school activities made a positive difference in Working life competence 
and entrepreneurship T6 for those who had been tutors (p = .033). Acting as an art tutor 
(n = 6) had a positive relationship with Taking care of oneself and managing daily life T3 
based on Kruskal-Wallis test (p = .049).

We then summed up the seven transversal competences and used Transversal integra-
tion as a general confidence sign of integration seven transversal competences and the 
multidisciplinary science teaching module. It was considered as an overall indication of 
the conceptual understanding and learning.

Table 3. (Continued).
How much time needed for 

additional training (1 = no 
time, 2 = 1–4 hours, 3 = 5– 
8 hours, 4 = 9–16 hours, 
5 = more)

2.32 .795

Transversal integration (sum 
variable of 7 competences)

3.89 .523 F(2,104) = 8.160** 
c > a

F(1,106) = 5.740* 
a > b

Integration in practice (sum 
variable of curriculum 
integration, time-table, 
preparation)

3.81 .559 F 
(1,106) = 10.873** 

a > b

F(1,107) = 5.731* 
sport > others
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When testing the difference between the age-groups, there was a statistically 
significant difference in that variable between the age-groups (p = .001). Based on 
the Scheffe post-hoc tests the youngest group (24 years or less) differed from the 
oldest group (over 30 years) by lower scores (p = .002). The teacher experience 
groups differed in that the group with very little experience (from no experience to 
one year) was significantly (p = .018) more insecure about the conceptual linking of 
the multidisciplinary science teaching module with the competences than the more 
experienced group. Gender or out-of-school tutor experience made no statistical 
difference.

Differences between the background groups in integration in practice

We formed a summed variable Integration in practice out of three variables: 1. how easy it 
was to integrate the multidisciplinary science teaching module with the curriculum, 2. 
school time-table and 3. preparation time. It was used to find out, how the implementa-
tion into practice was perceived. Gender, age and general activity as a tutor did not make 
a difference. However, having acted as a sport tutor (in this data 35 students, 32%), made 
a positive difference (p = .037). Teacher experience mattered: the more experience 
a student had as a teacher, the more there was confidence to integrate the science centre 
teaching module contents into school practice, i.e. with the curriculum, the school 
timetable and preparation time (p = .001).

There were no differences between the groups in time needed for extra training in 
order to be able to use science centre as an optimal learning environment. The 
students were also very uniform in their view of the integration of the multidisci-
plinary science teaching module in teaching in the future. There was, however, one 
exception: those 35 students who had acted as sport tutors were more likely to use 
the system than the others (p = .037). The overall experience of the usefulness of the 
learned multidisciplinary science teaching module in relation to spent time in it was 
statistically (p = .027) more positive for students who had more experience as 
a teacher. Those 12 students who had acted as scout tutors were more negative 
than the others based on the Kruskal–Wallis test (p = .027).

The second aim of the study was to find out what would predict implementation of the 
multidisciplinary science module type pedagogy for learning the transversal competences 
at school (the attained curriculum)?

Prediction model of the future usage of the science centre pedagogy

At this stage, we predicted how likely and how often the student teachers would use 
the multidisciplinary science teaching type of pedagogy in their future work at 
school. The predictors were the background variables, the two summed variables 
(Transversal integration and Integration in practice,) the experienced usefulness of 
the time spent in the science centre course and the time needed for extra training. 
The model shows the direct and indirect effects and the relative importance of each 
significant factor. The final path-model is presented in Figure 1. The model with 
only significant paths fitted the data well (χ2 = 15.356, df = 25, p = .933; 
TLI = 1.183; CFI = 1.000, RMSEA = .000).
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According to the path-model How likely and how often one will use science centre 
type of pedagogy in five coming years at school is directly predicted by the experi-
enced ability to integrate what is learned in practice, i.e. with the curriculum, school 
timetable and preparation of lessons. Confidence to integrate seven transversal 
competences with the multidisciplinary science centre module predicts the future 
usage indirectly via that practical ability. The more experience one has as a teacher, 
the more one is confident to organise time and to prepare and to apply the 
curriculum, and less time is then needed for extra training of the science centre 
pedagogy. Finally, all this relates to the degree in which one believes to use the 
science centre pedagogy in the future. The diverse tutor experience in out-of-school 
activities (no or very little experience/experience in 2 to 5 areas) has a direct effect 
on confidence to integrate seven transversal competence areas in the science centre 
module, as well as in the future usage.

Discussion

Science education is not only a question advancing technology or of demands for 
a scientifically qualified workforce, but it is also a question of social goals. The aim is 
not solely to produce more scientists and technologists; it is also to produce a new 

Figure 1. Path-model of the factors predicting how likely and how often one would use science centre 
type pedagogy at school. Standardised coefficients are displayed in the figure. * p < .05, ** p < .01, *** 
p < .001.
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generation of citizens who are scientifically literate and thus better prepared to 
function in a world that is increasingly influenced by science and technology 
(Coombs, 1985).

The citation of Coombs can be considered reflecting the earlier mentioned intersec-
tion of the Big ideas of science education (Harlen, 2010) and the 21st century compe-
tences: both aim to prepare students for a future in which scientific literacy is essential for 
everybody and more broadly understood than before. In line with that the National Core 
Curriculum of Finland (National Board of Education, 2014) states that ‘the integrative 
instruction helps the pupils to link knowledge of and skills in various fields and, in 
interaction with others, to structure them as meaningful entities’. For that the curriculum 
is offering multidisciplinary learning modules as didactic tools for teachers (Halinen, 
2018). The dilemma of this pedagogical approach is how to combine the content of 
instruction and the working methods. While the real world is examined as a ‘whole 
entity’ in each subject, it automatically challenges multidisciplinary studies at school 
lessons, and makes one ask whether it is possible to adapt the intended curriculum, i.e. 
integration of the transversal competences into teaching and to school subjects and their 
content. This question arouses clearly from the tradition of the ‘hidden curriculum 
theory’ (Broady, 1981; Jackson, 1968; Kentli, 2009). This task is not easy or self-evident 
even for the experienced teachers because the conceptual connections inside the curri-
culum are not always logical and uniform. Several discrepancies seem to exist also in the 
Finnish curriculum.

Conceptual and practical confidence of the student teachers of integrating trans-
versal competences into teaching

The confidence based on real capacity is crucial, as according to Windschitl (2009) 
teaching the ideas and skills in school requires that teachers have learned those compe-
tences themselves. Practicing of these should, thus, be an essential part of teacher 
education (cf., Niemelä & Tirri, 2018). The overall encouraging indirect indication of 
the confidence was that the students experienced the intensive course as useful in relation 
to spent time and that for the majority no extra or just half a workday extra training was 
needed.

The empirical results showed clearly that in general the idea of integration of the 
competences into teaching was not experienced as hard, but it was much more challen-
ging to figure out how to fit them into the daily school routines, like into the school 
timetable or into finding preparation time.

Of the single competences, Participation, influence and sustained future development, 
was thought as being the easiest to integrate. One explanation is that the ecology and 
sustainable development and participation are underlined in the Finnish school system 
especially during the climate change discussion. The study period also contained 
a workshop related to circular economy supporting this theme.

However, it was interesting to discover that one of the most abstract goals, Thinking 
and Learning to learn, was found to be among the easiest tasks to apply. The probable 
reason for this is the inquiry-based and multidisciplinary approach of the science centre 
hands-on demonstrations and interactive exhibitions supported by a workshop and 
planetarium programme.
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How easy it is to integrate the multidisciplinary science teaching module contents with 
the T6 competence, Work life and entrepreneurship? Student teachers found this to be 
clearly the most difficult item. There are several possible reasons for this. We are naming 
two: either the content of the science centre exhibition did not offer realistic, inspiring and 
concrete elements and content for this type of transversal teaching, or, the student teachers 
did not have the basic knowledge and skills to utilise the content offered for them.

Male and female students found integration of transversal competences equally easy. 
However, age, experience as a teacher and out-of-school tutor mattered.

Of the students, the younger and less experienced, differed from the older and more 
experienced by finding integration of the transversal competences more difficult based 
on the summed variable and also the single variable Thinking and Learning to learn. 
This is an important result, because as mentioned earlier, this is one of the most 
abstract and academic curriculum goals, which does not have clear contact points or 
links to the traditional school subjects. It might be claimed that it can also handle 
change resistance, i.e. unwillingness to change behaviour or not to learn something 
new.However, a more neutral conclusion of unwillingness or uncertainty to change is 
that the younger and less experienced student teachers are not familiar with the 
concept of generic skills, the transversal competences in the Finnish curriculum. 
Their mental schemes likely grow more from their own rather recent school experi-
ences than through their university lessons or professional encounters. This view is 
supported by several previous studies (cf., Grossman et al., 2000; Windschitl & 
Thompson, 2006), which have shown that the novice teachers tend to reject the 
unfamiliar new conceptual frameworks and instead rely on traditions and conservative 
instruction methods. So it is reasonable to consider that those students—not so 
confident—were just in a different phase of adapting the concepts and skills relating 
to the 21st century educational demands (cf., Showers & Joyce, 1996) due to lack of 
experience of discussion of these matters over a longer time with their teachers and 
colleagues (Windschitl, 2009). However, despite the lack of skills and courage, they 
might be more interested in the integrative approach than the more experienced 
teachers, as some previous results indicate (Karppinen et al., 2013).

The answers of the younger students also revealed that it was more difficult for them 
to integrate the curriculum goal Multiliteracy. This is rather surprising because it seems 
obvious that the younger generation would feel more at home in the digital world and 
have more experience with mobile equipment; they should have more ability to apply 
and combine digital learning devices with books and other traditional teaching materi-
als. However, this was not the case. It seems that the ICT-technology itself does not 
solve the challenge of the integrative learning, and more pedagogical professional 
training is needed. The phrase ‘Are we talking about diginatives or diginaives? (Saari 
& Säntti, 2018)’ describes this dilemma very well. However, it might be speculated that 
the question is not whether one is a heavy user of digital tools or not but rather how 
familiar one is with the curriculum speech and especially with the hybrid concept of 
multiliteracy.

The students with less teaching experience also answered that it was harder to 
integrate the goal of Cultural competence, interaction and self-expression in this open 
learning environment. This was somewhat surprising as the exhibition was based on the 
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interactive hands-on pedagogy and self-guided actions (Oppenheimer, 1968; Hein, 1990) 
successfully utilised earlier both for teacher students (Fibonacci, 2012) and for in-service 
teacher professional development (Salmi, 2012).

Tutor experience from the informal learning settings and activities did not matter in 
integrating the transversal competences based on the summed variable, but those who 
were more experienced as tutors were more confident in integrating the single compe-
tence Working life competence and entrepreneurship. This seems understandable and 
logical: own career at work and school work gives more direct experiences related to 
everyday routines and ‘real life’ with different businesses.

Acting as an art club tutor was a positive factor for Taking care of oneself and 
managing daily life. The explanation might be the managing and psychomotoric activities 
needed in these hobbies.

Teacher experience mattered mostly in the over-all routines of the daily school work. 
The more experienced as a teacher, the more one believed to be able to integrate the 
course contents in implementation of the curriculum into school practice, i.e. into the 
school time-table and preparation time.

Sport tutors, in turn, showed to think having better skills of integrating the new system 
into daily school work. This seems to give supportive evidence to earlier results related to 
informal learning that the hobbies are in the long-run teaching, besides the motoric skills, 
also some managing, timetable and a combination of social competences (Salmi, 2003; 
Woolnough, 1994).

Predictors of implementation of the multidisciplinary science module-type peda-
gogy for learning transversal competences at school in future (the attained 
curriculum)

The link between the intended and attained curriculum is crucial if a real change in the 
traditional teaching practices is the goal. Who will use informal learning sources like 
science centre pedagogy in the next five years at school? Confidence in own practical 
skills after the science centre course predicted trust of using transversal competences in 
one’s future practice. The analysis showed that the future use directly depends on 
experienced practical skills, i.e. the curriculum implementation, school time-table and 
lesson preparation. The practical ability is strengthened by the gained conceptual con-
fidence, so that the more one is able to integrate the seven transversal competences into 
teaching, the more likely the practical matters are mastered as well. So the conceptual 
awareness influences the future implementation of the transversal competences indir-
ectly via experienced mastery of practical matters. A logic result is that the more 
experience one had as a teacher, the more confidence there was to deal with organising, 
preparing and applying the curriculum, and also less extra training was needed. The out- 
of-school tutor experience directly affected confidence to integrate seven transversal 
competences and the usage of the science centre module-type teaching in the future.
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Concluding remarks

This study was the very first case in the series of educational interventions which aim to 
test the opportunities of integrative pedagogy while teaching transversal competences in 
different open learning environments like museums, nature parks, art exhibitions, virtual 
solutions, aquariums and science centres. The results were encouraging but did also show 
some critical points.

It has previously been evidenced that informal learning tools, such as hands-on 
activities, science experiments and methods of observing, testing, smelling etc. promote 
abstract thinking and progress from concrete to more complex reasoning (Jones et al., 
2003; Monhardt & Monhardt, 2006). Experience from informal learning activities seems, 
thus, to support the possibility of developing mental readiness for transfer, which is 
essential for the 21st century competences to be successfully applied in school. Our 
intensive science centre learning module can be considered to do this. However, its 
limitation was the relative short-term duration. It has been shown that the conceptual 
and Practical changes do not realise unless the training of the teachers happens in 
a longer process and in a focused explicit manner (Windschitl, 2009; Windschitl & 
Thompson, 2006). Only then can the generic transversal skills develop and the transfer 
from one domain to another become possible; first for the future teachers and then for 
their students at school. This underlines also the importance of the academic level and 
quality of teacher education (Bergmark & Erixon, 2020).

The 21st century competences are being interpreted all over the world, with differing 
interpretations and curricular changes. While the importance is recognised, the national 
differences are also evident as can be seen in a fortcoming book, where eight countries 
were analysed, Finland included (Dobryakova & Froumin, 2020; other countries are 
Canada, China, Poland, Russia, South Korea, UK, USA). Based on the present article, the 
Finnish core curriculum seems to meet the recommendations formulated by Voogt and 
Pareja Roblin (2012) for an ideal curriculum relating to the 21st century competences and 
balanced integration of school-subjects and generic competences and skills. For example, 
the Finnish core curriculum emphasises the ICT literacy competences and their role in all 
other competences and school subjects, as recommended. The recommendation to use 
the informal education context as a learning source and to link of what is learned in 
school to what is learned outside the school is realised in the Finnish core curriculum, as 
well.

Based on Hilt et al. (2019) the concept of competence is necessarily a broad one, and 
from the pedagogic point of view it is said not have any educational content and that is 
why it is not easy to discuss collectively (Willbergh, 2015). Because it is impossible to 
foresee what exactly the future needs will be, the competence goals are very generic in 
nature, such as learning-to-learn, and similarly deep learning. Then again, the assess-
ment of the competences demands narrowing and simplifying them to enable their 
measurement. This creates a paradox also for Finnish teacher education. Based on their 
analysis of the underlying rationales and goals of the eight 21st century competences 
frameworks, Voogt and Pareja Roblin (2012) suggest strategies of how to implement 
the competences in school practices and, very importantly, of how to assess whether the 
skills are obtained. Their suggestions include both clear theoretical and operational 
definitions of the 21st century competences and strategies for planning and assessing 
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them for different age-groups and school-subjects. The connections of the subjects and 
competences should be expressed as clearly as possible and interdisciplinary themes 
should be included in the curriculum. In this refinement of the assessment process, i.e. 
getting rid of the ‘robustness of the measure’ (Robertson, 2021), and in order to 
connect the global competences with deep learning (Fullan et al., 2020), collaborative 
inquiry is required.

Also Finland likely will face a contradictory challenge, which relates to a need for 
a deeper analysis of the broad concept of competence itself and for effective ways of 
operationalising it for assessment to measurable units—without losing of the essential 
contents. In searching for these, the ultimate goal of the curriculum as the guide for 
education of a person should not be lost.

When school starts, the person meets the institution in a form of curriculum (Dewey, 
1938). The child is not expected to give up his or her right to think and feel (Olson, 2003), 
but the goal of the school, based on Olson (p. 296), is limited to ‘teaching students how to 
participate in the bureaucratic institutions of the larger society’. Teaching of the 21st 

century skills and transversal competences can be considered in the simplest interpreta-
tion to serve just that purpose.
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