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ABSTRACT 

Teachers have a pivotal role in implementing new research and science education 
reforms into classroom practices. Through focusing on teachers’ perceptions, 
experiences and practices, this thesis aims to understand how integrated science 
education (ISE) can be promoted at different education levels, especially by utilizing 
collaborative project-based learning (PBL). ISE is an effort to integrate science 
curriculum content into a meaningful whole by a constructive and context-based 
approach that crosses subject boundaries and links learning to the real world. It is a 
current issue amongst researchers and recent policy reforms (e.g., Finnish National 
Core Curriculum) due to the many promises it offers for increasing the relevance of 
science education which in turn can enhance students’ interest towards science 
subjects such as chemistry. For example, ISE can offer students a more integrated 
understanding of complex everyday life phenomena, increase students’ conceptual 
understanding and develop their transversal competencies (e.g., thinking, learning 
and communication skills). Student-centred and teacher-facilitated teaching 
methods such as PBL have been suggested for ISE. PBL organizes learning around 
clearly defined projects and engages students in collaboration and constructive 
investigations of authentic problems. Implementing ISE, especially beyond natural 
science subjects, is often a novelty to teachers. Not enough is known of teachers’ 
perceptions and self-efficacy beliefs regarding ISE. Furthermore, research has not 
sufficiently shown how ISE should be implemented.  

The aim of this thesis is to understand teachers’ perceptions, experiences and 
practices of ISE in order to better promote integrative practices at various 
educational levels by supporting teachers. Therefore, the qualitative-dominant 
mixed-method approach of this thesis focused on three questions: 1) How do science 
teachers perceive ISE and PBL? 2) What kind of experiences do science teachers have 
of integrated practices? 3) What kind of integrated practices do science teachers 
have? The research has mainly been conducted within teacher communities offered 
by LUMA Centre Finland1 and the international StarT programme2 since 2016. The 
questions have been answered through four interconnected studies (I-IV). Data for 
studies I and II were collected by a survey during a time, in which the integrated 
education policies were introduced to the Finnish educational system. Study I 
explores the art integration practices of science teachers (n=66). Study II elaborates 
how science teachers’ (n=95) perceptions of and experiences with integration 
influence their perceptions on self-efficacy related to ISE. Study III consisted of a 
qualitative-led survey (n=244) and a case study (n=12). It was conducted within the 
international StarT programme and aimed at understanding teachers’ perceptions 
and practices of PBL in science education. Last of the studies (IV) was a case study 

 
1 LUMA Centre Finland is a science education network of Finnish universities. 

https://www.luma.fi/en/ 

2 https://start.luma.fi/en/ 
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mapping out teachers’ (n=85) perceptions of the design principles of ISE. The data 
was collected from Finnish in-service teachers and pre-service teachers participating 
in an open online course focusing on integrated science and mathematics education 
and PBL as an integrated pedagogical approach. 

The results of this thesis offer new insights on teachers’ perceptions, experiences 
and practices of ISE and collaborative PBL at different educational levels. Teachers 
perceive ISE as a student-centred and context-based approach that requires, among 
other things, collaboration between subjects and links to students’ daily lives. 
Teachers perceive ISE and PBL as relevant but challenging to implement in practice, 
and their experiences and practices of ISE and PBL varied. Especially secondary school 
science teachers in Finland had little experience of ISE, interdisciplinary collaboration 
and PBL as an integrative teaching method. Teachers need support with the 
implementation of integrative approaches in science education, especially when 
integrating beyond natural science disciplines, such as arts integration with science. 
Supporting teachers through educational programmes such as the StarT programme 
and by providing feasible pedagogical models for ISE can have positive effects on 
teachers’ experiences, perceptions and self-efficacy beliefs. These affect teachers’ 
willingness to implement more ISE and PBL.  

For promoting ISE and the relevance of science education at various education 
levels, a novel pedagogical model for ISE was designed. The model includes five 
intertwined principles to be taken into account when implementing ISE: (1) form a 
coherent whole of the integrated lesson unit, (2) focus on the relevance of learning, 
(3) engage students in constructing knowledge, (4) include knowledge practices, and 
(5) use versatile instruction and assessment methods. The results can be applied 
from pre-service to in-service teacher education at all education levels, especially in 
chemistry education. In addition, results should be taken into account when 
designing a curriculum emphasizing ISE. 
  



 

v 
 

TIIVISTELMÄ 

Opettajilla on keskeinen rooli luonnontieteiden opetuksen kehittämisessä. Tässä 
väitöskirjassa paneudutaan opettajien käsityksiin, kokemuksiin ja käytäntöihin, 
joiden kautta pyritään ymmärtämään miten eheyttävää ja yhteisöllistä 
luonnontieteiden opetusta (integrated science education) voidaan edistää eri 
koulutusasteilla, erityisesti käyttämällä yhteisöllistä projektioppimista 
opetusmenetelmänä. Eheyttävällä luonnontieteiden opetuksella tarkoitetaan 
pyrkimystä yhtenäistää luonnontieteitä koskevat opetussuunnitelmien sisällöt 
oppijoille merkityksellisiksi kokonaisuuksiksi. Se perustuu sosiokonstruktivistiseen 
oppimisnäkemykseen ja hyödyntää kontekstuaalista oppimista, jossa ylitetään 
oppiainerajoja sekä yhdistetään oppiminen arkielämään. Monet luonnontieteiden 
opetuksen tutkijat sekä viimeaikaiset opetuksen uudistukset (ml. kansalliset 
opetussuunnitelman perusteet) suosittelevat eheyttäviä opetusmenetelmiä tapana 
lisätä opetuksen merkityksellisyyttä sekä oppilaiden kiinnostusta luonnontieteisiin, 
esimerkiksi kemiaan. Lisäksi eheyttävän luonnontieteiden opetuksen nähdään 
auttavan oppijoita ymmärtämään kokonaisvaltaisemmin monimutkaisia arjen 
ilmiöitä, lisäävän oppilaiden käsitteellistä osaamista sekä kehittävän laaja-alaisen 
osaamisen taitoja.  

Eheyttävän luonnontieteiden opetuksen toteuttamiseen soveltuvat erityisesti 
oppilaslähtöisyyttä korostavat opetusmenetelmät, kuten projektioppiminen. 
Yhteisöllisessä projektioppimisessa työskennellään yhdessä selkeästi määritellyn ja 
arkeen kytkeytyvän projektin parissa ja hyödynnetään tutkimuksellista opiskelua. 
Tämän kaltainen eheyttävä luonnontieteiden opetus, jossa yhdistetään 
luonnontieteitä muihin oppiaineisiin, kuten taideaineisiin, on monelle suomalaiselle 
opettajalle vielä uutta. Tarvitaan lisää tutkimustietoa eheyttävän luonnontieteen 
opetuksen toteuttamisesta sekä opettajien käsityksistä ja minäpystyvyydestä siihen 
liittyen.  

Tämän väitöskirjan tavoitteena on ymmärtää opettajien käsityksiä, kokemuksia 
ja käytäntöjä liittyen eheyttävään ja yhteisölliseen luonnontieteiden opetukseen. 
Ymmärtämällä paremmin opettajien ajattelua ja opetusta on mahdollista tukea heitä 
ammatillisesti, ja siten edistää eheyttävää opetusta osana luonnontieteiden opetusta 
eri koulutusasteilla. Kyseessä on monimenetelmätutkimus (mixed-methods), jossa on 
haettu vastauksia kolmeen tutkimuskysymykseen: (1) Millaisia käsityksiä on 
luonnontieteitä opettavilla opettajilla eri asteilla eheyttävästä luonnontieteiden 
opetuksesta sekä yhteisöllisestä projektioppimisesta? (2) Millaisia kokemuksia on 
luonnontieteitä opettavilla opettajilla eheyttävistä opetusmenetelmistä? (3) Millaisia 
eheyttäviä opetuskäytäntöjä on luonnontieteitä opettavilla opettajilla?  

Tutkimukset on tehty pääasiassa LUMA-keskus Suomen toiminnan ja 
kansainvälisen StarT-projektioppimisohjelman parissa vuodesta 2016 lähtien. 
Tutkimuskysymyksiin on vastattu neljällä toisiinsa liittyvällä tutkimuksella (I-IV). 
Tutkimuksiin I ja II aineisto kerättiin aikana, jolloin eheyttävää opetusta painottavat 
kansalliset opetussuunnitelman perusteet otettiin käyttöön Suomessa. Tutkimus I 
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kuvaa opettajien (n=66) luonnontieteitä ja taidetta yhdistäviä käytänteitä. 
Tutkimuksessa II selvitettiin, miten opettajien (n = 95) käsitykset ja kokemukset 
eheyttävästä opetuksesta vaikuttavat heidän minäpystyvyyteensä opettaa 
luonnontieteitä eheyttävästi. Tutkimus III koostui laadullisesta kyselytutkimuksesta 
(n=244) ja tapaustutkimuksesta (n=12). Tarkoituksena oli ymmärtää luonnontieteitä 
opettavien opettajien projektioppimiseen liittyviä käsityksiä ja käytäntöjä. Viimeinen 
tutkimus (IV) oli tapaustutkimus, jossa kartoitettiin opettajien (n=85) käsityksiä 
eheyttävän luonnontieteiden opetuksen keskeisistä piirteistä, jotka tulee ottaa 
huomioon suunnitellessa eheyttäviä opetuskokonaisuuksia.  

Väitöskirjassa esitetyt tulokset laajentavat ymmärrystämme opettajien 
käsityksistä, kokemuksista sekä käytänteistä niin eheyttävään luonnontieteiden 
opetukseen kuin yhteisölliseen projektioppimiseen liittyen. Eheyttävä 
luonnontieteiden opetus on opettajista oppilaslähtöistä ja kontekstuaalista. Se on 
heistä opetusmenetelmä, joka vaatii muun muassa oppiaineiden välistä yhteistyötä 
sekä opetuksen linkittämistä oppilaiden jokapäiväiseen elämään. Eheyttäminen ja 
yhteisöllinen projektioppiminen ovat opettajista relevantteja luonnontieteiden 
opetuksen kannalta, mutta haastavia opetusmenetelmiä toteuttaa käytännössä. 
Opettajien kokemuksissa ja käytänteissä havaittiin kuitenkin suurta vaihtelua. 
Suomessa erityisesti lukiossa opettavilla luonnontieteiden opettajilla ei juurikaan 
ollut aiempia kokemuksia eheyttävän luonnontieteiden opetuksen toteuttamisesta, 
oppiaineiden välisestä yhteistyöstä tai yhteisöllisestä projektioppimisesta.  

Luonnontieteitä opettavat opettajat tarvitsevat selvästi tukea eheyttävien 
opetusmenetelmien toteuttamisessa. Opettajien ammattitaidon ja työn tukeminen 
StarT-projektioppimisohjelman kaltaisten koulutusohjelmien avulla sekä tarjoamalla 
valmiita pedagogisia malleja eheyttävän luonnontieteiden opetuksen 
toteuttamiseen voisi vaikuttaa myönteisesti opettajien kokemuksiin, käsityksiin ja 
minäpystyvyyteen. Ne voisivat tukea opettajien halukkuutta hyödyntää eheyttäviä 
opetusmenetelmiä, joita monissa tutkimuksissa sekä opetussuunnitelman 
perusteissa on suositeltu erityisesti luonnontieteiden opetuksen merkityksellisyyden 
lisäämiseksi.  

Väitöskirjassa esitetään tutkimusperustaisesti kehitetty pedagoginen malli 
eheyttävän luonnontieteiden opetuksen ja opettajankoulutuksen edistämiseen. 
Malli sisältää viisi periaatetta, jotka on hyvä huomioida eheyttävää luonnontieteiden 
opetusta suunniteltaessa: (1) sisällöllisesti yhtenäisen eheyttävän opetuskoko-
naisuuden muodostaminen, (2) oppimisen merkityksellisyyden huomioiminen, (3) 
oppijoiden sitouttaminen konstruktiiviseen oppimiseen, (4) tieteenalojen 
käytänteiden (knowledge practices) sisällyttäminen kokonaisuuteen ja (5) 
monipuolisten opetus- sekä arviointimenetelmien käyttäminen. Väitöskirjan tuloksia 
ja esitettyä mallia voidaan soveltaa niin tulevien kuin nykyisten opettajien 
koulutuksessa kaikilla koulutusasteilla, erityisesti kemiaa ja muita luonnontieteitä 
painottavassa koulutuksessa. Lisäksi tulokset olisi hyvä huomioida 
opetussuunnitelmatyössä, erityisesti kun halutaan lisätä luonnontieteiden 
opetuksen merkityksellisyyttä sekä kannustaa eheyttävien opetusmenetelmien 
käyttöön.  
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1 INTRODUCTION 

There is a need to promote science education, especially chemistry education 
towards competencies of sustainable future. It is quite easy to agree that education 
should be relevant and provide students the skills and knowledge needed to cope in 
society today and tomorrow, but in a rapidly changing world of today it is harder to 
say how this can be achieved. With the overflow of information and the technological 
advancement of modern society, higher-order thinking skills, problem-solving and 
understanding of complex issues have become more relevant than factual 
knowledge. Furthermore, the challenges we face nowadays, for example, regarding 
sustainability, are often complex interdisciplinary phenomena that require not only 
an understanding of chemistry but also an understanding of other sciences, 
technology and society as well as skills to apply our knowhow.  

In the beginning of the 21st century, international reports (Constantinou et al., 
2004; National Research Council, 2010; Osborne & Dillon, 2008) raised concerns 
about the state of science education and schools’ proficiency to educate students in 
accordance with the needs of 21st century society. School science was critiqued as 
being focused on discrete facts that were detached from everyday life and work 
experience; for producing scattered and static understanding of concepts that 
students were not able to transfer or use outside the classroom context; and for not 
providing students with engaging opportunities to experience how science is actually 
done (National Research Council, 2012; Osborne et al., 2003; Osborne & Dillon, 
2008). Especially chemistry appears difficult and abstract to students. Chemistry 
explains real-life phenomena such as rusting iron or rising buns in the oven with 
submicroscopic particles i.e., atoms and molecules that cannot be seen even with a 
microscope. In addition, chemistry knowledge is communicated through the use of 
symbols, math and scientific concepts. This abstract nature is an integral part of 
school chemistry and many students are unable to see the connection between 
submicroscopic chemistry and real-life phenomena. (Aksela & Karjalainen, 2008; 
Johnstone, 2000; Kärnä, Hakonen & Kuusela, 2012; Taber, 2013). Not only were 
students showing a lack of interest towards school science subjects, but a decline in 
young people interested in science studies and careers was reported in large-scale 
studies such as the PISA (2007; 2018) and ROSE project (Jenkins & Pell, 2006) that 
stood in the way of increasing the number of science professionals needed in modern 
society.  

Many science education researchers (e.g., Bennett et al., 2007; Czerniak & 
Johnson, 2014; Guerrero & Reiss, 2020; Samson, 2014; Wei, 2009) and educational 
reforms (e.g., Finnish National Agency for Education [EDUFI], 2016; National 
Research Council [NRC], 2013) started to promote the use of integrated approaches 
and inquiry in teaching the key contents and competences of the 21st century and 
for making science education more relevant. Project-based learning (PBL) organizes 
learning around inquiry-based and student-centred projects which can promote 
interconnected worldview, links among disciplines and presents an expanded view 
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of subject matter (Bell, 2010; Blumenfeld et al., 1991; Kingston, 2018). Therefore, it 
can be seen as a promising teaching method for integrated science education (ISE) 
where science curriculum content is integrated into a meaningful whole by a 
constructive and context-based approach that crosses subject boundaries and links 
learning to the real world (Åström, 2008; Beane, 1997; Czerniak & Johnson, 2014). 

Science teachers have a pivotal role in implementing new research and science 
education reforms into classroom practices. Teachers’ understanding of ISE and the 
criteria for effective PBL plays an essential role in how teachers implement PBL in 
science education, thereby also affecting students’ content understanding and 
developing skills (Han et al., 2015; Kingston, 2018; Kokotsaki et al., 2016). The lack of 
a uniform vision of ISE and PBL as an integrated teaching method complicates efforts 
to determine the fidelity of integrated teaching and to evaluate its effects (Applebee 
et al., 2007; Condliffe et al., 2017; Czerniak & Johnson, 2014; Hasni et al., 2016; Klein, 
2017). In addition, implementing more integrated approaches to science education, 
especially beyond science subjects, is a novelty to teachers and with multiple barriers 
to overcome. These challenges include, for example, pedagogical challenges, 
curriculum challenges, structural challenges, concerns about students, concerns 
about assessments, and lack of teacher support (e.g., Margot & Kettler, 2019; 
Samson, 2014).  

It is evident that teachers’ pedagogical competence for ISE could be supported 
better. The research literature highlights teachers’ active role in developing their 
own pedagogical competence. However, as the current discourse on ISE is somewhat 
contested and lacking an agreed understanding of the concepts, teachers are faced 
with multiple differing pedagogical models and instructional frameworks for ISE. This 
can make it more confusing for the teachers and implede the implementation of ISE, 
especially as there is a lack of pre-service and in-service teacher educational 
programmes focusing on ISE.  

In a scenario, with a challenging educational reform, insufficient training and 
pedagogical models lacking clarity, teacher’s self-efficacy and their perceptions are 
likely to become dominantly important aspects of the everyday science teaching 
practice (Stinson et al., 2009; Tschannen-Moran & Hoy, 2001) that can potentially 
explain some of the phenomena observed in science education associated with 
teachers' resistance to reform (Alake-Tuenter et al., 2012; Czerniak & Lumpe, 1996). 
Therefore, providing teachers with new curriculum without addressing the 
underlying belief systems that are dependent on various factors, which include 
perceptions, prior experiences as well as self-efficacy, can lead to little meaningful 
change (Czerniak & Lumpe, 1996; Jones & Leagon, 2014; Pajares, 1992).  

If we wish to increase the relevance of science education through integrated 
approaches as is suggested by research literature and educational reforms, then we 
need to understand teachers’ perceptions of and beliefs about ISE as well as their 
current integrated practices such as PBL better (see Figure 1). Furthermore, teachers 
need feasible pedagogical models for implementing ISE, and by this, I mean models 
that are in accordance with research literature on ISE, are relevant for science 
education and are perceived as feasible by teachers. Through focusing on teachers’ 
perceptions, experiences and educational practices, this thesis aims to understand 
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how integrated science education (ISE) can be promoted at different educational
levels, especially by utilizing collaborative PBL. Three questions were asked: 1) How 
do science teachers perceive ISE and PBL? 2) What kind of experiences do science 
teachers have of integrated practices? 3) What kind of integrated practices do 
science teachers have? 

Figure 1 This thesis is studying teachers’ experiences, perceptions and educational practices to 
better promote ISE at schools by supporting science teachers through educational 
programmes and by providing feasible pedagogical models for ISE.

1.1 STRUCTURE OF THE RESEARCH

This thesis consists of eight chapters in addition to this introduction. Chapter 2 
focuses on the relevance of science education that can be supported through 
integrated teaching practices. Chapter 3 elaborates on the advantages and 
challenges of PBL and on teachers’ design principles for PBL. Chapter 4 presents the 
mixed method approach used in this thesis to unfold teachers’ perceptions, 
experiences and practices related to ISE and PBL as an integrative method. Chapter 
5 introduces the research setting: the current Finnish curriculum and LUMA Centre 
Finland’s StarT programme as the main contexts of the four interconnected studies 
(I–IV) this thesis is based on. Chapter 6 describes these four studies: Study I maps out 
science teachers’ practices of integrating art into science education. Study II 
elaborates on how science teachers’ perceptions and experiences of integrated 

Practices

Learning environments Learning outcomes

Science teachers

Experiences Perceptions and self-efficacy

Towards integrated science education

Feasible pedagogical models Education for pre-service and in-
service teachers 
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education influence their views on self-efficacy related to ISE. Study III aims at 
understanding teachers’ perceptions and practices of PBL in science education and 
study IV maps teachers’ design principles for implementing ISE. Chapter 7 discusses 
the reliability and validity of this research. Chapter 8 is reserved for discussion and 
conclusions, and chapter 9 for implications.  
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2 TOWARDS RELEVANCE OF SCIENCE 
EDUCATION THROUGH INTEGRATED 
TEACHING 

In this chapter, the issue of increasing the relevance of science education through 
moving towards more integrated practices is discussed. The basis of integrated 
education is derived from Dewey’s (1902; 1915) concept of school as a small society 
where learning is based on everyday life and activities that aim at learning skills and 
knowledge relevant to the students as individuals and members of society. 
Integrated science refers to science as an undivided whole instead of being a 
collection of separate disciplines. It has been used synonymously with integrated 
natural sciences (e.g., biology, chemistry and physics), however, here it is interpreted 
as all inclusive (i.e., includes social sciences) eventhough the focus is on natural 
sciences. Integrated science education (ISE) can be defined as an effort to organize 
or integrate science curriculum content into a meaningful whole by a constructive 
and context-based approach that crosses subject boundaries and links learning to the 
real world (Åström, 2008; Beane, 1997; Czerniak & Johnson, 2014).  

The following sections elaborate on the relationship between relevance of 
education and ISE as well as teachers’ perceptions and integrated teaching practices. 
First, relevance is defined in the context of science education. Second, integration 
and ISE are defined in more detail. Third, examples of pedagogical models for ISE are 
introduced along with main implementation challenges. Finally, teachers’ 
perceptions and self-efficacy beliefs regarding ISE are discussed.  

2.1 RELEVANCE OF SCIENCE EDUCATION 

One of the drivers behind the current trend in promoting relevance of science 
education are the findings on students’ attitude or interest towards science (Krapp 
& Prenzel, 2011; Osborne et al., 2003) which indicated that many students are 
alienated by school science from science that has increasing significance in 
contemporary life; at a personal, a vocational and a societal level. In Finland, even 
though students have had a high science performance in PISA 2006 and 2015, they 
have scored low on attitudes towards science, especially chemistry related issues 
(Lavonen et al., 2005; OECD, 2007; 2018; Sjøberg & Schreiner, 2010). This is 
concerning because attitudes are enduring and affect the values and interest that are 
important determinants for learning as well as for future career choices (Lavonen et 
al., 2008; Osborne et al., 2003; Renninger & Hidi, 2019).  

Therefore, relevance has become a concept that science teachers need to 
consider. Notwithstanding, that this view is widely shared in recent science 
education research and reforms, the word relevance has not been clearly defined or 
it has had varied interpretations with differing emphasis (Stuckey et al., 2013). For 
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example, relevance has been used more or less synonymously and interchangeably 
with other concepts, such as students’ interest or meaningfulness to students (e.g., 
Gilbert, 2006; Jenkins & Pell, 2006; Rannikmae et al., 2010), but it should be noted 
that what is regarded relevant for students is not always interesting or meaningful 
for them. The relevance of science education has also been defined from the 
perspective of varied stakeholders: teachers, students, society or the environment 
(Stuckey et al., 2013). 

This thesis bases its definition of relevance on a three-dimensional model of 
Stuckey et al. (2013) who connected relevance to consequences and fulfilling 
personal needs: “science learning becomes relevant education whenever learning will 
have (positive) consequences for the student’s life” (Stuckey et al., 2013, p. 19). The 
consequences can arise from personal interest and needs, or they can relate to 
fulfilling educational needs at a societal level. The three dimensions of the model; 
namely individual, societal and vocational relevance; span across time from present 
to future and include intrinsic and extrinsic components. Intrinsic relevance 
encompasses student’s personal interests and motives that are always motivating 
and meaningful (Renninger & Hidi, 2019). For example, personal curiosity about an 
issue or potential career aspirations. Extrinsic relevance includes ethically justified 
expectations that are defined by other stakeholders such as scientists and teachers 
or by the mass media and the surrounding environment (Stuckey et al., 2013). For 
example, the demand for transversal competencies needed to function as an active 
citizen in the 21st century or the needs of trade and industry for science professionals.  

The perception of relevance is context-dependent and varies from person to 
person. For example, students’ and teachers’ opinions on relevance differ and there 
is a gender difference regarding the perceived relevance or interest of school science 
(Lavonen et al., 2005; Teppo & Rannikmäe, 2004). One possibility for teachers to both 
trigger students’ attention and then involve them in working with the disciplinary 
content is to use topics students find intrinsically relevant i.e., topics they are 
interested in (Renninger & Hidi, 2019). Research suggests that students are 
interested in learning about things they perceive as being connected with their 
personal life, such as health, food, and socio-scientific issues (SSI) such as sustainable 
development (Bybee, Rodger & McCrae, 2011; Fooladi, 2013; Kotkas et al., 2016; 
Sjøberg & Schreiner, 2010). The Youth barometer (Myllyniemi & Kiilakoski, 2019) 
indicates that youth is increasingly interested in social activism and incorporating this 
into science education could engage students in learning. In fact, evidence suggests 
that especially in secondary school, SSI-based science education has a potential to 
incorporate all three dimensions of relevance as it supports students’ science career 
awareness, their interest toward science studies, and helps prepare them to become 
responsible and active citizens in the future (Burmeister et al., 2012; Çalık & Wiyarsi, 
2021; Eilks, 2015; Stuckey et al., 2013; Tolppanen et al., 2019). Another example of 
integrated and student-centred approach with a potential to increase the relevance 
of science education is STEM (science-technology-engineering-mathematics) 
education that has gained popularity in research literature and educational policies 
during the last two decades (Li et al., 2020; Lyons, 2020).  
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In addition, research offers suggestions to science teachers by highlighting the 
kind of learning activities that can support students’ interest or motivation in school 
science. For example, practical work including hands-on activities, experiments and 
group work as well as extended investigations and opportunities for discussion have 
been identified as potentially engaging and enhancing a role for personal autonomy 
(Lavonen et al., 2005; Osborne et al., 2003; Renninger & Hidi, 2019). These are among 
the key features of student-centred approaches such as PBL (see study III).  

2.2 INTEGRATED SCIENCE EDUCATION (ISE) 

The current discourse on integrated education is a contested one. Czerniak and 
Johnson (2014) argue for defining the different forms of integration and creating a 
common understanding of each. Graff (2015), on the other hand, finds that various 
typologies generate more confusion than clarity. Klein (2017) agrees with the 
potential of confusion as the terms are sometimes used interchangeably, but also 
sees the value of typologies as the patterns of consensus reveal continuities and 
discontinuities in theory and practice. The forms of integration can be defined by the 
degree of transfer or connection making between contents or disciplines. Transfer of 
learning can be described as the ability to apply what one has learned in one situation 
to a different situation (Lobato, 2006; Rebello et al., 2007); therefore, it can be seen 
as the goal of integrated education that aspires to teaching skills and knowledge 
needed in real life. Four widely used terms to describe integrated approaches, from 
the least to the greatest level of integration, are integration within the subject,  
multi-, inter- and transdisciplinary. 

 Integration within the subject focuses on the integrity or coherence of subject 
matter knowledge (Hurley, 2001). 

 Multidisciplinary approaches juxtapose disciplines, adding information and 
methods from other disciplines (Klein, 2006; 2017). Yet, retaining the 
elements of discipline intact, and thereby separate. Choi and Pak (2006) 
define multidisciplinary teaching as drawing on knowledge from different 
disciplines but staying within their boundaries. Similar concepts are 
correlated curricula (Applebee et al., 2007) and Hurley’s (2001) sequenced 
and parallel integration. 

 Interdisciplinary approaches go further and are characterised by interacting, 
blending and linking (Klein, 2006; 2017). Lederman and Niess (1997) define 
interdisciplinary education as blending of different subjects by making 
connections between them, but still having the subjects as identifiable 
entities. Choi and Pak (2006) seem to go further with the idea of transfer by 
stating that interdisciplinarity analyses, synthesises and harmonises links 
between disciplines into a coordinated and coherent whole. Related concepts 
by different authors include pedagogy of connections (Dillon, 2006), shared 
curricula (Applebee et al., 2007) and partial and enhanced integration 
(Hurley, 2001).  
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 The greatest degree of integrative restructuring is associated with 
transdisciplinary approaches (Klein, 2006) as it integrates the natural, social 
and health sciences in a humanities context, and transcends their traditional 
boundaries (Choi & Pak, 2006). This can go as far as breaking down the 
traditional discipline boundaries and reconstructing curricula based on cross-
cutting concepts. This idea is included in the conceps reconstructed curricula 
(Applebee et al., 2007) and curriculum integration (Beane, 1997). 

2.2.1 AMBIGUOUS ACRONYMS FOR ISE 
ISE has traditionally meant integration with mathematics, and/or technology, such 
as STS (science–technology–society) or STEM (science–technology–engineering–
mathematics) education (Bennett et al., 2007; Czerniak & Johnson, 2014). The use of 
the acronym STEM has gained popularity in research literature and educational 
policies during the last two decades (Li et al., 2020; Lyons, 2020) and is therefore in 
focus in this discussion. Different organizations and countries have adopted the 
acronym STEM as an ambiguous slogan either verbatim or by translating it into their 
original language, which have referred to varying contents suited to personal or local 
purposes (Bybee, Rodger W., 2013; Lyons, 2020). Lyons (2020) suggests that the most 
common uses of STEM fall into three categories: 1) ‘STEM shopping cart’ refers to 
the use of the acronym as a collective term for all related disciplines, subjects or jobs; 
2) ‘STEM jigsaw’ sees the four included disciplines as separate but with common 
points of junction, and 3) ‘STEM palette’ refers to interpretations in which the 
discipline areas are integrated to create new approaches to solving real-world 
problems. Even with the interest and vast amount of recent literature, an agreed 
understanding about the nature and definition of STEM does not exist (Lyons, 2020; 
Ring-Whalen et al., 2018). 

Previously, STEM education has focused on the traditional school subjects, 
namely science and mathematics, with little attention given to technology or 
engineering (Kelley & Knowles, 2016). Therefore, many recent frameworks for STEM 
education have placed a strong emphasis on incorporating a strong engineering 
component in science education (Kelley & Knowles, 2016; Ring-Whalen et al., 2018). 
For example, Moore et al. (2014, p. 38) define integrated STEM education as ‘an 
effort by educators to have students participate in engineering design as a means to 
develop technologies that require meaningful learning and application of 
mathematics and/or science’. Furthermore, there has been an increase in discussion 
of a wider approach to connect art, creativity and design with STEM subjects (Kelley 
& Knowles, 2016); i.e., a move to STEAM education by including art to STEM (Li et al., 
2020; Lyons, 2020). Indeed, some evidence supports the inclusion of artistic 
processes in science as they can promote students’ conceptual understanding, 
attitude towards science, involvement in science learning (Lin et al., 2011), and 
enable a more realistic transdisciplinary learning experience (Herro & Quigley, 2017).  

There remain issues besides the lack of a clear definition or a framework for 
integrating science education via STEM, STEAM or the other acronym approaches. 
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Evidence on learning outcomes in ISE is somewhat lacking, especially when 
incorporating disciplines beyond natural sciences (Perignat & Katz-Buonincontro, 
2019), and science teachers struggle with the use of these integrative methods 
(Herro et al., 2019; Ring-Whalen et al., 2018; Samson, 2014; Weinberg & Sample 
McMeeking, 2017).  

2.3 IMPLEMENTING ISE 

Number of pedagogical models and instructional frameworks have been designed for 
the various versions of ISE (see Table 1 in study IV) that depending on their focus and 
aims emphasize different principles to be taken into account by teachers. One 
example of integration within a subject is ChemCom; a one-year introductory 
chemistry course for US high school students that integrates within the subject and 
links chemistry content to real-life topics, such as food and water (Ware & Tinnesand, 
2005). Other models for ISE highlight the integration of specific disciplines such as 
science and mathematics (Treacy & O'Donoghue, 2014) or science and art (study I). 
In recent years, with the increased popularity of STEM, several attempts have been 
made to design more integrative models that incorporate all STEM subjects (e.g., 
Gardner & Tillotson, 2020; Kelley & Knowles, 2016; Lyons, 2018; Wells, 2016). For 
example, Lyons (2018; 2020) suggests using the analogy of a nesting doll (matryoshka 
doll) in science education to investigate the nature of STEM and the relationship 
between the four disciplines. Kelley & Knowles (2016), on the other hand, propose 
at focusing on five design principles based on knowledge practices (i.e., scientific 
inquiry, technological literacy, mathematical thinking and engineering design) to 
achieve what they call situated STEM learning.  

Other pedagogical models such as ‘Learn STEM’ for secondary schools (Stracke et 
al., 2019) emphasize the learning process or the actions of students instead of 
integration of disciplines or disciplinary practices. The Learn STEM model comprises 
of five characteristics to describe the learning process: complex, process-oriented, 
holistic, practical and social (Stracke et al., 2019). Despite the differences, the various 
pedagogical models and frameworks for ISE seem to share similarities such as 
engaging students in investigation and collaboration, seeing teachers as facilitators, 
incorporating relevant scientific contents with authentic real-life contexts, and 
highlighting scientific literacy, knowledge practices or transversal competencies as 
learning aims.  

The call for more integrated approaches to education rose partly from the need 
to focus on the 21st century skills that are common denominators for various skills 
necessary for success in daily life, such as learning and collaboration skills or digital 
and scientific literacy (Karlgren et al., 2020). Transversal competencies is a similar 
and a much-used term in the Finnish context (EDUFI, 2016). One problem with the 
21st century skills or transversal competencies is that they produce a long and generic 
list of various competencies which give a little advice for implementing them in 
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practice. Therefore, these competencies should be analysed and further developed 
in specific pedagogical contexts  (Karlgren et al., 2020). 

Constructing an integrated knowledge structure requires students to incorporate 
new information into their existing knowledge structures and to create webs of 
connection between ideas and concepts that allow the transfer of knowledge. To do 
this, students need to engage actively in disciplinary related knowledge practices in 
the real-world context (Krajcik & Czerniak, 2018). Knowledge practices are personal 
and social practices related to working with knowledge and aimed at solving 
emergent problems. These practices channel the participants’ intellectual efforts in 
their advancement of knowledge and pursuit of innovation (Hakkarainen, 2009). 
When discussing science education, the emphasis is on scientific practices that are 
similar to expert performance in the discipline such as in critical thinking and rigorous 
working method; in asking questions; planning and carrying out investigations; 
analysing and interpreting data; developing explanations and building models based 
on the data  (Kelley & Knowles, 2016; Krajcik & Shin, 2014).  

Regarding STEM education, Moore et al. (2014) argue for teaching practices 
involving complex problem-solving, problem-based learning, and cooperative 
learning, combined with hands-on experiments and curriculum that connects 
students’ social and cultural environment with scientific or mathematical content. 
Furthermore, collaborative engineering design has been seen as a central element in 
several pedagogical models for STEM education such as the PIRPOSAL model (Wells, 
2016) and the model for integrated STEM learning (Kelley & Knowles, 2016). 
However, approaching all STEM content through engineering design is not feasible 
for science teachers (Kelley & Knowles, 2016), and there are situations where the 
other ISE approaches could suit teachers’ need better such as SSI education or STSE. 
Teachers may, in addition, find none of the pedagogical models feasible for their 
need.  

There is a need for a more flexible and cohesive pedagogical model for ISE that 
can be implemented with various student groups, subject combinations; with 
different curriculum contents; and in various learning environments. A model that 
enables modification according to teachers’ current needs and yet makes sure that 
the essential elements of ISE are taken into account. Some studies have been made 
that focus on teachers’ integrated practices that can help us define such a 
pedagogical model. For example, Gardner and Tillotson (2019) investigated middle 
school teachers’ practices within an integrated STEM model. Three major elements 
of integrated practices emerged: 1) teachers engaged in continual reflection that 
along with district supports contributed to the durability of the used STEM model; 2) 
teachers and student engaged in dynamic learning transactions based on the 
particular task and concept covered, and 3) using PBL in science was deemed most 
successful by participants. Similarly, research on socio constructivism, that ISE is 
based on, indicates the importance of engaging students in activities that enable 
them to construct their own learning and building a teacher-student relationship on 
the idea of guidance (Adams, 2006). Furthermore, with socio constructivist 
approaches, assessment should be seen as an active process embedded within the 
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learning process and be more formative by nature, for example, giving feedback that 
supports students’ learning (Adams, 2006; Black & William, 2009). 

In conclusion, feasible models for ISE need to address the curriculum aims, 
integrate disciplinary contents and knowledge practices, engage students in 
collaboration and include activities that enable them to actively construct their own 
learning, build a teacher-student relationship upon the idea of guidance, focus on 
formative assessment and the relevance of science education, for example, by 
incorporating relevant scientific contents with authentic real-life contexts.  

2.3.1 CHALLENGES OF IMPLEMENTATION 
Studies have determined several barriers reported by teachers implementing ISE 
(Czerniak & Lumpe, 1996; Herro et al., 2019; Margot & Kettler, 2019; Mentzer et al., 
2017; Samson, 2014; Teig et al., 2019). The challenges include scheduling restraints, 
which make it difficult for teachers to work together or plan and enact integrated 
units (Margot & Kettler, 2019; Samson, 2014). Evidence suggests that teachers who 
perceive more time constraints use less inquiry-based strategies (Czerniak & 
Johnson, 2014; Teig et al., 2019), whereas, contrastingly, teachers who perceive less 
pressure at work are more likely to implement student-centred approaches (Pelletier 
et al., 2002). Other administration related challenges include issues with organizing 
education and curriculum to support integration (Czerniak & Johnson, 2014; Margot 
& Kettler, 2019). In addition, teachers can perceive classroom management as more 
complicated when students are engaged in diverse integrated activities and teachers 
might not have access to integrated curriculum material (Czerniak & Johnson, 2014).  

Teachers’ competence and self-efficacy raises some concerns as asking teachers 
to teach various subjects may create new knowledge gaps and challenges for 
teachers, exposing holes in their own understanding of subject matter knowledge, 
pedagogical knowledge and interdisciplinary issues (Samson, 2014). Furthermore, 
teachers’ prior experiences with integration affect their perceptions and willingness 
to implement ISE (Margot & Kettler, 2019). Therefore, challenging experiences with 
ISE may hinder teachers from implementing it in the future. 

2.4 TEACHERS’ PERCEPTIONS OF AND SELF-
EFFICACY FOR ISE 

Earlier research has indicated that there is a strong relationship between teachers’ 
educational beliefs, perceptions and teaching practices (Jones & Leagon, 2014; 
Pajares, 1992). In a scenario such as this one, teachers have been facing in regard to 
ISE, with an ambiguous concept, challenging educational reform, and in-sufficient 
support, teacher’s self-efficacy and their perceptions are likely to become 
dominantly important aspects of the everyday science teaching practice (Stinson et 
al., 2009; Tschannen-Moran & Hoy, 2001). For example, Czerniak and Lumpe (1996) 
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found teachers’ beliefs about the necessity of reforms to be the strongest predictor 
of the extent to which such reforms would be implemented in the classroom.  

Teachers seem to value integrated approaches to science education (Czerniak & 
Johnson, 2014; Margot & Kettler, 2019; Mentzer et al., 2017) and they are willing to 
implement ISE more when they perceive it as being relevant for subject teaching 
(Viro et al., 2020). However, teachers’ perceptions on the nature of ISE and the 
effectiveness of integrated approaches vary (Czerniak & Johnson, 2014) and evidence 
suggests that teachers perceive implementing integrated practices as ‘trade-offs’ 
with other elements present in everyday teaching (Weinberg & Sample McMeeking, 
2017). In their study on in-service science teachers’ perceptions, Ring-Whalen et al. 
(2018) recognised eight characteristics as being essential components of integrated 
STEM education to teachers: (1) Connecting the disciplines; (2) Balance of science 
and engineering; (3) Engineering focus; (4) Engineering as context; (5) Science focus; 
(6) Mathematics and technology as tools/supports in STEM; (7) 21st century skills; 
and (8) Real-world connections. In addition to these eight characteristics, teachers 
brought out limitations to integrating STEM in their classroom (Ring-Whalen et al., 
2018).  

It should be noted that even when teachers hold a constructivist and inquiry-
driven belief in science teaching, oftentimes those beliefs do not translate into 
correlated practices (Jones & Leagon, 2014). Teachers’ educational belief system is 
composed of various educational beliefs connected to one another, and it is 
according to these connections that beliefs are prioritized and have context-specific 
effects (Pajares, 1992). Therefore, having conflicting educational beliefs, such as 
subject matter beliefs and self-efficacy, can constrain teachers from implementing 
even positively valued reforms (Gregoire, 2003). 

2.4.1 TEACHERS’ SELF-EFFICACY IN RELATION TO ISE 
Bandura (1997) defines perceived self-efficacy as beliefs in one’s capabilities to 
organise and execute the courses of action required to produce certain educational 
attainments. Science teachers’ self-efficacy beliefs affect their general orientation 
toward science education as well as their behaviour in the classroom (Bandura, 1997; 
Pajares, 1992; Tschannen-Moran & Hoy, 2001). Teachers with higher perceptions of 
self-efficacy are more likely to perceive challenges associated with a specific teaching 
task, such as ISE, as surmountable; and therefore, they remain more committed to 
continue doing the task (Bandura, 1997; Tschannen-Moran & Hoy, 2001). High-
efficacy science teachers include students’ problem-solving and logical thinking skills 
in a real-life context, they depend less on curriculum guidelines, they use themes to 
integrate science into other subjects, and they emphasize hands-on science 
experiences (Woolfolk Hoy et al., 2009). Teachers with lower efficacy favour a 
custodial orientation that takes a pessimistic view of student motivation, emphasizes 
control of classroom behaviour through strict regulations and relies on extrinsic 
inducements and negative sanctions to motivate students to study  (Bandura, 1997; 
Woolfolk Hoy et al., 2009). 
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Teachers’ self-efficacy is a context-specific judgment (Bandura, 1997). Therefore, 
science teachers’ self-efficacy beliefs can vary from one integrated teaching situation 
to another. More research is needed to better understand teachers’ self-efficacy for 
ISE. Bandura (1997) identified mastery experiences as one of the main sources of 
self-efficacy, along with vicarious experiences, verbal persuasion and emotional and 
physiological states. Most teachers have little experience with integrated approaches 
to science education, especially beyond science subjects  (Czerniak & Johnson, 2014; 
Turkka et al., 2017). Furthermore, teachers have reported a lack of vicarious 
experiences as well as support from school and colleagues  (Margot & Kettler, 2019; 
Samson, 2014) . 
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3 COLLABORATIVE PROJECT-BASED 
LEARNING 

Project-based learning (PBL) is a student-driven, teacher-facilitated pedagogical 
approach that organizes learning around clearly defined projects (Bell, 2010; Han et 
al., 2015; Kokotsaki et al., 2016; Thomas, 2000). PBL has roots in constructivism 
theories of learning: learning is context-specific, learners are involved actively in the 
learning process, and they achieve their goals through social interactions and the 
sharing of knowledge and understanding (Kokotsaki et al., 2016; Savery, 2019). 
Similar instructional strategies exist such as problem-based learning, inquiry-based 
learning and ‘Learning by Design’ (Savery, 2019), and there is some debate in the 
literature especially about the distinction between project- and problem-based 
learning. Here, I argue for a collaborative PBL as collaboration has been identified as 
a key component both for ISE and PBL. A component that is seen simultaneously as 
an advantage and a challenge and, therefore, needs to be brought into focus when 
talking about implementing PBL as an integrated teaching method.   

In the following sections, first the advantages and challenges of PBL are discussed. 
Second, I provide a synthesis on PBL ‘design principles’ that are the essential 
elements to be considered when designing and implementing PBL.  

3.1 ADVANTAGES AND CHALLENGES OF 
IMPLEMENTING PBL 

Project-based learning (PBL) has a lot of potential to enhance 21st century skills and 
engage students in real-world tasks (e.g., Bell, 2010; Han et al., 2015; Kingston, 2018). 
The 21st century skills or transversal competence (EDUFI, 2016) are a common 
denominator for various skills necessary for success in daily life, such as critical 
thinking, problem-solving, collaboration, communication, and self-management 
skills (EDUFI, 2016; Viro & Joutsenlahti, 2020). Of these skills, for example, problem-
solving is closely linked to mathematics and inquiry is an essential part of science 
education. However, skills alone are not enough as objectives of PBL implementation 
in ISE, since students also need to develop their knowledge and understanding of the 
key concepts of incorporated disciplines and contents central to the curriculum (Bell, 
2010; Markula & Aksela, 2022; Viro & Joutsenlahti, 2020). Research evidence 
indicates that PBL can promote student learning in acquiring deeper content 
knowledge and skills in science and mathematics (Condliffe et al., 2017; Kingston, 
2018; Viro & Joutsenlahti, 2020). In addition, some studies have reported of 
increased attendance, self-reliance, and improved attitudes towards learning on the 
part of students (Kingston, 2018; Thomas, 2000). Therefore, PBL is a potential 
teaching method for ISE, a notion corroborated by the findings of Gardner and 
Tillotson (2019) on teachers’ STEM practices. Furthermore, evidence suggests that 



 

15 
 

teachers regard PBL as beneficial for both teachers and students (Condliffe et al., 
2017).  

Researchers have identified common implementation challenges that are related 
to the elements of PBL. These include teachers’ knowledge, skills and attitude related 
issues such as teachers’ resistance to student-driven learning, confusing inquiry-
based instruction with hands-on activities, inability to motivate students to work in 
collaborative teams, scaffolding instructions, the development of authentic 
assessment and melding required curriculum with PBL that is one of the most 
important but difficult aspects of designing a project-based approach (Condliffe et 
al., 2017; Markula & Aksela, 2022; Mentzer et al., 2017; Viro & Joutsenlahti, 2020). 
Other barriers relate to students’ resistance to employing critical thinking (Mentzer 
et al., 2017), unsatisfactory group working (Condliffe et al., 2017), lack of motivation 
(Condliffe et al., 2017; Marshall et al., 2010) and readiness for student-driven 
approaches in integrated science education (Han et al., 2015). In addition, teachers 
struggle with time constraints and resources to support in-depth student 
investigations needed for constructing knowledge (Condliffe et al., 2017; Viro et al., 
2020). 

The advantages and challenges highlighted here relate to teachers’ perceptions 
of collaborative PBL as well as teachers’ role in implementing PBL. Teachers’ 
perception and conceptualization of teacher roles have a fundamental impact on 
teachers’ implementation of PBL (Habók & Nagy, 2016). Han et al. (2015) state that 
teachers’ role in implementing STEM related PBL must differ from the traditional 
classrooms. Changing teachers’ beliefs about their classroom role from that of 
director to facilitator is one of the key implementation hurdles for student-centred 
pedagogical approaches like PBL (Ertmer & Simons, 2006). 

3.2 DESIGN PRINCIPLES FOR PBL 

Many attempts have been made to clarify the PBL ‘design principles’ that describe 
the essential elements of a PBL approach. There exists a wide agreement that PBL is 
a process of learning, including activities and inquiry that results in an artefact or a 
final product that addresses the driving question or problem set at the beginning 
(Bell, 2010; Blumenfeld et al., 1991; Boss & Larmer, 2018; Condliffe et al., 2017; 
Krajcik & Shin, 2014). However, there is still no consensus on what constitutes to PBL 
(Condliffe et al., 2017). For example, PBL can be emphasized as interdisciplinary (e.g. 
Han et al., 2015) or according to others (e.g. Savery, 2019), projects may also be 
disciplinary specific. Furthermore, it is unclear whether PBL design principles should 
address the content of learning, to what extent students’ choice or collaboration 
needs to be included in the PBL approach or how learning is assessed (Condliffe et 
al., 2017). In Table 1, there is a synthesis adapted from study II on the design 
principles of PBL. 
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Table 1. A synthesis of the design principles of collaborative PBL (adapted from study II) 

Elements Description 

Student 
learning 
goals 

The content of a PBL study unit that ensures the successful implementation of PBL as 
part of science education. The project should be focused on teaching students’ key 
concepts, knowledge practices and understanding derived from national curriculum 
or standards and subject matter content as well as transversal competencies. 

Centrality of 
the project 

This feature distinguishes PBL from other instructional approaches: project is not the 
culmination of learning, but instead in the PBL approach, the project is seen as a 
process through which learning new contents and skills takes place. 

Contextual PBL is a contextualized approach to learning. The projects should be authentic, 
meaningful, and related to a real-world context or an interdisciplinary theme and be 
connected to students’ own concerns and interests. Furthermore, projects require a 
well-designed and open-ended driving question or problem, at the appropriate level 
of challenge for students that serves to organize all the project activities. 

Project 
artefact 

The project activities should involve the creation of a final tangible product that 
addresses the driving question and offers representation of students’ learning. 

Collaborative 
learning 

PBL requires social negotiation of knowledge, working collaboratively in a group, to 
develop possible solutions to the problem or project. Collaboration should be seen as 
a means to reach the goals and it should be a feature of all project stages. This can 
include collaboration with parents, other schools, companies and science experts. 

Constructive PBL involves students in a process of constructing knowledge that can be achieved 
through in-depth inquiry, use of problem-solving and critical thinking skills and by 
revision of what is currently known and what needs to be understood before 
proceeding.  

Student 
engagement 

Teachers should foster student engagement during the project process. Students’ 
choice and active participation is vital for the construction of knowledge. Although 
encouraging student choice align with student-centred approaches, it is not explicitly 
clear what the extent of student autonomy should be in a PBL classroom. 

Scaffolding 
instruction 

Scaffolding instruction refers to any method or resource (e.g., teachers, peers, 
learning materials and technologies) used by teachers to help students to accomplish 
more difficult tasks than they would be capable of completing on their own. The key 
elements of scaffolding are: 1) the scaffold needs to be tailored to a student’s current 
level of understanding, and 2) scaffolds should be faded over time as students learn 
to apply their new knowledge or skills on their own. 

Assessment Emphasis should be on formative assessment that aims at supporting students’ 
learning. This includes reflection, self and peer evaluation and teachers’ feedback 
throughout the project process. Assessment should also include a specific end-of-
project phase that ensures reflection on what was learned as well as the creation of a 
project product that addresses the driving question. 

Publicity A public presentation of the project supports students’ communication skills and can 
motivate students and present an opportunity for feedback. Instead of a presentation, 
the product itself can be made public. This can also be seen as meeting the PBL 
criterion of authenticity. 
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Externally developed PBL curricular units for science education such as Project-
Based Inquiry Science (Kolodner et al., 2015) and Investigating and Questioning our 
World through Science and Technology (Shwartz et al., 2008) have been developed. 
Both were inspired by the project-based science design principles of Blumenfeld and 
colleagues (1991) that similarly to Krajcik and Shin (2014) emphasize driving 
questions, collaborative student-led inquiry, the use of technology to scaffold 
student learning, and the creation of authentic artefacts. The common thread of PBL 
elements that runs through these two middle school science curricula demonstrates 
the importance of connecting concepts, research, and practice. (Condliffe et al., 
2017; Kolodner et al., 2015; Shwartz et al., 2008) However, the externally developed 
curricula can be overly prescriptive, and most teachers do not have access to them 
(Condliffe et al., 2017). As a result, PBL continues to be mostly designed and 
implemented by teachers on their own. 
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4 METHODOLOGICAL FRAMEWORK 

Through focusing on science teachers’ perceptions, experiences and practices of ISE 
and PBL, this thesis aims to understand how teachers can be better supported with 
transferring ISE into successful classroom practices. This is required in order to better 
promote ISE at various educational levels. Three questions were asked: 1) How do 
science teachers perceive ISE and PBL? 2) What kind of experiences do science 
teachers have of integrated practices? 3) What kind of integrated practices do 
science teachers have?   

4.1 A MIXED-METHOD APPROACH  

A mixed-method approach is particularly useful in providing a more holistic 
understanding as it utilises both qualitative and quantitative research approaches 
(Ayiro, 2012; Denscombe, 2010; Johnson et al., 2007). The mixed-method approach 
and research methods used in this thesis (see Table 2) are described in more detail 
in this chapter. The individual studies (I-IV), including data analysis methods, are 
described in chapter 6.  

Table 2. The research methods used in this thesis. 

 Study I Study II Study III Study IV 
Research 
method 

survey  survey survey,  
case study 

case study 

Date of data 
collection 

November 2015, 
together with 
study II 

November 2015, 
together with 
study I 

January to March 
2017 

February 2020 

Data qualitative-led 
questionnaires  

mixed 
questionnaires 

qualitative-led 
questionnaires, 
reports 

questionnaires, 
course 
assignments 

 
Key features of mixed-method approach that set it apart from other strategies 

are the integration of qualitative and quantitative approaches within a single 
research and explicit focus on the connection between these approaches 
(Denscombe, 2010; Johnson et al., 2007). However, there is no single standard for 
implementation. Johnson et al. (2007) divide mixed-method research into three 
approaches: qualitative dominant, quantitative dominant, and an approach with 
equal amounts of quantitative and qualitative approaches. This thesis follows a 
qualitative dominant approach. In addition, mixed method was used in study II in 
data collection and analysis. This was done according to Ayiro’s (2012) mixed method 
research in which you use quantitative and qualitative data in different stages of the 
research study.  
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The decision to mix and use philosophically alternative approaches is guided by 
pragmatism; the methods are chosen by their practical value in addressing the 
research questions. This has raised some concerns over the consistency of mixed 
method research, however by giving particular attention to triangulation this 
concern can be diminished (Denscombe, 2010). For addressing each research 
question of this thesis (see figure 2), alternative methods (methodological 
triangulation) have been used and data has been collected from various sources and 
during different times (data triangulation). Furthermore, the results of the first two 
studies influenced the following studies and the decision to delve deeper into the 
implementation of ISE by focusing on PBL as an integrative teaching method (study 
III) and by studying teachers’ design principles for ISE (study IV). The research 
methods used in the individual studies are survey and case study. 

 
 

Figure 2 Mixed method reseach approach including triangulation has been used in addressing 
the research questions (RQ) of this thesis 

4.1.1 SURVEY 
Survey is a common method for educational research to gather descriptive, 
inferential, and explanatory data from a large number of people in one instance 
(Cohen et al., 2007). The data for studies I and II were collected with a single online 
survey that was administered to Finnish teachers via mailing lists and Facebook 
groups for science and mathematics teachers on the eve of a curriculum change, in 
November 2015. The survey included separate questionnaires for exploring science 

RQ1: Teachers' perceptions and beliefs in regards to ISE
Study II: perceptions of ISE and self-efficacy 

Study III: perceptions of the advantages and challenges of 
implementing PBL

Study IV: perceptions of design principles for ISE 

RQ2: Teachers' experiences
Study I: science and art integration

Study II: ISE
Study IV: ISE and PBL

RQ3: Science teachers' 
integrated practices 

Study I: science and art 
integration 

Study III: active teachers' PBL 
practices
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teachers’ art integration (study I, RQ 3) and their perceptions of ISE in general (study 
II, RQ 1). In addition, descriptive statistics were gathered with the survey instrument 
to explore teachers’ prior experiences with ISE (RQ 2). In study III, a qualitative-led 
survey (Braun et al., 2017) was used to explore teachers’ perceptions of PBL (RQ 1). 
The survey data was collected from January to March 2017 through the StarT online 
reporting form in Finnish and in English. For all surveys (studies I-III), the samples do 
not represent the science teacher population because of the absence of vocational 
and liberal education teachers and the possible over-representation of active 
teachers due to the channels used for distributing the online surveys.  

4.1.2 CASE STUDY 
Another commonly used method in educational research is case study as it focuses 
on individuals or groups of people (Cohen et al., 2007) and on studying a real-life 
phenomenon in its context in the hopes of a deeper understanding (Yin, 2014). In 
study III, an explanatory case study (Cohen et al., 2007) was made to have a more in-
depth understanding of teachers’ PBL practices reported to the StarT programme 
(RQ 3). In study IV, the descriptive case study (Cohen et al., 2007) concentrated on 
teachers’ perceptions of the design principles for ISE (RQ 1). The main disadvantages 
of a case study are: 1) as a qualitative approach, it is said to be more susceptible to 
researcher’s bias and 2) as it focuses on a single case, its results are not generalisable 
(Cohen et al., 2007; Yin, 2014). Triangulation was used to ensure the internal 
consistency of the studies. Furthermore, a detailed description of the systematic data 
analysis followed and the context of the study, namely the StarT programme for 
study III and online teacher training course for study IV, are provided to increase the 
reliability. 
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5 RESEARCH SETTING 

In this chapter, I introduce the two main contexts of the studies (I-IV). First, the 
Finnish education system as all the studies have been conducted within the Finnish 
education system and either during the initial implementation process of the current 
national curriculum or there after. Second, the international StarT programme as the 
case studies (III and IV) have been conducted within the programme. 

5.1 ISE IN FINNISH EDUCATION SYSTEM 

All studies (I-IV) within this thesis include Finnish science teachers and pre-service 
teachers as participants. The science curriculum is organized and taught as separate 
subjects in Finland from lower secondary school (7th grade) onwards. The National 
Core Curriculum provides common directions and objectives for school education; 
however, teachers have pedagogical autonomy to choose the methods of teaching 
as well as textbooks and materials used (MOEC & EDUFI, 2018). Due to the 
pedagogical autonomy of Finnish teachers, their perceptions of ISE can have a 
considerable effect on the integrated practices. A noteworthy exception to this 
autonomy is a new demand included in the current national curriculum to organise 
a multidisciplinary learning module yearly in primary and lower secondary schools. 
The schools are obliged to plan and implement these “tools for integrating learning 
and for increasing the dialogue between different subjects” in cooperation between 
different subjects and involve students in their planning (EDUFI, 2016). Furthermore, 
the integrated elements are impeded in the learning goals of individual subjects. 

The Finnish curriculum offers a broad definition of integrated education that 
emphasizes, among other things, the development of the whole person (social, 
affective, cognitive), the integrity of subject matter knowledge, and the use of 
interdisciplinary teaching (EDUFI, 2016). It is closely linked to context-based 
education (Gilbert et al., 2011), as it aims to link subject matter with relevant 
contexts from students’ everyday lives and society. Furthermore, the curriculum has 
similar principles guiding it as the framework for K-12 science education (National 
Research Council, 2012), but with one distinction: in Finland, instead of crosscutting 
concepts, the emphasis is on crosscutting skills, called transversal competencies, 
which can be achieved through integrated education. The seven transversal 
competences introduced in the curriculum are: taking care of oneself and managing 
daily life; multiliteracy; digital competence; working life competence and 
entrepreneurship; participation involvement, building a sustainable future; thinking 
and learning to learn; and cultural competence, interaction, and expression (EDUFI, 
2016).  

The Finnish Ministry of Culture and Education (2021) has recently published the 
first national STEM-strategy that includes all education levels. The aim is to ensure 
that the STEM competence in Finland contributes to the well-being of individuals and 
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society; and socially, ecologically and economically sustainable growth. The 
implications to education include the development of science and mathematics 
education at all education levels through investing in more student-centred and 
integrative pedagogical approaches and by supporting the STEM related pedagogical 
competence of teachers. 

5.2 INTERNATIONAL START PROGRAMME 

StarT is an international programme3 organized by LUMA Centre Finland since 2016. 
The aim of StarT is to support integrated science, mathematics and technology 
education by collaborative PBL from early childhood education to upper secondary 
school. The data for study III was gathered from StarT participants. The PBL approach 
of StarT has included broad integrated themes (e.g., Technology around us, 
Sustainable development and Well-being) to help teachers and students focus their 
project activities. There are five requirements and one recommendation within the 
programme: 

1. The project is linked to science, mathematics or technology: For example, by 
the project product or by choosing a driving question or a problem that 
relates to these subjects. 

2. The project is carried out in a team of students. 
3. The project is a product of the students’ work, showing their expertise and 

making use of their own interest and creativity. 
4. The project includes a learning diary that outlines what students have learned 

during the project. 
5. The project results in a final product that is visualized by a short video. 
6. It is recommended that students are given a chance to present their project 

publicly. In addition, project descriptions, videos and diaries are published as 
examples on the webpage of StarT. 

In addition, StarT supports teachers through an online material bank and by offering 
training opportunities such as webinars and online training courses organized by the 
universities included in the LUMA Centre Finland network. Study IV has been 
conducted within an online training course for in-service and pre-service teachers 
provided by the University of Helsinki and LUMA Centre Finland through the StarT 
programme.  

 
3 https://start.luma.fi/en 
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6 DESCRIPTION OF THE STUDIES 

This thesis consists of four interconnected studies (I-IV) with focuses on 
understanding science teachers’ perceptions, experiences and practices in order to 
discover potential ways to support teachers with the implementation of ISE, 
especially by utilizing collaborative PBL. In this chapter, the data analysis and main 
findings of the studies are described per research question. First, the results related 
to teachers’ perceptions of ISE (studies II and IV) and PBL (study III) are presented. 
Second, the results on science teachers’ prior experiences with ISE (studies I and II) 
are presented. Finally, teachers’ integrative practices are described through 
exploring science teachers’ art integration (study I) and PBL practices (study III).  

6.1 TEACHERS’ PERCEPTIONS OF ISE AND PBL 

Majority of the studies included in this thesis sought an answer to the first research 
question: “How do science teachers perceive ISE and PBL?” A general understanding 
of science teachers’ perceptions and self-efficacy beliefs related to ISE was sought 
after in study II. Teachers’ perceptions of PBL as an integrated method were 
investigated in study III. In addition, teachers’ perceptions on implementing ISE were 
studied in study IV through defining teachers’ perceptions of design principles for ISE. 

6.1.1 DATA AND ANALYSIS 

6.1.1.1 Study II 
This is a survey with 95 Finnish participants the majority of whom (>75%) had over 
ten years of teaching experience in primary or secondary schools. The mixed-method 
research was data-driven, and it started with mapping out common denominators 
for science teachers’ perceptions via Exploratory Factor Analysis (EFA). A five-point 
Likert-scale instrument with 31 ISE-related items was used to measure the degree of 
agreement, ranging from five ‘strongly agree’ to one ‘strongly disagree’ and an 
additional ‘I don’t know’ option. The instrument items were formulated based on 
earlier research on ISE (Czerniak & Johnson, 2014; Hurley, 2001; Stinson et al., 2009; 
Supovitz & Turner, 2000). The identified 4-factor solution was used as a thematic aid 
in the following qualitative content analysis of the open-ended questions about how 
best to define IE and the possibilities and challenges of implementing ISE. The 
content analysis technique employed here utilises frequency counts as well as more 
interpretive, data-driven thematic analysis (Drisko & Maschi, 2015; Mayring, 2014). 
The coding and category formulation process was done by two researchers and inter-
coder testing was done both with an outside coder (Cohen’s kappa 0.804) and with 
the two researchers who had formulated the categories (Cohen’s kappa 0.914). 
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6.1.1.2 Study III 
Science teachers’ perceptions of the advantages and challenges of implementing PBL 
were studied via a qualitative survey and in the context of the StarT programme in 
study III. Out of 275 international StarT participants representing teachers from 
various levels of education, 244 answered the research questionnaire. A qualitative 
content analysis with an explorative design and a data-based, inductive category 
formation (Mayring, 2014) was used to explore teachers’ perceptions. The final inter-
coder reliability was k=0,79 for the categories of advantages of PBL and k=0,82 for 
the challenges of PBL. 

6.1.1.3 Study IV 
Data for this case study was gathered from Finnish in-service and pre-service 
teachers participating in an online training course organized by the University of 
Helsinki and LUMA Centre Finland during the school year 2019–2020. The course 
syllabus focused on integrated science and mathematics education and project-
based learning as an integrated teaching method. The data was collected as a course 
assignment (n=85) that utilized open-ended questions to allow a more holistic and 
comprehensive look at the teachers’ perceptions of the design principles for ISE. The 
course assignment included eight short instructional scenarios that were adapted 
from a previous study (Stinson et al., 2009) with a few adaptations to better suit the 
Finnish education system. The data analysis started with a frequency count similar to 
the analysis made by Stinson et al. (2009) in order to gain a preliminary 
understanding of what kind of teaching scenarios teachers identify as ISE. Second, 
teachers' written answers to open-ended questions were analysed by a qualitative 
content analysis (Mayring, 2014) that consisted of a systematic, data-driven, and 
inductive category formation procedure to describe teachers’ design principles for 
ISE. Comments that did not answer the research question ‘How do teacher 
characterise ISE?’ were omitted from the analysis. The preliminary category 
formulation was done by two researchers in an iterative process. The final category 
system with eleven categories had a substantial inter-rater reliability (Cohen’s kappa 
k=0.878). 

6.1.2 RESULTS  
The following chapters contain results on teachers’ perceptions from studies II-IV and 
a summary of the main results. 

6.1.2.1 Science Teachers’ Perceptions and Self-Efficacy for ISE 
In study II, EFA was used as a starting point to reveal latent factors explaining 
teachers’ perceptions of ISE. The final factor solution of EFA included variables with 
factor loadings over 0.4 and explained 52.5% of the total variance in teachers’ 
perceptions of ISE via the following four factors: F1) self-efficacy for ISE, F2) relevance 
of ISE, F3) challenges of ISE, and F4) multifaceted nature of ISE. Self-efficacy emerged 
as the key factor explaining teachers’ perceptions of and their lack of confidence in 
implementing ISE. Results suggest that teachers with lower self-efficacy for ISE 
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perceived integration as more challenging. In addition, cross tabulation revealed 
statistically significant differences (p = 0.028, Fisher’s Exact Test) between primary 
and secondary school teachers’ self-efficacy beliefs. Primary school teachers showed 
more confidence in their own abilities at executing ISE lessons and their 
understanding of integration. Secondary school teachers expressed some 
disagreement with the statements included in the relevance factor and were more 
reluctant to implement ISE, whereas none of the primary school teachers disagreed 
with the relevance statements.  

The subsequent content analysis elaborated further on the found factors and 
teacher’ perceptions of ISE as a multifaceted concept. In conclusion, teachers defined 
ISE as a student-centred approach that requires collaboration between subjects, 
coherence, and links to students’ daily lives by 1) focusing on a specific phenomenon 
or the broader context of daily life, and 2) activating students to learn skills and 
knowledge in such a context. When asked about the main advantages of ISE, teachers 
highlighted the relevance of learning that was connected to increased integrity of 
knowledge, meaningfulness and motivation. The challenges of ISE included seven 
categories with administration and time related challenges being the main barriers 
for teachers when implementing ISE. Especially, teachers perceived administrative 
related challenges as being external issues, and thus successfully managing them is 
rarely in the hands of the teachers alone (e.g., curricula). In addition, few self-efficacy 
related challenges emerged from the content analysis indicating that teachers tend 
to regard the implementation of ISE as possible only with a certain set of skills, 
knowledge and professional competence.  

6.1.2.2 Teachers’ Perceptions of the Design Principles of ISE 
Teachers’ perceptions of the design principles for ISE were focused upon in study IV. 
From teachers’ characterisations of teaching scenarios, five main categories emerged 
to describe the implementation of ISE: comprehensive nature of integration, student 
engagement, context-based, practical and versatile. Teachers emphasized first and 
foremost (over 40% of all cases) the collaboration between subjects as a feature of 
integrated education. This was related to the coherence of knowledge and 
promoting diverse perspectives. All three characterisations were coded under the 
comprehensive nature of integration. A second feature teachers highlighted was the 
importance of engaging students in the learning process, this included teachers’ 
perceptions of ISE requiring a student-centred approach or not being “too teacher-
led” e.g., somehow making students active and the importance of making learning 
meaningful or relevant to students. Context-based approach emerged as the third 
characterisation of ISE. This included two subcategories: a link to everyday life and 
the use of a coherent interdisciplinary context or a theme. The category practical 
related mainly to doing investigations or practical work that activate learners such as 
PBL. The last category highlighted the versatility of ISE; for example, by incorporating 
multiple teaching methods and using diverse learning environments.   
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6.1.2.3 The Advantages and Challenges of PBL as an Integrative 
Teaching Method 

Teachers’ perceptions of the advantages and challenges of PBL were studied in study 
III. Teachers viewed PBL as having multiple advantages which mainly related to the 
potential for increasing learning, collaboration and motivation. The learning related 
answers referred to learning something new in general, learning more than was 
expected or to students’ increased skills such as group working and problem-solving 
skills. Notably, fewer comments related directly to the learning of subject content 
and only a couple of teachers mentioned students having a more interconnected 
view as a learning advantage. Learning was mainly regarded from students’ point of 
view, but few teachers highlighted that learning included everyone involved in the 
project, students and teachers alike. Second, teachers valued collaboration, a sense 
of community generated by the PBL approach and the wider collaboration 
possibilities offered by StarT or other collaboration partners. Third, an advantage of 
PBL was observed: an increase in motivation that mainly related to the enthusiasm 
of students. In addition, positive attitude change, building self-esteem, relevance of 
learning and getting engaged in project working were mentioned as motivation 
related advantages. Finnish teachers’ perceptions differed somewhat from the 
perceptions of teachers in other countries. Finnish teachers regarded the student-
centred nature of PBL as one of the main benefits or even the most useful feature of 
PBL, whereas a minority of teachers from other countries mentioned this as a benefit. 
On the contrary, they seemed to view the usefulness more from the perspective of 
teaching and regarded the versatility of education as one of the main benefits.  

Teachers’ views on the challenges of implementing PBL were more coherent than 
their views on the advantages of PBL. Here, facilitating PBL emerged as the main 
challenges. Besides teachers’ difficulties with facilitating students project working, 
this category included challenges with time management and laborious planning of 
PBL. The second challenge category was structural challenges which included 
technical issues such as using new ICT tools or having difficulties with the reporting 
of StarT, and the lack of resources. Third category of challenges related to interaction 
with students and collaboration in general. Interestingly, Finnish teachers reported 
more challenges with collaboration, time management and technical issues 
compared to teachers from other countries.  

6.1.3 SUMMARY OF THE RESULTS 
The results of studies II, III and IV are consistent and contribute to our understanding 
of teachers’ perceptions of ISE and PBL as an integrative method. According to study 
II and IV, a majority of science teachers seemed to have a general understanding of 
ISE as a student-centred and context-based approach that requires collaboration 
between subjects, integration of knowledge and links to students’ daily lives. 
However, teachers’ definitions of ISE and its design principles varied. This difference 
was observed in study II between primary and secondary school teachers’ 
perceptions of ISE and between Finnish teachers and teachers from other countries 
in study III that focused on PBL. Furthermore, ISE and PBL as an integrative method 
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were regarded as relevant but challenging to implement. The results (study II) 
confirm that teachers’ perceptions of the relevance of ISE influence their willingness 
to implement integrated approaches in science education. In addition, self-efficacy 
emerged in study II as a key factor explaining teachers’ perceptions of and their lack 
of confidence in implementing ISE as well as their need for support. Similarly, some 
teachers expressed a lack of belief in their own competence for implementing PBL in 
study III.  

6.2 TEACHERS’ PRIOR EXPERIENCES WITH ISE 

Teachers’ prior experiences with integration affect their perceptions, self-efficacy 
beliefs and therefore their willingness to implement ISE (Bandura, 1997; Margot & 
Kettler, 2019).Thus, knowing what kind of prior experiences teachers have of ISE and 
what kind of experiences are lacking can help us understand teachers’ perceptions 
and practices better and give us suggestions for teacher education and teachers’ 
continuous education. This was defined as a subject of study with the second 
research question: “What kind of experiences do science teachers have of integrated 
practices?” that was answered with descriptive data collected in studies I, II and IV. 

6.2.1 DATA AND ANALYSIS 
Teachers’ prior experiences with integrated approaches (study II) and science and art 
integration (study I) were mapped out with a single survey that included separate 
questionnaires for each of the studies. The descriptive data included Finnish primary 
and secondary school science teachers’ prior experiences with integrated 
approaches (study II, n=95) and the frequency of secondary school science teachers’ 
art integrations (study I, n=66). Regarding the possibilities of art and science 
integration, a rough classification of different forms of art and the possibilities of 
integration were based on previous research on arts integration in education 
(Burnaford et al., 2007; Reif & Grant, 2010). Because no previous instruments about 
art integration in science education were found, participants were asked to give an 
open-ended example of art integration. The descriptive data collected in study II 
about teachers’ prior ISE experiences were mainly quantitative by nature. As stated 
in section 6.1.1., the questionnaire was developed based on previous literature on 
ISE and integrative teaching methods. In addition, teachers’ experiences with 
collegial collaboration (within subject and interdisciplinary) were asked as 
collaboration was identified as an essential element of integrated education. 
Exploratory statistical analysis  (Cohen et al., 2007) was used to describe teachers’ 
prior experiences. 

Data about teachers’ prior experiences with integrative methods, PBL in specific, 
and collaboration (collegial or with a party beyond school) was collected in study IV 
from Finnish pre-service and in-service teachers working at different education levels 
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from pre-primary to upper secondary schools (n=99). Again, statistical analysis was 
used to interpret the data. 

6.2.2 RESULTS 
Secondary school science teachers (n=66) reported using various forms of art, 
however, arts integration was done infrequently. Little more than one-fourth of 
teachers organised science and art integration in smaller units during classes, or in 
larged units such as projects and courses. Drawing and painting were the most 
frequently integrated art practices, while literature, drama and digital art were the 
least integrated practices. It is worth noting that a majority of teachers reported that 
they never included art in the way suggested by the questionnaire. The infrequency 
might be partially explained by teachers’ perceptions of a lack of time, knowledge 
and materials in relation to art integration. In addition, nearly half (47%) of teachers 
experienced the school atmosphere as unsupportive.  

The results (study II) relating to science teachers’ experiences with integrated 
practices (parallel or periodic subject teaching or integrated activities) and collegial 
collaboration (within subject or interdisciplinary) indicate that eventhough most 
teachers had organised integrated activities, such as a theme day, class event or a 
school visit, at least once a year, teachers in general were not accustomed to working 
together nor using integrated approaches in science teaching. Half of the teachers 
had never executed more extensive, at least a week in length, integrated study units 
such as projects or courses. Collaboration within the same subject was more 
common than interdisciplinary collaboration. However, 11.3% of the teachers stated 
that they had never collaborated with colleagues. The results show that primary 
school teachers have used integrated practices and collaborate more than secondary 
school teachers. Teachers who had never implemented integrated practices were all 
from secondary schools. Furthermore, teachers who reportedly engaged in 
integrated activities seldom or never expressed lower self-efficacy beliefs (P = 0.001, 
Fisher’s Exact Test) and perceived ISE as more challenging (P = 0.039, Fisher’s Exact 
Test). Similar correlations were found with teachers with little or no experience in 
interdisciplinary collaboration.  

Study IV results are in accordance with the results from study II. All primary school 
teachers apart from one had used integrative methods and collaborated with 
colleagues whereas more than half of the secondary school teachers had not used 
integrative methods within the last two years. Similarly, secondary school teachers 
had clearly less experience of PBL and collaboration (collegial or with an organization 
or a party beyond school). Pre-primary teachers and pre-service teachers showed 
more variance in their experience with some collaborating and using integrative 
methods and PBL somewhat regularly (at least yearly) and some having no 
experience with integration nor with collaboration.  
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6.2.3 SUMMARY OF THE RESULTS 
Science teachers’ prior experiences with integrated practices, arts integration and 
collaboration were focused on in studies I, II and IV. The studies revealed that 
especially secondary school science teachers have little experience with integrated 
practices such as PBL, they integrate art infrequently, and are unaccustomed to 
working together with colleagues or collaborating with parties beyond school. Study 
IV was conducted four years after study II and the results showed some improvement 
in the experiences of Finnish primary school teachers. This was expected as the 
current curriculum for primary and lower secondary schools, which at the time of the 
data collection had been in force for a few years, obliges teachers to organize a 
multidisciplinary learning module yearly. Nevertheless, there were few teachers, 
mainly teachers in lower secondary school, who had no experience with ISE or 
collegial collaboration. These results suggest that supporting teachers with 
successful implementation, for example, by focusing on positive school atmosphere, 
offering additional integrated material and offering training opportunities to carry 
out integrated activities and interdisciplinary collaboration can positively affect 
teachers’ perceptions and self-efficacy in relation to ISE which in return can affect 
teachers’ willingness to implement more integrated approaches in science 
education.  

6.3 SCIENCE TEACHERS’ INTEGRATED PRACTICES 

Teachers’ actual practices were outlined as a research topic with the third research 
question (What kind of integrated practices do science teachers have?) because 
answering this is a prerequisite for determining the quality of teachers’ 
implementations that in turn can help us determine issues teachers need support 
with. Within this thesis, teachers’ practices were investigated with a focus on arts 
integration (study I) and collaborative PBL (study III). 

6.3.1 DATA AND ANALYSIS 

6.3.1.1 Study I 
Examples of secondary school science teachers’ art integrations were obtained as a 
part of an online survey. Because no previous instruments measuring art integration 
in science education were found, participants (n=66) were asked to answer an open-
ended question “Give an example of how you integrate art in your science lessons”. 
The data was analysed by data-driven qualitative content analysis with inductive 
category formation as suggested by Mayring (2014) Criterion used in selecting data 
segments was “a way to integrate art into science teaching”. The data that did not fit 
under this criterion, such as clauses that made no sense in terms of art integration in 
science education, was omitted. After several iterations, a category system emerged 
with integration through content and integration through activities as the two main 
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categories. Two inter-raters participated in the verification of the final coding to add 
to the reliability of the results (Mayring, 2014). The final inter-rater agreement after 
discussion was substantial as indicated by Cohen’s Kappa coefficient of 0,946. 

6.3.1.2 Study III 
The case study in study III explored teachers’ PBL practices within the international 
StarT programme. Based on the reports shared by StarT participants willing to 
participate in research (n=244), twelve PBL units were selected for the case study 
based on two criteria: 1) the PBL unit had a comprehensive report, and 2) the sample 
included various project examples with different StarT themes and from different 
education levels and countries. The data included written project descriptions, 
videos, photographs, and students’ diaries as well as teachers’ descriptions of their 
practices related to carrying out StarT projects. To explore and understand how PBL 
can be implemented in ISE, an interpretive, theory-driven content analysis (Drisko & 
Maschi, 2015; Mayring, 2014) was chosen as an analysis method. An effort was made 
to ensure reliability of the case study through a careful analysis of the versatile data 
reported by teachers, and by checking the intra-coder reliability throughout the 
analysis process. The reliability could have been improved by an inter-coded 
reliability. 

6.3.2 RESULTS 
The following chapters contain results on teachers’ practices from studies I and III 
and a summary of the main results. 

6.3.2.1 Teachers’ Practices for Integrating Art and Science 
A pedagogical model for science teachers’ art integration emerged from the data in 
study I. The two ways of connecting art and science in the model are based on 
content and activities. In activities integration, the experience of doing something 
was emphasized. The activities were divided into three subcategories: science-based, 
art-based, or mutual activities. For example, teachers engaged students with drawing 
or analyzing to provide an experience that helps the students to connect art and 
science. Content integration emphasizes the constructing knowledge by elaborating 
how ideas and concepts between the two disciplines are connected. This was found 
to be related to themes, artefacts and direct links with concepts such as colors, light, 
sound, patterns and geometry. These two approaches (integration via content or 
activities) were sometimes intertwined and sometimes used separately or 
subsequently during science lessons. Emotions or feelings were not explicitly brought 
up in any of the examples of art integration. In addition, it should be noted that 
although teachers often suggested drawing graphs or molecules as an example of art 
integration, drawing is an established practice in science education and can hardly 
be said to be art integration unless it has other qualities that characterise art such as 
imagination, expressing important ideas and feelings or aesthetics 
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6.3.2.2 Teachers’ PBL Practices  
Results of study III indicated that teachers’ PBL practices seemed to meet most of the 
design principles set by research literature. However, in closer inspection the 
inadequacies and variations of the implementations became clear. First, the amount 
of student autonomy varied from teacher-led activities with little student choice to 
complete student autonomy in relation to the execution of projects. In general, 
students’ involvement was minimal or even absent in setting the learning aims, 
overall theme, schedule, and assessment of the project. Second, half of the cases had 
not set a clear driving question or a problem to focus students’ inquiries and motivate 
learning. Instead, the PBL activities and artefacts created were based on a common 
theme. It should be noted that the broader theme allowed in some cases more 
freedom for the students to choose over the direction of their own project, and it is 
possible that students set specific questions or problems even though this was not 
brought out in the data. Third, the construction of knowledge was not supported 
adequately as many projects seemed to lack a critique and revision phases. This may 
be partly because of the difficulty to manage time that was mentioned by many 
teachers as one of the main challenges. Any kind of reflection was mainly done in the 
two phases of the project processes: 1) in the beginning to assess what is known and 
what needs to be learned, and 2) while presenting the project and artefact at the end 
of the project process. Fourth issue that partly relates to the previous is that only a 
couple of cases referred to formative assessment as being a part of the PBL unit, even 
though most teachers had set specific learning goals for students’ projects. 

6.3.3 SUMMARY OF THE RESULTS 
Science teachers’ practices for arts integration (study I) and PBL (study III) were 
studied within this thesis as examples of integrated practices. A pedagogical model 
for integrating art and science emerged from the qualitative content analysis in 
study. The model created in this study elaborates the many possibilities of 
connecting activities and contents, therefore, it could potentially guide with more 
rigorous designs of art and science integration in the future. However, in future 
designs, this integrated core should be negotiated between a more diverse group, 
for example, in collaboration with art specialists and teachers. The results (study III) 
on teachers’ PBL practice indicate that even the implementations of active teachers 
who voluntarily share their practices and participate in a PBL programme seem to be 
lacking especially in relation to assessment or reflection. It should be noted that the 
researchers had a minimal opportunity to observe the actual implementations of the 
PBL units analysed in the case study. Therefore, it is possible that some elements of 
the actual implementations were not witnessed. To have successful learning 
outcomes, ISE implementations must meet design principles set by research 
literature. Based on the results, teachers need training to support their pedagogical 
competence in implementing ISE. Some teachers in StarT found collaborative 
learning and being a part of an international community professionally useful. 
Therefore, the StarT programme itself could be seen as a novel model for a 
continuous teacher education programme. However, further research is needed to 
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assess the potential of such a programme for teacher education. In addition, we need 
more discussion on ISE and what constitutes a successful PBL implementation as 
these are still under some debate, an issue that continues to complicate the efforts 
to determine the quality of teachers’ implementations and to evaluate its effects  
(Condliffe et al., 2017; Hasni et al., 2016).  
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7 VALIDITY AND RELIABILITY 

This is a qualitative-dominant mixed-method research where the focus is on 
qualitative research methods, such as qualitative-led survey and case study. 
Quantitative data-analyses (EFA, statistical analysis and frequency counts) were used 
to provide a preliminary understanding of participants and their perceptions and as 
a point of comparison for qualitative data analyses. Attention was given to 
triangulation (see chapter 5) that is essential for the reliability of a mixed-method 
approach (Denscombe, 2010).  

In quantitative research, reliability expresses the degree of consistency that can 
be ensured through trustworthiness, applicability, transferability and by measuring 
inter-rater reliability (Cohen et al., 2007). Validity expresses the accuracy of the 
research. External validity such as generalisable results can, for example, be ensured 
by random sampling in survey studies. In addition, internal validity should be taken 
into account by coherence and rigour in conducting the research. There are some 
limitations to the reliability and validity of this thesis. Due to the purposive sampling 
and small sample sizes, the surveys (studies I-III) do not represent the teacher 
population and are not generalisable. However, in study II, measures recommended 
for EFA (McNeish, 2016) were taken to minimize the possible bias caused by the 
sample size and missing values. In addition, in qualitative research such as the 
qualitative-led surveys (studies I and III) and the case studies (III and IV), the intent 
was not to generalise and, in such cases, purposeful sampling is a frequently used 
practice (Cohen et al., 2007). Furthermore, the reliability and validity of qualitative 
research should be addressed by different criteria.  

In qualitative research, making inferences is an essencial part of the data analysis 
and therefore, absolute objectivity or validity is an impossibility. The trustworthiness 
of the studies was ensured through a diligent use of established research methods 
(see chapter 5) and by providing a detailed description of the methodology. For 
qualitative content analysis which was the main data-analysis method for all 
qualitative data in studies I-IV, the inter-coder reliability is of particular significance 
(Mayring, 2014). Cohen’s kappa coefficient was chosen to test the reliability in 
studies I, II and IV as it is commonly used for assessing agreement between two raters 
on a nominal scale (Cohen et al., 2007). In Study III, the intra-rated reliability was 
checked, and the reliability could have been increased by checking the inter-rated 
reliability.  

The reliability and validity of qualitative research is more about asking how well 
the results address the research questions and correspond with the main aim of the 
research. This thesis had a pragmatic aim: finding potential ways to support teachers. 
The results of study II and III have been taken into account in the design and 
development of online training courses for science and mathematics teachers and 
pre-service teachers organized by LUMA Centre Finland and the University of 
Helsinki. One such course is the online course offered through the StarT programme 
that was used as the context of study IV. In addition, the contributions of this thesis 
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include two pedagogical models designed for ISE and the results offer insight into 
teachers’ perceptions, experiences and practices that can advance both the 
academic discussion on ISE and the inclusion of ISE in science teacher education.  

The research ethics were considered appropriately in every study (I-IV). The 
participants were informed of the purpose of the research, and they were asked for 
their consent. The participants of the survey in studies I and II were informed through 
a cover letter or a blog post with a link to the online questionnaire. The purpose of 
the research was repeated in the forewords at the beginning of the questionnaire. 
Studies III and IV were conducted within the Start programme and a teacher training 
course. In both cases, participation in the research was voluntary i.e., StarT or course 
participants could opt out of research participation. Informed consent was obtained 
for all research participants.  

The research has been partly carried out with the support of the Finnish Cultural 
Foundation. The funder nor LUMA Centre Finland organizing the StarT programme 
had a role in the research: in the design, collection, analyses or interpretation of data; 
nor in the writing of the studies (I-IV) or the decision to publish the results. 
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8 DISCUSSION AND CONCLUSIONS 

As stated previously, science teachers have a pivotal role in implementing new 
research and science education reforms into classroom practices. The main 
argument in this thesis is that supporting teachers through educational programmes 
and by providing feasible pedagogical models for ISE can have a positive effect on 
teachers’ perceptions, experiences and self-efficacy beliefs that in turn affect 
teachers’ willingness to implement more integrated practices as is recommended by 
educational reforms and current research literature on science education. This 
argument is discussed further in the following sections based on the results of the 
four studies (I-IV) included in this thesis. First, a discussion on teachers’ perceptions 
and experiences of ISE and how they affect teachers’ integrated practices such as the 
use of PBL in science education (8.1). Second, the designed pedagogical model for 
ISE is presented (8.2).   

8.1 TEACHERS’ PERCEPTIONS, EXPERIENCES AND 
PRACTICES OF ISE AND PBL 

If we wish to move towards more integrated practices in science education, teachers’ 
perceptions and beliefs about ISE should be taken into consideration (Czerniak & 
Lumpe, 1996; Jones & Leagon, 2014; Tschannen-Moran & Hoy, 2001). Similarly, 
teachers’ understanding and criteria for PBL play an essential role in how teachers 
implement PBL in science education (Han et al., 2015; Kingston, 2018; Kokotsaki et 
al., 2016). The results of the individual studies (II, III and IV) are consistent and 
contribute to our understanding of teachers’ perceptions of ISE and PBL. According 
to these results, a majority of science teachers seemed to have a general 
understanding of integrated education, although their definitions varied. The 
variance can be expected, as there is no consensus on a single definition (e.g., Klein, 
2017; Lyons, 2020), and integration especially beyond natural science subjects is new 
to teachers.  

Teachers emphasized ISE as a student-centred and context-based approach that 
requires collaboration between subjects, integration of knowledge and links to 
students’ daily lives. Teachers seemed to link relevance to contextual learning and 
meaningfulness similarly to Gilbert (2006). In addition, Finnish teachers seemed to 
have a broader view of ISE than participants of a similar study by Stinson et al. (2009). 
It should be noted that Stinson et al. (2009) focused on integration of science and 
mathematics and a decade has passed since which can influence teachers’ 
perceptions especially as the amount of literature on the various versions of ISE has 
increased during this time. The importance of examining the complexity of issues as 
a comprehensive whole and via a phenomenon-based approach may partly be 
explained by the definition of integrated education in the Finnish National Core 
Curriculum (EDUFI, 2016).  
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Collaboration emerged as a vital element for implementing ISE and PBL, and as a 
time- and administration-related challenge, a finding corroborated by earlier 
research (Margot & Kettler, 2019). The challenges that teachers associated with ISE 
and PBL, e.g., time constraints, administrative issues and laborious implementation, 
are well in line with earlier research (e.g., Czerniak & Johnson, 2014; Margot & 
Kettler, 2019; Navy & Kaya, 2020; Samson, 2014). The plethora of challenges 
reported by teachers can partly be explained by the fact that ISE is still a novelty for 
science teachers, especially in Finland. Furthermore, it may indicate teachers’ 
frustration with how the educational reform is being executed and with the top-
down mandate to use integrated approaches, as Finnish teachers are accustomed to 
being pedagogically autonomous. 

Despite the challenges, these results also indicate that a majority of science 
teachers saw ISE as relevant for students and for their subject teaching and wanted 
to use integrative approaches such as PBL more in the future. It should be noted that 
this posivite attitude can partly be influenced by the fact that the samples represent 
active teachers, who participate in voluntary trainings and programmes or online 
forums for science educators. Furthermore, these results suggest that even though 
teachers perceived ISE as relevant, they implement it on rare occasion and in an 
irregularly manner. There are at least two possible explanations for this contradiction 
between a willingness to implement ISE and actual practice. First, the perceived 
obstacles can affect teachers’ willingness to implement it especially if the teacher has 
lower self-efficacy in relation to ISE. Second, conflicting educational beliefs and 
epistemological beliefs may constrain teachers from implementing even positively 
valued practices (Jones & Leagon, 2014; Pajares, 1992). The evidence of study II 
suggests that self-efficacy is a key factor explaining teachers’ perceptions of and their 
lack of confidence in implementing ISE as well as their need for support. This is in 
accordance with previous research evidence. Bandura (1997) identified mastery 
experiences as one of the main sources of self-efficacy. On the other hand, low self-
efficacy makes teachers less eager to try new practices (Mckim et al., 2017; Woolfolk 
Hoy et al., 2009; Woolfolk et al., 1990) as is corroborated by the results of study II. 
This is a vicious circle that should be broken down or else integration will remain 
insufficiently implemented in science education. 

The results of studies I, II and IV bring new insight on science teachers’ prior 
experiences with integrated practices, arts integration and collegial collaboration. 
The results indicate that especially teachers’ experiences with integrated activities 
and interdisciplinary collaboration correlate with their views of ISE, challenges and 
self-efficacy beliefs. Therefore, offering teachers training opportunities to carry out 
integrated activities and interdisciplinary collaboration can positively affect teachers’ 
perceptions and self-efficacy in relation to ISE. This can influence teachers’ 
willingness to engage and implement ISE in the future (Margot & Kettler, 2019). 
Especially Finnish secondary school science teachers have little experience with 
integrated practices, they integrate art infrequently, and are unaccustomed to 
working together with colleagues. Secondary school curriculum is structured 
differently from primary school, natural sciences are taught separately and by subject 
teachers; therefore, it is understandable that secondary school teachers can face 
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more administration related issues that make it difficult to integrate and collaborate 
with colleagues. Previous studies (e.g., Margot & Kettler, 2019; Samson, 2014) have 
reported similar structural or administrative challenges that need to be considered 
in curriculum design in order to make ISE feasible also in the eyes of secondary school 
teachers. Furthermore, focus should be given to a positive school atmosphere that 
supports teachers implementing ISE.  

8.2 PEGAGOGICAL MODEL FOR ISE 

Based on the results related to teachers’ practices (studies I and III), teachers’ 
pedagogical competence should be better supported to increase the quality of 
teachers’ integrated practices such as collaborative PBL. One concrete form of 
support is to offer teachers a feasible model for ISE. A feasible model for ISE is one 
that 1) corresponds with research literature, 2) addresses curriculum aims, 3) is 
perceived as feasible by teachers, and 3) focuses on integrated activities and 
collaboration, while at the same time being relevant for learners. In study IV, based 
on teachers’ perceptions of ISE and earlier research (including results from studies I-
II), a novel pedagogical model for ISE was drawn. The model includes five intertwined 
design principles: 

1. Form a coherent whole of the integrated lesson unit, including skills and 
knowledge of integrated subjects, transversal competencies and preferably 
collaboration with other subjects 

2. Focus on the relevance of learning by linking learning to real-life and 
vocational contexts, for example, by collaborating with organizations and 
companies. 

3. Engage students in constructing knowledge through collaborative student-
centred approaches (i.e., inquiry or project-based learning)  

4. Include knowledge practices that are related to the integrated disciplines 
such as scientific practices or mathematical thinking 

5. Be versatile through using various teaching and assessment methods as well 
as different learning environments. 

ISE is what occurs when all principles have been accounted for and implemented; 
and curriculum providing the larger frame, which is important to reflect upon in 
planning, implementing and assessing. The model presented here takes both 
teachers’ perceptions and earlier research into account and, therefore, it could be a 
beneficial pedagogical model for teachers to use when designing and implementing 
ISE. Furthermore, the model can be used in pre-service and in-service teacher 
education at all education levels as a tool to understand ISE and how it can be 
incorporated into teachers’ practices, for example, in chemistry education. However, 
as this is a single case study, the results cannot be generalised. Further empirical 
research is needed to test the feasibility of the model in different educational 
settings. 
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Similarly, to the previous models designed for ISE (e.g. Kelley & Knowles, 2016; 
Roehrig et al., 2021; Stracke et al., 2019; Wells, 2016), the importance of forming a 
coherent whole of the integrated subjects is emphasized by the first principle. 
However, compared to previous models which especially focus on STEM, this model 
can offer teachers more flexibility to choose the integrated disciplines based on 
curriculum aims and their educational needs. The need for flexibility in implementing 
design principles was noted in recent study (Markula & Aksela, 2022) on teachers’ 
PBL practices. Less is known about integration beyond STEM subjects and to this end 
in study I a pedagogical model for integrating art in science education was drafted 
based on teachers’ examples of science and art integration. In the model, art 
integration is characterised as integration through content and activities. However, 
in future designs, this model for art and science integration should be negotiated 
between a more diverse group that includes art specialists, researchers and teachers. 
For example, co-designing a PBL unit in a teacher-researcher partnership can support 
student engagement in science classes (Juuti et al., 2021).  

When comparing the ISE model presented in study IV and the synthesis of PBL 
design principles in study III, they are compatible which confirms the suitability of 
PBL as an integrative teaching method. However, the results on teachers’ PBL 
practices indicate that even the implementations of active teachers who voluntarily 
share their practice and participate in a competition seem to be lacking in certain key 
elements, such as assessment or the critique and revision phase. Similar results on 
teachers’ difficulties to implement PBL in accordance with research-based design 
principles have been reported (e.g., Markula & Aksela, 2022; Mentzer et al., 2017). It 
should be noted that the researchers had minimal opportunity, only through videos 
and photographs, to observe the actual implementations of the PBL units analysed 
in the case study (III). Even though the results cannot be generalised, they add to our 
understanding of teachers’ PBL practices and indicate that teachers’ pedagogical 
competence for ISE and collaborative PBL should be supported better.   
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9 IMPLICATIONS 

Integrative approaches are recommended by many educational reforms and current 
research literature of science education. As stated previously, the main argument of 
this thesis is that supporting science teachers through educational programmes and 
by providing feasible pedagogical models for ISE can have a positive effect on 
teachers’ perceptions, experiences and self-efficacy beliefs that in turn affect 
teachers’ willingness to implement more integrated practices such as PBL. The 
contribution of this thesis to teachers and teacher education included two 
pedagogical models designed for ISE. First, a model that can be used to design 
integrated practice suitable for own teaching and individual context and contents. 
Second, a model offering insight into the many possible ways to integrate science 
and art. In addition, a synthesis of PBL design principles have been made that can 
help teachers design and assess their own collaborative PBL practices for ISE. 

The results of this thesis offer new insights on teachers’ perceptions, experiences 
and practices of ISE and PBL in different educational levels. The results can help 
teacher educators promote self-efficacy and pedagogical competence of pre-service 
and in-service teachers at various educational levels. Similar reforms to the ones 
made in Finland are being made or have been made in many countries. These results 
confirm that teachers’ pedagogical competence and self-efficacy for ISE should be 
supported to help teachers overcome the multiple identified challenges of ISE. 
Teachers especially need support with integration beyond natural science subjects 
and interdisciplinary collaboration what seemed to be a novelty to teachers. Without 
adequate attention to ways of supporting teachers, these innovative educational 
approaches will not be widely adopted (Blumenfeld et al., 1991; Mentzer et al., 
2017).  

Integrated approaches such as PBL also require substantial changes in teachers’ 
thinking about and dispositions toward classroom structures, activities, and tasks 
(Han et al., 2015), and it can take two to three years for teachers to shift their 
understanding and learn to use PBL in practice (Mentzer et al., 2017). Therefore, 
continuous or long-term professional development programmes that include 
reflection and are connected to actual teaching in schools are recommended over 
short-term workshops (Desimone, 2009; Loughran, 2002; van den Bergh et al., 2015).  

Some teachers participating in StarT found collaborative learning and being a part 
of an international community professionally beneficial. Similar evidence has been 
found in previous research on an international professional development 
programme focusing on PBL (Lavonen et al., 2017). In fact, the StarT programme 
could be seen as a novel model for a continuous teacher education programme that 
embeds training in the school context and makes it possible for the participating 
teachers to collaborate and support each other as well as give and receive feedback 
on actual teaching (Desimone, 2009; Kraft & Papay, 2014). Furthermore, the StarT 
programme supports a co-design or collaborative approach that has been found 
effective in engaging teachers to design new teaching practices (Aksela, 2019; Juuti 
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et al., 2021; Penuel et al., 2007). However, more research on the possibilities of StarT 
as a teacher education programme are in order as well as research on other possible 
educational programmes that support teachers’ self-efficacy and professional 
competence in ISE by offering positive experiences with integrative activities, PBL 
and collaboration.  

Teachers’ beliefs are conceived as immutable, incontrovertible and persistent 
over time (Alake-Tuenter et al., 2012; Pajares, 1992); and the influence of these 
beliefs can be traced back to when teachers were students themselves (McKinnon & 
Lamberts, 2014). Therefore, ISE reform may be integrated with practices more 
sufficiently if practicing ISE is included already in science teacher education. For 
example, online courses such as the ones designed within the StarT programme could 
be incorporated into science teacher education and offer pre-service teachers the 
chance to collaborate with in-service teachers. Additionally, a collaborative primary-
secondary school teacher education programme could be an opportunity to support 
teachers with ISE since primary school teachers seem to have higher self-efficacy and 
more experience with integrative approaches (see study II) and secondary school 
teachers have more confidence in teaching science as a subject (Martin et al., 2012). 
However, more research is needed to clarify the feasible models for introducing ISE 
into teacher education and teachers’ professional development programmes and the 
impact of such programmes on teachers’ perceptions and competence for ISE.  

The results of this thesis offer new insights on teachers’ perceptions, experiences 
and practices of ISE and PBL in different educational levels. In addition, the 
pedagogical models can be useful for science teachers, teacher educators, 
curriculum developers and researchers in their effort to understand ISE better and 
support the implementation of integrative approaches, especially in chemistry 
education.  
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