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rijkskunde. Het onderzoek heeft geleid tot een integratiemodel dat het mogelijk maakt 
voor basisscholen, leerkrachten en onderzoekers om, tijdens het implementeren van 
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Preface

I was a biology teacher in secondary education when, in 2008, a new challenge arrived. 
Fontys University of Applied Science was recruiting young teachers for PhD positions. Two 
research projects caught my eye: “Teaching conceptual (science) knowledge in primary 
schools” and “Integrated science & technology curriculum”. It is probably clear from the 
title of this dissertation that the second project became my PhD project. In the following 
chapters I hope to share what I learned on the subjects of science and technology teach-
ing and curriculum integration. With this dissertation I intend to get “the integration fire” 
started as well as to fire up teachers’ enthusiasm for science and technology.

But first I wish to extend my thanks to Koeno Gravemeijer. He was the professor who 
gave me the opportunity to start my new challenge. This PhD project started under his 
supervision and, until his retirement in 2016, it was his vision on primary school teach-
ing and educational research that guided me and my research. I’m also grateful for the 
opportunity Fontys Hogescholen gave me; it was the first university of applied science to 
hire educators with the intent to initiate and facilitate their PhD projects.

To express my appreciation to the promotor, co-promotores, teachers, students, col-
leagues, friends, family and everybody else who helped to bring this dissertation to a 
successful end, there is a special word of gratitude at the back of this dissertation. 

For me this PhD project was an opportunity to do research at the Eindhoven School of 
Education (Tu/e), to teach students at the primary teacher training institute “de Nieuwste 
Pabo”, to develop lesson materials in cooperation with primary education teachers and to 
interact with students in primary school classrooms. This stretch from primary to tertiary 
education was for the past ten years, and still is, a fantastic environment that keeps me 
full of burning curiosity! 

“Everything will be alright in the end. If it’s not alright, it’s not the end” 
Unknown1

1 Although…the internet says it was John Lennon, and Fernando Sabino could have said it 
earlier but he was mistaken for Paulo Coelho. In addition, it seems that Ed Sheeran is credited 
as well and that it became popular thanks to the movie The Best Exotic Marigold Hotel. I guess I 
need some more years to figure this one out…
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1
1.1 Introduction 

Science and technology play an important role in society. Many people encounter these 
domains in their professional life; everyone needs technology to function in everyday life, 
and furthermore, there is a shortage of science and technology workers (Osborne & Dillon, 
2008; Science and Technology Advisory Council, 2014; Techniekpact, 2013). In this disser-
tation, Science and Technology (S&T) is used as the terminology to refer to the domain 
that concerns students’ orientation to “their natural environment and the phenomena 
occurring in it” (Dutch Ministry of Education Culture and Science, 2006, p. 5). Science and 
technology share practices and skills, such as analogical reasoning, visual representation, 
testing and learning from failure (Kelley & Knowles, 2016; Lewis, 2006). Because of these 
commonalities, S&T in this dissertation is used interchangeably with terms such as science, 
and nature and technology. In the Dutch core objectives for primary education, the context 
of this dissertation, science and technology are part of a domain called “natuur en techniek” 
(“nature and technology”)1. 

It is important that children get acquainted with S&T. First of all, this is because our 
world and their lives are full of it. Secondly, they should develop a positive attitude towards 
S&T and learn about concepts and skills that are related to these subjects at a young age 
in order to increase the chance that they opt for a career in the STEM domain (van Gri-
ethuijsen, 2015). Attitudes toward S&T are already formed before the age of 14 (Osborne 
& Dillon, 2008), making it important that children come into contact with S&T during 
primary education.

However, many issues make this difficult. Primary education curricula are often over-
loaded, there is little time for S&T and many teachers have no background in scientific and 
technological skills (Algemene Vereniging Schoolleiders, 2017; Appleton, 2007). Therefore, 
including S&T in the primary education curriculum is no simple task. In addition to these 
issues, traditional science education struggles to stimulate students’ enrollment in science 
studies, creates a false image of science and scientists and fails in addressing science in 
a meaningful manner Aikenhead (2005). Aikenhead argues for a curriculum perspective 
where science, technology and society are taught in a more integrated manner. Real-life 
contexts, interdisciplinary approaches and hands-on experiences can also stimulate the 
development of students’ 21st-century skills and attitudes (Harlen & Léna, 2011). How-
ever, little is known about how to integrate S&T in the (primary education) curriculum. 
Practitioners need models, tools and strategies to integrate S&T in the curriculum. The 
aim of this dissertation is to investigate integrated curricula as an approach to strengthen 
Science & Technology in primary education.

1.  In (international) literature, often terms such as science, STEM, technology, engineering and 
biology are used. When referring to such research in this dissertation, the term S&T is used as 
it pertains to the Dutch situation.
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Using real-world contexts in an integrated approach appears to be a promising 
avenue for S&T teaching (Aikenhead, 2005; King & Ritchie, 2012; Rennie, Venville, & Wal-
lace, 2012b; Sullivan-Watts, Nowicki, Shim, & Young, 2012). Over the past century, many 
researchers have used different names and other definitions for the approach they used 
for integrating different school subjects: thematic, interdisciplinary, blended, block time, 
project-based (Czerniak, 2007; Wraga, 1996). This conceptual confusion makes it hard to 
compare research findings on integration and hinders practical implication (Rennie et al., 
2012b). A review of literature may help to better define integration and its possible forms, 
and to create a model that describes the major elements of integration, together with 
factors that hinder or stimulate the implementation of an integrated curriculum. In this 
dissertation the term curriculum is used as “plan for learning” (Thijs & Van Den Akker, 2009) 
that is primarily aimed at the classroom and school level. Curriculum, in this dissertation, 
concerns a teaching plan, instructional materials and a pedagogical approach for a series 
of lessons or course. A model for curriculum integration can guide informed discussions 
on integrated primary science and technology education both in practice and from a 
theoretical standpoint. This is the first specific topic that is addressed in this dissertation. 

One of the most important factors in the implementation of integrated curricula is the 
teacher (Baxter, Ruzicka, Beghetto, & Livelybrooks, 2014; Hargreaves & Moore, 2000). Most 
teachers have little experience with integrated curricula. Many primary education teachers 
do not feel they have the adequate knowledge or skills, and may lack an adequate attitude 
for teaching S&T (Appleton, 2007). Behind these “insecure” feelings often lay conceptions 
of teachers of what constitutes S&T learning and teaching. It is important to understand 
how teachers perceive their knowledge, attitudes and teaching pedagogies concerning 
S&T. Mapping teachers’ conceptions towards S&T and experiences with S&T teaching 
and what they think of integration as a possible means for increasing attention for S&T is 
therefore important. This is a second specific topic addressed in this dissertation.

As stated above, teaching S&T is not easy for teachers (Harlen & Léna, 2011). Chang-
ing primary S&T practices asks for a great deal of effort (Hackling, Peers, & Prain, 2007). 
Many teachers have little experience with integration. Research provides few clues on 
how integration efforts impact teachers, and how teachers can be prepared for integrated 
teaching is still largely unclear (Honey, Pearson, & Schweingruber, 2014). One thing is 
clear, however, in aiming for the integration of S&T with other school subjects, teachers 
need a means of binding school subjects together and making the merged content coher-
ent, navigable and intelligible to both themselves and their students. School textbooks, 
learning goals and curricula are often discipline based. It is clear that when integrating 
disciplines an agent is needed (see also Malik & Malik, 2011): “something that produces or 
is capable of producing the actual integration in the heads of the teachers and students”. 
In this dissertation, the term integrating agent is used to describe pedagogical ingredients 
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1
that are capable of blurring the boundaries between school subjects. This integrating 
agent amalgamates the separate school subjects into a meaningful unity for the students. 
Inquiry- and problem-based education, for example, encompass promising pedagogical 
approaches that can provide agents to integrate disciplines (Webber & Miller, 2016). The 
pedagogies are an umbrella term that encompasses approaches such as Scientific inquiry 
learning (Harlen, 2013), Project-based learning (Krajcik & Blumenfeld, 2006) and Game-based 
learning (Hwang, Chiu, & Chen, 2015).This leads to the question of how this actual “tying 
together” of school subjects can be best achieved; which options are available and what 
criteria can be developed to make informed choices in selecting an integrating agent?

Stimulating S&T through integration could benefit from more insight into what the 
characteristics of such “integrating agents” are. Exploratory implementation studies can 
give further insight into approaches to integration, what integrating agents can be used, 
the input that is required for implementation and the output that can be achieved through 
integration. This is a third specific topic of this dissertation.

To recapitulate, the central aim of this dissertation study is to create a better understand-
ing of integrated curricula as a means for (non-specialist) primary education teachers 
to strengthen S&T. More specifically, the study aims to (1) investigate conceptions of 
teachers regarding S&T and (integrated) S&T teaching, (2) construct a (working) model 
for integration that can guide the implementation of integrated curricula and stimulate 
informed discussions, and (3) explore implementation efforts regarding integration of S&T 
using different types of integration and different integrating agents, by looking at what 
input (such as demands and constraints encountered by teachers) and what outcomes 
(for teachers and students) can be associated with these implementations. The following 
paragraphs will describe in more detail primary S&T education goals and pedagogies, the 
difficulties associated with S&T teaching and curriculum integration as a possible solution 
to meet these difficulties. 



Chapter 1

16

1.2 Theoretical background 

1.2.1 Primary science and technology education goals and pedagogy
Education has an important role in preparing students for life in a society that is pervaded 
with products, artifacts and processes relating to science and technology (Rocard et al., 
2007; Science and Technology Advisory Council, 2014). Children come into contact with 
science and technology (S&T) at an early age. They are confronted with it in the daily news, 
they use products and tools based on S&T and they need problem-solving skills to deal 
with everyday life physical problems (Van Keulen, 2009). Therefore, primary education 
has an important role in teaching children about S&T (van Griethuijsen, 2015). This dis-
sertation investigates how to stimulate S&T teaching by means of integration with other 
school subjects. 

In order to develop integrated lessons that are aligned with the broader objectives of 
primary teaching, it is important to take into account the goals of primary S&T teaching. 
The primary S&T curriculum aims at knowledge, skills and attitude development in stu-
dents with respect to the natural and material environment and phenomena and artifacts 
occurring in it. S&T knowledge relates to science as well as to technological domains. The 
science domain relates to sub-disciplines such as life science (e.g. ecosystems, human 
health), physical science (e.g. properties of matter, forces and motions) and earth science 
(e.g. earth’ structure, earth in the solar system) (Mullis & Martin, 2013). Technological 
domains relate to The Nature of Technology , Technology and Society, Design, Abilities 
for a Technological World and The Designed World (International Technology Education 
Association, 2007). 

The S&T-skills that are important relate to science and engineering practices (NGSS 
Lead States, 2013, p. 411): “1. Asking questions (for science) and defining problems (for 
engineering) 2. Developing and using models 3. Planning and carrying out investigations 
4. Analyzing and interpreting data 5. Using mathematics and computational thinking 6. 
Constructing explanations (for science) and designing solutions (for engineering) 7. Engag-
ing in argument from evidence 8. Obtaining, evaluating, and communicating information.” 
(NGSS Lead States, 2013, p. 411). These practices are at the core of scientific inquiry and 
engineering design. 

These practices ask for an S&T attitude corresponding to the dispositions scientists 
and engineers have. Van der Rijst (2009) categorized six dispositions: the inclination to 
achieve, to be critical, to be innovative, to know, to share knowledge and to understand. 
Since attitudes towards S&T and S&T teaching are formed at an early age (Tai, Liu, Mal-
tese, & Fan, 2006; Turner & Ireson, 2010) and were found to decline at the end of primary 
education (Kerr & Murphy, 2012; Murphy & Beggs, 2003; Pell & Jarvis, 2001), it is import-
ant to provide motivating S&T education in primary education. A review by Potvin and 
Hasni (2014) showed that aspects that positively stimulate S&T interest, motivation and 
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1
attitude are collaborative work, anchoring S&T to real-life and inquiry- or problem-based 
pedagogies. 

In Dutch primary education, S&T education is embedded within a teaching-domain called 
“Personal and World Orientation.” The learning goals in this area are organized to teach 
students to “orientate on themselves, on how people relate to each other, how they solve 
problems, and how they give meaning to their existence” (Dutch Ministry of Education 
Culture and Science, 2006, p. 5). 

The seven core objectives relating to S&T are (Dutch Ministry of Education Culture 
and Science, 2006, p. 6):
1. The pupils learn to distinguish and name many common plants and animals in their 

own environment and the way they function.
2. The pupils learn about the makeup of plants, animals and humans and about the 

form and function of their parts.
3. The pupils learn to research materials and physical phenomena, including light, sound, 

electricity, power, magnetism and temperature.
4. The pupils learn to describe the weather and climates in terms of temperature, pre-

cipitation and wind.
5. Concerning products from their own environment, the pupils learn to find connections 

between form, material use and the way things work.
6. The pupils learn to design, realize and evaluate solutions for technical problems.
7. The pupils learn that the position of the earth in relation to the sun causes the differ-

ences between seasons and night and day. 
Some of the core objectives focus primarily on S&T knowledge (e.g. 1, 2, 7) and other 
objectives relate to skills (e.g. 3, 4, 5, 6). In recent years, teaching for these skills has 
become an important trend in Dutch S&T education (Clevers & Willems, 2013; Van Graft 
& Kemmers, 2007). 

In primary education in the Netherlands S&T is associated with inquiry and design since 
two of the core objectives mentioned above explicitly refer to learning to do inquiry and 
learning to design. This relation between S&T, inquiry and design resulted in increased 
attention for pedagogical approaches that rely on a student-centered, active learning 
approach in which the learner must experience things, and which focus on questioning, 
critical thinking, and problem solving (De Vries, Van Keulen, Peters, & Walma van der 
Molen, 2011; Van Graft & Kemmers, 2007). 

Typical characteristics of these approaches encompass teaching activities such as 
encouraging questioning, testing and developing ideas, exploring problems and design 
solutions, stimulating information gathering from various sources, ensuring open minded-
ness, engaging in group discussion on S&T ideas and providing feedback so that children 
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can reflect on their learning (Harlen & Léna, 2011; Tanis, Dobber, Zwart, & van Oers, 2014; 
Van Graft & Kemmers, 2007). These teaching activities are believed to positively influence 
S&T teaching (Harlen, 2013).

In sum, when developing integrated curricula for S&T with other school subjects in 
primary education, it seems this should be realized by using student-centered pedagogies 
that stimulate students’ attitudes towards S&T. The lessons should aim at developing skills 
and attitudes related to solving problems, answering questions and building conceptual 
understanding in the realm of life, physical and earth sciences, as well as technological 
concepts.

1.2.2 Challenges in primary education science and technology teaching
To strengthen S&T education, several countries started reform efforts. For example, in 
the USA, the “Science for all Americans” project and more recently the “Next Generation 
Science Standards” (NGSS Lead States, 2013; Rutherford & Ahlgren, 1994) were launched; 
in France “La main à la pâte” (Léna, 2006) and in Australia “Primary Connections” were 
reform efforts (Skamp & Peers, 2012). These programs had in common that they aimed to 
stimulate students’ participation in S&T by the use of stimulating pedagogies that involved 
science and engineering skills and attitudes. In the Netherlands, various corresponding 
efforts have been made to increase attention paid to S&T (Platform Bèta Techniek, 2009; 
Techniekpact, 2013). In 2004 a national platform for S&T was established, with the aim of 
getting more young people interested in S&T and choosing S&T education and profes-
sions. Primary education schools were subsidized and teachers could subscribe for free 
professional development (Platform Bèta Techniek, 2009).

In spite of such efforts, S&T is still among the least favorite school subjects to teach 
(Kazempour & Sadler, 2015; Wilkins, 2009). Appleton (2007) indicates that the avoidance of 
S&T teaching in primary education originates with primary education teachers: they tend 
to have low confidence in S&T teaching and limited content knowledge and pedagogical 
content knowledge. An overloaded curriculum with many school subjects to be taught is 
another complicating factor (NCCA, 2010). 

The fact that teachers have low confidence and struggle with knowledge related to 
S&T teaching could be explained via the complexities of teaching S&T, especially since 
primary education teachers are usually generalists who have had no specialized training 
in one specific school subject (Appleton, 2007). Hence, S&T teaching puts high demands 
on primary teachers. Alake-Tuenter and collegues (2012) identified 22 elements of the 
competencies required by primary education teachers regarding inquiry-based pedago-
gies. The competences reported by them covered aspects of subject matter knowledge, 
teaching pedagogy and teachers’ attitudes. Typically, these competencies are only superfi-
cially covered in pre-service teacher education; for effective S&T teaching, more attention 
to these competencies in teacher education is necessary (Alake-Tuenter, 2014). Teachers’ 
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1
lack of understanding of S&T concepts and the associated subject-related pedagogies are 
important factors that influence their confidence and self-efficacy in S&T teaching (Harlen 
& Holroyd, 1997; Palmer, 2011). 

Teachers’ conceptions of S&T learning are crucial (Loughran, 2007). Appleton and 
Kindt (2002) found that teachers with a clear perception of themselves as teachers of 
S&T are better at creating successful S&T practices. When trying to equip S&T teaching in 
primary education, it is therefore important to take into account teachers’ conceptions of 
S&T and S&T teaching (cf.Van Driel, Beijaard, & Verloop, 2001). 

Dutch primary education teachers have reported similar problems as their international 
counterparts: an overloaded curriculum with little time available to teach S&T, a lack of 
preparation time, little materials available for practical work and their own lack of content 
knowledge and teaching pedagogies, as well as low self-efficacy for teaching S&T (Kneep-
kens, Van der Schoot, & Hemker 2011; Thijssen, Schoot, & Hempker, 2011).

The position of S&T in current Dutch primary education is marginal and gives rise to 
serious concerns (Techniekpact, 2013). Students’ performances do not reach the desired 
levels (Inspectie van het Onderwijs, 2015; Meelissen & Punter, 2016). International com-
parisons (TIMSS) show that primary schools in the Netherlands are second to last in their 
time spent on STEM (Meelissen et al., 2012). Time spent on S&T has declined in the first 
decade of this millennium (Van Weerden & Hiddink, 2013), and less than 4% of teaching 
time is spend on S&T (Inspectie van het Onderwijs, 2017). As for S&T, half of the teachers 
teach these subjects only once a month or less, and when they do so, it is for 35 minutes 
or less (Van Weerden & Hiddink, 2013). Also, for time spent on inquiry- and design-based 
approaches and the availability of a dedicated classroom and facilities, the Netherlands is 
one of the lowest-ranked TIMSS nations (Martin, Mullis, Foy, & Hooper, 2016). 

1.2.3 Integration as a solution to meet the challenges
Integrating S&T with other school subjects could solve or circumvent some of the prob-
lems concerning S&T teaching. For example, Appleton (2002) found that S&T is more 
attractive for primary teachers when it is part of an integrated thematic approach, and 
Keys (2003) reported that in the USA, primary education teachers use integration to com-
pensate for a lack of competence and self-efficacy in S&T teaching. Also, teachers believe 
that integration could save time and allows for covering more learning goals in less time 
(Shriner, Schlee, & Libler, 2010). 

Curriculum integration has been the subject of research for a long time (Wraga, 1996). 
Looking back at research covering most part of the last century, Vars (1996) concluded 
that students perform at least as well or better in integrated curricula than in separate 
subjects curricula. Recent reviews point to similar positive effects on student achievement, 
but all indicate there is still relatively little empirical research on the effects of integration 



Chapter 1

20

on student achievement and attitude (Bradbury, 2013; Czerniak, 2007; English, 2016; 
Hinde, 2005; Kurt & Pehlivan, 2013). 

Many researchers have indicated that the concept of integration suffers from an 
unfocussed, vague definition (Czerniak, 2007; Kurt & Pehlivan, 2013; Rennie et al., 2012b; 
Wraga, 1996). Several authors have described different types of integration and discuss 
similarities and differences (Beane, 1997; Drake, 2007; Fogarty, 1991; Haggis & Adey, 1979; 
Harden, 2000; Hurley, 2001; Venville, Wallace, Rennie, & Malone, 1998). Some researchers 
have regarded integration as a means to get rid of subject area demarcation lines and 
argue that real integration can only be done with real-world issues (e.g. Beane, 1997). 
These types of integration call for rigorous curriculum revision where teaching materials 
are developed that cross subject lines and focus on more generic competences (Vars & 
Beane, 2000). Others have used integration types where one subject can enhance student 
performance in another subject (e.g. Guthrie et al., 2009). It is, however, not yet clear what 
types of integration exist or what benefits and needs accompany these specific types. 
Studying types of integration to determine what makes them successful in improving stu-
dents’ achievement and attitude has rarely been done. In addition, it is still unclear whether 
the full potential of an integrated teaching can be realized during implementation, what 
pitfalls there are and how these pitfalls can be avoided during implementation (Bradbury, 
2013). This all hinders making underpinned choices in applying integration in education. 

No matter what type of integration is being used, the individual subjects or disciplines 
always need to be connected to each other (So, 2013). Curricula usually describe separate 
goals for each school subject, and textbooks and assessment are often about a specific 
school subject. When developing integrated lessons, the content of the individual school 
subjects need a means by which they are bound, a so-called integrating agent. An integrat-
ing agent creates context and meaning for the lesson activities and thereby stimulates 
involvement in students and teachers. It provides opportunities to meaningfully incorpo-
rate lesson goals in teaching activities and helps teachers in constructing a teaching plan. 

Using inquiry-based pedagogies is regarded to be a fitting choice for the integrating 
agent that will merge school subjects in a meaningful manner (Dobber & van Oers, 2015; 
Webber & Miller, 2016). Ireland and colleagues (Ireland, Watters, Brownlee, & Lupton, 
2012, 2014) identified three approaches often used in primary education: 1) the experi-
ence-centered, 2) the problem-centered, and 3) the question-centered approach. In the 
experience-centered approach, teachers want to increase students’ enthusiasm and moti-
vation through unprescribed activities that should involve hands-on activities that stimulate 
students’ senses. In a problem-centered approach, students address problems posed by 
the teacher. The students have a certain ownership over what they do and are engaged 
in activities that should develop problem-solving competences. In the question-centered 
approach, teachers help students to ask questions and answer these through research. 
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When using inquiry in the primary education classroom, four different domains of 

knowledge can be aimed for: 1) conceptual knowledge regarding the topic of the investiga-
tion; 2) knowledge from the epistemic domain which refers to the way scientific knowledge 
is created; 3) knowledge relating to the social domain, such as exploratory talk, critically 
reviewing each other’s work and communicating and collaborating; and 4) knowledge 
from a procedural domain that addresses the systematic steps involved in science, such 
as formulating a sound research question, measuring precisely and drawing conclusions 
based on the results (Van Uum, Verhoeff, & Peeters, 2016).

Attention for S&T in primary education through curricular integration could be done 
more easily and better when based on more insight into potential successful integrating 
agents. This dissertation aims to provide this insight, and investigates two different types 
of integrating agents and the competences teachers need for successful implementation. 
In chapter 4 of this dissertation, a question-centered approach to inquiry learning that 
emphasizes the procedural domain of science knowledge is used as an integrating agent: 
from now on called “the question-centered agent”. In chapter 5, an experience-centered 
approach to inquiry learning that emphasizes the social domain of S&T knowledge is used: 
from now on called “the experience-centered agent”. 

Studies on teacher knowledge and pedagogical skills that are needed for integrated 
teaching are scarce (Czerniak, 2007). It is, however, clear that teachers often have little 
experience in teaching and implementing integrated S&T curricula (Baxter et al., 2014; 
Kurt & Pehlivan, 2013) and that the competences needed to do so are high (Baxter et al., 
2014). The constraints encountered by teachers when implementing integrated curricula 
seem high but are not yet clear. The present study aims to provide further insight into 
these demands, but also in the outcomes resulting from efforts in integrating S&T in other 
school subjects using different types of integration and different integrating agents.
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1.3 Research Questions

From the previous sections, it can be derived that S&T teaching and learning in primary 
education is important but not easy. Internationally, a whole range of programs have 
addressed the improvement of S&T in primary education (Léna, 2006). However, still rel-
atively little time is spent on S&T in primary education and student performance in S&T 
has been in decline (Meelissen & Punter, 2016). 

Integration seems a promising means to address some of these problems. To study 
S&T integration in the context of primary education is therefore important. A clear defini-
tion of integration is, however, still lacking, which leads to conceptual confusion (Czerniak, 
2007; Rennie et al., 2012b). Unraveling the various types of integration will help S&T edu-
cators to compare each other’s findings and stimulate new research, curriculum design 
and instructional approaches (Czerniak, 2007; Pang & Good, 2000). A model that relates 
characteristics of integration to changes and needs for teachers and students could facil-
itate implementation and development of integrated curricula. 

Clearly, the role of teachers is vital when implementing integrated curricula. Under-
standing teachers’ conceptions towards S&T teaching and the possibilities they see for 
integrated curricula is vital for successful implementation efforts. The general strategy of 
this dissertation is that of constructing a model for curriculum integration that is built on 
theory and explored in classroom settings involving primary education teachers. 

How to enable the professional development of teachers in integrated S&T teaching 
is unclear (Honey et al., 2014). There is little research on what competences teachers 
need for successful implementation of integrated curricula and what constraints are put 
on teachers regarding their knowledge and teaching pedagogies (Czerniak, 2007; Kurt & 
Pehlivan, 2013). 

Based on the aim of this dissertation i.e., to create a better understanding of integrated 
curricula as a means for (non-specialist) primary education teachers to strengthen S&T three 
overarching research questions were formulated:
1. What conceptions with regard to implementing (integrated) S&T teaching do teachers 

report?
2. What types of (S&T) integration, and what input (demands, conditions, support, facil-

ities, etc.) and output (motivation, teaching time, achievement, etc.) accompanying 
these types of integration are reported in the literature, for both teachers and stu-
dents?

3. What input from teachers is needed when implementing specific types of integration 
using different integrating agents (e.g. relating to a question-centered agent and an 
experience-centered agent) in the classroom, and what outcomes emerge?
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1.3.1 Overview of this dissertation
This dissertation contains four empirical studies addressing the above-mentioned research 
questions. Chapter 2 contributes to answering the first research question of this disserta-
tion by investigating teachers’ conceptions of S&T learning and teaching. Understanding 
teachers’ conceptions regarding knowledge, teaching pedagogies and attitude towards 
(integrated) S&T was deemed important to determine viable possibilities in strengthening 
primary education S&T teaching. Learner reports of 139 teachers that were written in the 
context of a professional development program for S&T were analyzed to understand 
teachers’ conceptions towards S&T teaching. A categorization scheme emerged on the 
basis of the raw data. All learner reports were coded and the categories were illustrated 
with quotes. 

In chapter 3, a more theoretical understanding of what integration is and how it 
can be implemented was established by means of a literature review (research question 
2). Literature with empirical research findings on integrated curricula was categorized 
according to a taxonomy of integration types for the primary education context, and 
the input and output (hindrances and affordances) of implementing integrated curricula 
were described in such a way that the findings could guide informed decision-making 
processes undertaken by researchers, schools and teachers. Eight research projects, 
described in 25 (research) papers that met the selection criteria, were analyzed. A focus 
group of experts facilitated the analysis of existing studies and added to the preliminary 
conclusions. The findings contribute to resolving the conceptual confusion of how inte-
gration can be described and lead to a tentative model describing curricular integration. 
The model sheds light on the kinds of integration to be used in particular circumstances. 
The model also describes what input (demands, constraints, conditions, etc.) and output 
(motivation, teaching time, achievement) for both teachers and students are expected 
when implementing integrated curricula.

Chapters 4 and 5 describe two case studies, both situated in the primary education 
context where the author of this dissertation worked together with the teachers to develop 
integrated activities via a design-based approach. The studies primarily focus on answering 
research question 3 of this dissertation by exploring the implementation of integrated 
activities. The researcher was present in the classroom during the teaching of the inte-
grated S&T lessons in order to observe students’ constructive processes first-hand and to 
be able to explain the processes (Cobb & Steffe, 2010). From a theoretical point of view, 
these chapters explore and test the model developed in chapter 3 and provide insight into 
the integrating agent, the competences needed by teachers to implement integrated S&T 
lessons and on its outcomes for both students and teachers. Since the teacher plays a 
pivotal role in the implementation process, the first focus (chapter 4) was on the input that 
is required from the teachers. Chapter 5, then, focuses on both inputs (such as teacher 
constraints) and outcomes that can be associated with these implementations.
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The study in chapter 4 describes teacher experiences when implementing inter-
disciplinary integrated S&T/mathematics lessons in their classrooms by using a 
question-centered integrating agent. Four 6th grade teachers and their students partici-
pated in the design and implementation of the integrated S&T lessons. Audio and video 
recordings, classroom observations and teacher interviews were analyzed. The findings 
investigated the complexity of teaching integrated S&T lessons using the integrating agent 
of a question-based approach to inquiry. A focus in the analysis was on so-called critical 
incidents related to the implementation of the lessons. These critical incidents were ana-
lyzed to detect categories of demands or constraints put on teachers while implementing 
this integrated curriculum with S&T. 

The study in chapter 5 describes the implementation of interdisciplinary integrated 
S&T lessons by two teachers using a storyline approach, which can be regarded as an 
experience-centered integrating agent, in the context of integrating S&T, history and geog-
raphy. Observation data were collected in the classrooms, teachers were interviewed and 
student materials were collected. The findings provided insight into both constraints as 
well as outcomes for teachers and students of this way of implementing an integrated 
curriculum with S&T. 

Finally, chapter 6 describes the main findings and conclusions from the four stud-
ies. An updated model describing curricular integration based on both the literature 
review and the empirical explorations will be presented. The model will relate the level 
of integration, the integrating agent and expected input and output associated with the 
implementation. The overall implications will be discussed as well as the limitations of the 
studies and directions for future research.

Each chapter has been written as an independent article that has been or will be 
submitted to different journals. Therefore, some overlap in the theoretical background 
between these chapters exists. 
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Abstract

Since primary education is important in raising the interest of students in science and 
technology, teachers’ conceptions about science and technology teaching are vital for 
successful science and technology education. This chapter reports on the analysis of 
learner reports produced by 139 primary education teachers at the end of a professional 
development program. The reports were analyzed via De Groot’s framework of learning 
rules and learning exceptions. Many teachers reported surprises and eye-openers, that 
is, learning exceptions, about science and technology teaching. The main themes in their 
conceptions related to teaching pedagogies, attitude and integration. Teachers realized 
that using a student-centered teaching pedagogy that pays attention to investigating and 
problem solving might be a successful approach to science and technology teaching. 
Negative attitudes concerning science and technology teaching were countered by their 
recent experiences in actually teaching science and technology. Teachers reported on 
integration that they were surprised by how much science and technology was already 
integrated in their lessons without them being aware of it. Most especially, it was a surprise 
to them that many common real-life situations and problems could be approached from a 
science and technology perspective. Teachers also reported positive attitudes towards the 
possibility of integrating science and technology teaching within other primary education 
curriculum components. For strengthening science and technology in primary education 
the results are promising. Negative conceptions about science and technology proved, 
after some teaching experience with science and technology, unjust. The learner reports 
appeared to be a valuable tool to reveal biased attitudes and conceptions. Using real-life 
problems and questions in an integrated approach could help strengthen science and 
technology education. 
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2.1 Introduction

In today’s society, everyone needs a basic level of understanding of science and technology 
(S&T) (Osborne & Dillon, 2008; Rutherford & Ahlgren, 1994). Attitudes towards S&T are 
formed at an early age (Osborne & Dillon, 2008; Tai et al., 2006). Unfortunately, children’s 
attitudes towards S&T decline at the end of primary education (Kerr & Murphy, 2012; 
Murphy & Beggs, 2003; Pell & Jarvis, 2001). 

Teachers and the quality of teaching are important factors in influencing students’ 
attitudes towards S&T (Osborne, Simon, & Collins, 2003; Tytler & Osborne, 2012). However, 
most teachers in primary education are not S&T specialists and may have low abilities with 
respect to teaching S&T (Appleton, 2007). Primary education teachers have been found 
to be less confident about teaching S&T than about all other subjects they teach (e.g. 
Appleton, 2003; Harlen, Holroyd, & Byrne, 1995; Murphy, Neil, & Beggs, 2007). 

Limited subject matter knowledge, limited knowledge about science teaching ped-
agogies, inadequate problem-solving skills and low self-efficacy have been identified as 
reasons for why teachers avoid teaching S&T (e.g. Appleton, 2003, 2007; Harlen et al., 
1995; Murphy et al., 2007; Traianou, 2006). As a result, little time is spent on teaching 
S&T (Martin, Mullis, Foy, & Stanco, 2012). This problem occurs in many countries, but is 
relatively extreme in the Netherlands: 50% of teachers in upper primary education report 
spending less than one hour a month on S&T (Kneepkens et al., 2011). According to 
TIMSS 2011 (Trends in International Mathematics and Science Study) (Martin et al., 2012), 
the Netherlands is second to last in time devoted to S&T in the fourth grade. Only 4% of 
teaching time is spent on S&T (Inspectie van het Onderwijs, 2017). 

Primary education teachers in the Netherlands have little experience with S&T 
(Kneepkens et al., 2011) and have had limited professional development concerning S&T 
pedagogy (Martin et al., 2016). Half of the teachers think that they have too little expertise 
to adequately teach S&T (Kneepkens et al., 2011).

Teachers’ conceptions, the ideas they have in their minds about S&T need to be chal-
lenged so that teachers reconsider the assumptions they have towards science teaching 
and learning (Loughran, 2007). Appleton and Kindt (2002) found that teachers with a clear 
perception of S&T are more successful in teaching S&T. Van Driel et al. (2001) argued that 
educational reform efforts often fail because professional development does not take into 
account teachers’ existing knowledge and attitudes. Knowing teachers’ conceptions can 
help identify barriers to improvement. When trying to strengthen S&T teaching in primary 
education it is important to take into account teachers’ existing conceptions about S&T 
teaching pedagogies, knowledge and attitudes. Negative conceptions about S&T and S&T 
teaching could have a negative impact on S&T implementation in primary education (Dutch 
Inspectorate of Education, 2005). 
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To strengthen the role of S&T teaching in the Netherlands, a national program for teacher 
professional development in the field of S&T was conducted. This program intended to 
raise attention for S&T among schools and students (De Vries et al., 2011; Platform Bèta 
Techniek, 2009). S&T in primary education should focus on more than S&T knowledge 
alone; students should also develop a positive attitude towards S&T and S&T process skills. 
Therefore, the program promoted inquiry-based learning pedagogies to stimulate students’ 
S&T attitudes and skills. It was expected that when a teacher’s own content knowledge, 
skills and attitudes were stimulated “…he or she would also be in a position to provide 
more challenging, stimulating, inquiry-based instruction to his/her students.”(Walma van 
der Molen, De Lange, & Kok, 2009, p. 4). 

As part of this professionalization program, participating teachers were asked to write 
a learner report about their learning experiences during the professional development 
program. These learning experiences are a potentially valuable resource for determining 
what conceptions primary education teachers have about S&T, as well as what they per-
ceive as viable options to strengthen the role of S&T. 

One way to promote the teaching of S&T in primary education is integration with other 
subjects, such as language or mathematics. In past studies, teachers have indicated that 
curriculum integration could save time and that it allows for covering more learning goals in 
less time (Shriner et al., 2010). Keys (2003) reported that primary teachers use integration to 
compensate for a lack of competence and self-efficacy in S&T teaching. Also, teachers seem 
to prefer S&T activities that are part of an integrated, thematic approach (Appleton, 2002). 
Investigating non-S&T specialist primary education teachers’ conceptions about integrated 
S&T teaching could thus provide insights in how to strengthen primary S&T education.

2.1.1 Research context
Internationally, a whole range of programs have addressed the improvement of S&T in 
primary education (Léna, 2006). Reform efforts have, for example, focused on topics 
such as students’ questions, inquiry-based pedagogies, meaningful learning and design-
ing (National Research Council, 1996; National Science Foundation, 1997; Rocard et al., 
2007; Roth, 2001). In the Netherlands, an action plan tackling the shortage of technicians 
and engineers was launched in 2004 (Ministry of Education Culture and Science, 2004). 
As part of this plan, an in-service professional development program called Broadening 
Technology in Primary Education – Professional Development (VTB-pro) was targeted at 
primary education teachers and aimed at helping primary education teachers to acquire 
the necessary knowledge, skills, attitudes and pedagogy for teaching S&T. This program 
addressed many of the problematic aspects reported above: teachers’ subject matter 
knowledge, their attitudes towards S&T and teaching pedagogies on inquiry-based 
learning (Van Keulen & Walma van der Molen, 2009; Walma van der Molen, Van Aalder-
en-Smeets, & Asma, 2010).
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The basic assumption of the VTB-pro program was that primary education teachers need 
to strengthen their own content knowledge, skills and attitude in order to address S&T 
successfully in their classrooms (Walma van der Molen et al., 2009). The program focused 
on five systems of content knowledge: physical systems, living systems, earth and space 
systems, technological systems, and mathematical systems (Walma van der Molen et al., 
2009). VTB-pro also focused on skills that relate to the scientific method and engineering 
process such as: observing, classifying, hypothesizing, experimenting, analyzing, conclud-
ing, communicating, means-ends reasoning, form-function reasoning and designing. With 
respect to teachers’ attitudes, VTB-pro emphasized curiosity, creativity, perseverance and 
critical reflection since such attitudes are characteristic of the behavior S&T profession-
als need. In addition, the behavioral component of attitude the cognitive components of 
attitude (thoughts, opinions, and beliefs about S&T) and affective components of attitude 
(feelings and emotions) were considered important. The assumption was that attitudes 
influence the internal tendency towards engaging in the teaching of S&T. 

VTB-pro also aimed at developing pedagogical teaching skills needed for inquiry-based 
learning. Harlen and Léna (2011) described these as: 

[P]robing children’s ideas and skills by questioning, observing and listening […], ensuring 
children’s access to a range of sources […] relating to their science activities, modelling 
scientific attitudes […], encouraging […] the use of inquiry skills in testing ideas, engaging 
children regularly in group and whole-class discussions […], using information about 
on-going progress to adjust […]activities. (p. 11)

The effects of this program were evaluated nation-wide through an on-line self-report 
questionnaire, and 1,740 teachers (70% of participants) completed the questionnaire 
(Oberon, 2011). A limited increase in content knowledge and moderate effects on teachers’ 
attitudes, teaching pedagogies and skills were reported. In this survey, little attention was 
paid to teachers’ conceptions. Over the course of the professional development program, 
teachers also worked on a learner report. The teachers reported their learning experi-
ences during the training sessions and the follow-up exercises in their own classrooms. 
These learner reports, being of a qualitative nature, were not included in the national 
evaluation. Several institutions across the country were responsible for the professional 
development in their region. For the purpose of the present study, we obtained permission 
of the participating trainers in the southern part of the Netherlands to analyze 139 learner 
reports in order to investigate teachers’ conceptions about (integrated) S&T teaching. 

2.1.2 Learner reports
The learner report is a frequently used self-reporting tool in educational settings (Van 
Kesteren, 1993). In these reports, learners report their learning experiences and opinions 
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through an open format. This gives learners the opportunity to share the aspects of the 
learning experience and outcomes that, to them, were the most salient or relevant.

Van Kesteren (1993) performed a literature study on the use of learner reports and 
found that learner reports are typically used for four purposes: (1) to trace learning goals, 
(2) to evaluate educational situations such as courses, (3) for self-evaluation to help making 
changes to one’s teaching practice, and (4) for teachers as an instrument to help students 
learn. Several researchers since then have used learner reports for one or more of these 
purposes (Chang, 2007; Christiaans & Venselaar, 2005; Groenendijk, Janssen, Rijlaars-
dam, & Van den Bergh, 2013; Haanstra, 2003; Rijlaarsdam & Couzijn, 2002; Ten Dam & 
Rijkschroeff, 1996; Van der Molen, Klaver, & Duyx, 2004). 

Learner reports were introduced by De Groot in 1974 to evaluate learning objectives 
(De Groot, 1974a, 1974b). De Groot distinguished between what teachers or researchers 
explicitly want to know and test for (measured learner effects) and what learners report 
by themselves on what they learned (reported learner experiences). As for the latter, De 
Groot distinguished several categories of learning experiences. Two important categories 
he distinguished were rules and exceptions. The rules are about facts—things that are 
always true and common laws; in other words, these experiences are about discovering 
and using general rules. Two examples to illustrate: “I have learned that it is important to 
ask many questions to my students.” This is a learning rule on teaching pedagogies. The 
second example: “I have learned that I like S&T.” This is a learning rule about attitude. 

The second set of learning experiences De Groot mentioned are about surprises, 
eye-opening events and falsifications—the exceptions to rules. For example: “I have learned 
that technology is not all about machines, but also about everyday things.” This is a learning 
exception concerning S&T knowledge. “I have learned that I do not dislike S&T as much as 
I thought I did.” is a learning exception that illustrates an affective component of attitude. 
The exceptions “represent some striking exception to (an expectation based on) a precon-
ception” (De Groot, 1974b, p. 36). De Groot (1974a, 1974b) considered these the surprising 
learning experiences of particular interest when looking at someone’s learning process, 
since these indicate that a person consciously “realizes” their own change in conceptions. 

A Learner report, as proposed by De Groot, therefore always starts with a sentence 
like, “I have learned that…” or “I have learned how…” for the category rules, and “I have 
learned that it is not true that…” for the category exceptions. 
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2.1.3 Research questions
Our aim was to analyze learner reports to identify teachers’ learning experiences in 
order to detect their conceptions about (integrated) S&T teaching as a viable possibility 
to strengthen S&T education. Learner reports were analyzed for learning exceptions and 
learning rules concerning attitude, teaching pedagogies and integration.
This chapter addresses the following research questions: 
1. What learning exceptions concerning attitudes, teaching pedagogies and   

integrated S&T teaching are reported in learner reports? 
2. What learning rules concerning attitudes, teaching pedagogies and  integrated S&T 

teaching are reported in learner reports? 
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2.2 Data collection and data analysis

2.2.1 Data collection 
The 139 teachers (103 female; 36 male) whose learner reports were analyzed all partic-
ipated in the VTB-pro professional development program in the southern area of the 
Netherlands and received six half-day training sessions spread over the course of a year. 
Each training session involved both theoretical information as well as practical activities. 
Several characteristics were common among all training sessions.

One characteristic was that every training session centered on a theme with a real-life 
context of S&T. That theme would guide the choice of content and theory to be presented 
and discussed as well as the practical activities. Second, all meetings were designed to link 
theory and new information to the teacher’s own situation. The teachers were invited to 
talk about their classroom experiences and their own personal experiences. Third, every 
meeting contained two practical activities. These were developed in such a way that they 
were instructive and inspiring for the teachers and could be used in their classrooms. The 
activities used simple, everyday materials that teachers could easily obtain when doing the 
activities in their own classroom. A fourth characteristic was that care was taken to point 
out to teachers where S&T activities intersect with other school subjects, and hence such 
activities can also be used to reach learning goals on language, mathematics, history and 
geography. A fifth common characteristic of the meetings was that the trainer stimulated 
the exchange of experiences and discussion of opportunities and hindrances that the 
teachers experienced in their own classrooms. 

After each training session, teachers were asked to try the practical work in their class-
rooms and write down their experiences in a journal. The context, contents and results 
of the whole program are described in more detail in De Vries et al. (2011). At the end of 
the program, teachers were asked to write a learner report of one to two pages based 
on their memories and logs. The teachers were informed that the learner reports were 
anonymous and would be used for evaluating the professional development program. 
They were asked to report learning experiences, opportunities and valuable memories, 
concerning development in knowledge, teaching pedagogies and attitudes towards S&T 
in a learner report. There were no guiding questions and there was no specific format 
that had to be used.  

2.2.2 Data analysis
The process of data analysis consisted of three steps. In these steps a research team was 
involved: the author of this dissertation, the co-promoters and an experienced teacher 
educator from the Eindhoven School of Education. In step two, the author of this disser-
tation and the experienced teacher educator formed a coding team for the initial marking 
of quotes concerning learning experiences. 
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The first step in data analysis consisted of uploading all the learning reports in the 
software program Atlas.ti 6.0 (Friese, 2011) and reading all the reports several times to 
become familiar with the data. 

In a second step, quotations concerning learning experiences were marked in the 
learner reports by the coding team. Quotations concerning attitudes, teaching pedago-
gies and integrated S&T teaching were marked. Learning experiences concerning content 
knowledge were not the focus of our research question and were consequently not 
included. A distinction between learning exceptions and learning rules was made based on 
the De Groots’ (1974a, 1974b) work on learner reports. Due to De Groots’ special attention 
to learning exceptions, there were two training sessions where the coding team discussed 
salient quotations and tried to reach consensus. Subsequently, illustrative examples for 
learning exceptions were gathered and transformed into a codebook. This codebook was 
then used by the coding team to individually mark 10% of the available learner reports. 
The coding team was ultimately able to code the learning exceptions with a 100% consen-
sus. Occasionally, the coded quotes varied in length because one of the team members 
included more context than the other. However, since the theme of the quote was used 
as unit of analysis (Zhang & Wildemuth, 2009) a variation in length was not considered 
problematic. 

A third step consisted of creating sub-categories within the main categories of learning 
exceptions and learning rules. Based on the expectations from literature and the research 
questions, the general focus in the data analysis was first directed towards three major 
categories of learning experiences: (1) the teaching pedagogies concerning S&T teaching, 
(2) teachers’ attitudes, and (3) conceptions about integration. After this directed content 
analysis (Hsieh & Shannon, 2005; Y. Zhang & Wildemuth, 2009) in a process of constant 
comparison (Glaser & Strauss, 1967), a further distinction in categories and sub-categories 
was established. After each iteration, the research team critically examined the preliminary 
set of categories to ensure that these represented distinct categories. The use of Atlas.
ti facilitated this process, as the coded quotations in this program can be marked within 
the original text and thus in the original context. During coding, it was found that some 
quotations could belong to more than one category. In other words, the same segment 
of text could have more than one category attached to it. As a result, the total number 
of learning experiences in the sub-categories reported below is larger than the overall 
number of experiences. Five main categories for learning exceptions emerged from the 
data: teaching pedagogies, affective attitude, cognitive attitude, integration and students. 
All sub-categories of learning rules fit within the three categories found in literature: teach-
ing pedagogies, attitudes and integration. 

In the results section first the categories and sub-categories of learning exceptions 
are presented, secondly the (sub-)categories of learning rules are presented.
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2.3 Results

2.3.1 Learning exceptions
Table 1 shows the resulting category system with sub-categories. In the text below some 
quotations are used to clarify the categories. The appendix shows example quotes for 
every sub-category. 

Table 2.1 
Categories and sub-categories of learning exceptions with examples. All (sub-) categories can be read 
with the prefix: I’m surprised that…

(sub)Category  Freq.

Teaching pedagogies 67

The teacher role is different. 43

The lesson development is easier. 31

Affective attitude 57

Science and technology is not so difficult. 30

Science and technology is more fun than expected. 16

I do not have to be afraid to start doing science and technology. 11

The teacher does not need to know everything. 7

Integration 48

I already do science and technology in other domains. 26

Science and technology is already integrated in my lessons. 22

Cognitive attitude 53

Science and technology is all around us. 29

Science and technology encompasses more. 18

They know more about science and technology. 8

Students 28

Students are competent. 21

Students are enthusiastic 11

In the first category, all learning exceptions concerning teaching pedagogies were collected 
(67 in total). A large number of learning exceptions concerned the teacher’s role during 
S&T lessons (43). Teachers were often surprised that they should stimulate the students 
to come up with an answer instead of presenting the students with a fixed solution: 

“I learned that I do not have to think of a solution for each problem and that children 
themselves can go to work in a problem-solving-based approach.” 

Other teachers discovered that the process of investigating or designing itself is more 
important than the product or result of these processes. Another sub-category addressed 
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the teachers’ comments that developing a lesson in S&T was not as difficult as they thought 
it would be (31): 

“I have experienced how S&T is all around us. You can use many objects or situations 
that you encounter daily as a starting point for a lesson. In the beginning, I found it 
very difficult to think of a subject. Now I overflow with ideas. I was making it too difficult 
for myself. Now I see possibilities in everything, in very simple things.” 

The second category reported quotes on the affective attitude, the feelings and appreci-
ations teachers had towards S&T (57 in total). Thirty statements stated that teachers did 
not find S&T as difficult as they thought it would be: 

“It became apparent to me that S&T can appear in small and simple things. I used to 
think it was too complex.” 

Other statements (16) indicated that S&T is more fun than teachers anticipated: 

“At first I had no interest [in S&T]; however, through experiencing S&T, I found out that 
it is less complex than I thought. Furthermore, it is interesting and fun! It became clear 
to me that S&T is more fun and more valuable than I thought.” 

In the two remaining categories, teachers reported that S&T was not something to be 
afraid of (11) and that a teacher did not need to know everything (7). 

Integration was a third category. This category was about teachers who indicated that 
they were not aware that in their normal teaching practices, they already taught science 
or technology without knowing it. In 22 statements, integration was explicitly mentioned: 

“In hindsight, I realize over and over again that I was already integrating S&T within 
our community projects.”

Twenty-six statements did not use the word integration but described a situation in 
which integration is the relevant but implicit parameter: 

“I became aware that I already do S&T activities during lessons in other domains.” 

The fourth category was cognitive attitude (53 in total). The category contained teacher 
statements on how S&T was perceived. Teachers expressed that they did not realize that 
S&T was all around them (29): 
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“The first day was an eye-opener; we all picked up an artifact and answered some 
questions. I picked a corkscrew. I never had stopped to think about what it is made of, 
or which physical principle is used. For me, the corkscrew was nothing more than an 
artifact to open a bottle of wine. This day, I concluded that S&T happens all around 
us—you can see it, feel it. However, you’re not always conscious about it.” 

In other statements, teachers expressed that S&T encompassed more ideas and 
artifacts than they previously realized (18), and that they knew more about S&T than they 
thought (8).

The fifth and last category comprised learning exceptions about students (25 in total). This 
category emerged during data analysis because many teacher statements concerned stu-
dents and could not be categorized under the previous categories. In 21 statements, teachers 
indicated that students were more competent in S&T-related tasks than anticipated: 

“Time and time again, I was perplexed that students themselves provide appropri-
ate solutions, not only the boys but the girls as well. Therefore, I sometimes wrongly 
assessed the starting position of the children.” 

Eleven statements reflected that teachers were surprised by the enthusiasm the stu-
dents displayed. 

2.3.2 Learning rules
Within the three main categories (attitude, teaching pedagogies, and integration) several 
sub-categories of learning rules emerged (Table 2). Examples of quotations representing 
these learning rules are shown in the appendix.

For teaching pedagogies, 126 statements were found. The most frequently found learning 
experiences concerned a more student-centered approach. Fifty-one remarks addressed 
the importance of asking questions instead of giving answers: 

“The part about how to ask good questions when students are investigating, designing 
and problem-solving was very important to me. I noticed that during my lessons I was 
actively engaged with the process of asking good questions; it is an effective way to 
counsel and support the learning process.” 

The second sub-category was about inquiry-based learning (41). Teachers expressed the 
usefulness of this pedagogical approach in which learning was based on students’ own 
investigations and problem-solving activities. Statements concerning the organization of 
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lessons formed a third sub-category of learning experiences (18). Several teachers reported 
on what they learned concerning the planning of a lesson. For example, how should they 
start with a specific introduction, such as a story or a news item? Other teachers reported 
on how they learned to structure the middle part of a lesson by means of group work or 
specific forms of practical work. Some statements concerned the importance of a well-
planned lesson ending. Teachers’ statements on learning to create students’ commitment 
formed a fourth sub-category (11): 

“I learned that when you yourself are enthusiastic, the students adopt this attitude.” 

Finally, two small sub-categories were distinguished. In eight learning experiences, 
teachers reported on the value of having good and clear learning goals: 

”I have learned that it is very important to set a goal for the practical activity. I used to 
start an activity without having a clear learning goal in mind.” 

Seven statements were collected from teachers indicating the importance of the 
learning process, rather than the product the students work on.

Table 2.2 
Categories of learning rules with examples

(sub)Category Freq.

Teaching Pedagogies 126

To ask questions instead of giving answers 51

Inquiry-based learning 41

Organization of lessons 18

Create students’ commitment 11

Value of having good and clear learning goals 8

The importance of the learning process rather than the product 7

Attitude 90

Negative attitude towards science (teaching) before the start of the program but are 
now enjoying it more

38

Liking and enjoying science and technology more 34

Became curious or were challenged by science and technology 20

Integration 74

They actually taught integrated lessons. 22

They would like to integrate science and technology with other subjects in future 
endeavors.

21

They learned how to integrate science and technology into other subjects. 18

Recognize science and technology in other subjects. 8

Integrating science and technology in their daily lessons is not easy. 5
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With respect to attitude, three sub-categories were found. The first comprised teacher 
statements indicating that they had a negative attitude towards S&T (teaching) before the 
start of the program but were now enjoying it more (38): 

“S&T…? I don’t like that. It is a terrible subject for young children. I’m not skilled in 
technology; in secondary education, it didn’t have my interest, and therefore I have 
little knowledge. I’ve learned to think quite differently. S&T…? Yes, I can do this in kin-
dergarten.” 

A second sub-category (34) concerned teachers who did not explicitly state that they 
disliked S&T but mentioned that they were liking and enjoying S&T more as a result of 
the program. 

The third sub-category concerned teachers who became more curious or were chal-
lenged by S&T (20): 

“My personal attitude towards S&T became increasingly more positive. I used to have 
no interest in S&T whatsoever. Now I have positive feelings towards S&T and that’s why 
I’m much more inclined to look for information and solutions by myself. Something 
that was completely unthinkable before”. 

With respect to integration, 74 quotes were coded into five sub-categories. Eighteen teach-
ers reported that they learned how to integrate S&T into other subjects: 

”In the past, I only integrated S&T with handicraft lessons. In this course I experienced 
the possibilities to integrate it with other subjects. Especially math (ratio, fractions, etc.) 
is attractive for my future lessons.” 

Twenty-two descriptions were on how integrated lessons were actually taught: 

“I also learned that it is very useful to integrate S&T to other subjects. I have already 
done this with several lessons. More precisely, I used a design activity with math lesson 
number 28, talked about weather forecasts in addition to lesson 12 in my English 
textbook, and used an experiment in my writing lessons.” 

Another sub-category concerned teachers who would like to integrate S&T into other 
subjects in the future (21): 
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”As a result of the professional development, we had some deliberations in our team 
of teachers. We agree that S&T should not be a separate subject, but we will integrate 
it with other subjects.”

Eight quotes were on teachers expressing their newly learned ability to recognize S&T 
in other subjects. The last sub-category comprised five quotes from teachers stating that 
they found integrating S&T into their normal lessons to be difficult. 
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2.4 Conclusions and discussion

This study investigated learner reports in order to find ways of strengthening S&T teaching 
in primary education by focusing on conceptions of teachers that usually remain implicit. 
Two research questions were addressed: what learning exceptions concerning S&T were 
reported in teachers’ learner reports (Q1), and what learning rules were reported for atti-
tude, teaching pedagogies, and integration (Q2). For both the exceptions and the rules, 
teaching pedagogies were most reported, attitude was the second category, and integration 
was the third largest category of learning experiences in both the learning exceptions 
as the learning rules. Therefore, these three categories will be discussed below for both 
research questions at the same time. 

The first category “teaching pedagogies”, was mentioned the most by the teachers, both 
in the learning rules and learning exceptions. The main aspect teachers indicated was 
that they learned that it was more effective to ask good questions that trigger thinking 
processes in students than just to instruct and provide students with information and 
the answers that may not be understood and remembered in the long run. Consistent 
with this was that the teachers report that they learned about the pedagogy of inqui-
ry-based learning (National Science Foundation, 1997; Osborne & Dillon, 2008), since this 
pedagogy required teachers to initiate and maintain problem-solving behavior through 
scaffolding techniques, such as asking questions. About one-third of the teachers reported 
that they were surprised by the role a teacher has in S&T lessons. Teachers apparently 
discovered that teaching problem-solving and investigating does not require detailed 
instructions determining every action of the students. They realized that some kind of a 
student-centered approach is important to S&T teaching. This indicates that the conditions 
for strengthening S&T education that emphasize inquiry-based pedagogies to teaching 
may actually be better than previously thought. This is supported by the fact that many 
teachers indicated that developing S&T activities was easier than they thought.

The second category is “attitude toward S&T”. Both the affective and the cognitive dimen-
sions of attitude turned out to be positive. Many teachers reported learning exceptions, 
i.e. surprises, eye-openers, about S&T. Concerning the affective attitude, S&T appeared not 
as difficult as expected, it was more fun than they thought it would be and they realized 
they did not have to be afraid of S&T teaching. Teachers reported a growing interest and 
curiosity towards S&T. The cognitive aspect of attitude towards S&T indicated that teachers 
now realized that S&T encompassed more than they previously had thought and that S&T 
was everywhere around them without them being aware of it. Altogether, this indicates 
that teachers had incorrect conceptions about S&T and that teachers’ conceptions can 
be influenced via modest intensity professional development. 
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The third category was “integration”. Many teachers were surprised to discover that they 
were already integrating S&T in other lessons in their usual classroom practice. They 
recognized that many topics and ordinary life situations that come to the fore in other 
lessons and in day-to-day teaching practice have aspects that (also) pertain to science 
and technology. Others reported that they now saw the possibilities for integrating S&T 
with other subjects in the near future. Teachers apparently realized that integrating S&T 
in other school subjects is easier than previously thought, now that S&T was less alien 
than they had originally thought. The learning experiences described a change in teachers’ 
conceptions. The reluctance of primary teachers to teach S&T often relates to the (un)
availability of resources and their reliance on textbooks or readily available lesson plans 
(Appleton, 2007). The fact that teachers implicitly paid attention to S&T in other lessons, 
apparently without being hindered by this lack of resources or textbooks, that their resis-
tance diminished and that their attitudes became more positive indicates that integration 
indeed could be a promising means of strengthening S&T teaching in primary education. 
It should be noted, however, that five teachers commented that integration was difficult. 
Mapping the demands or constraints that are put on teachers when integrating S&T with 
other school subjects thus seems important. 

Overall, it can be concluded that many primary teachers reported surprises and eye-open-
ers, that is, learning exceptions, as a result of the professional development program. 
In line with De Groot (1974a, 1974b) it was found that exceptions were especially inter-
esting because they revealed several exceptions to pre-conceptions about S&T. Teachers’ 
conceptions about S&T proved to be too negative before the start of the professional 
development program. Of great importance is that many teachers were positively sur-
prised: S&T is not as difficult or otherworldly as they thought it would be. Teachers, for 
example, reported that lesson development was easier than they thought and that they 
already tried to achieve S&T learning goals when teaching other subjects, though without 
knowing this. Also, S&T encompassed more than they anticipated, and students were 
more competent than they had expected. Teachers also reported that S&T was not as 
difficult as they thought. Teachers discovered that their conceptions and attitudes about 
S&T and teaching S&T were unjustly negative. Since explicating tacit ideas correlated with 
the emergence of more positive conceptions about S&T teaching, this suggests that many 
teachers have more negative conceptions about S&T than is justified. After experiencing 
S&T (teaching) first-hand, these negative pre-conceptions were contradicted. 

The analysis of the learner reports proved valuable to creating a better understanding 
of primary education teachers’ attitudes towards and conceptions of (integrated) S&T 
teaching. The professional development program was a relatively short program, and it 
addressed quite a number of misconceptions of teachers, and did so quite effectively, 
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thereby creating opportunities to strengthen primary S&T education. A limitation of the 
study was that self-reported attitude changes do not necessarily change teaching behav-
ior (cf. Van Aalderen-Smeets, Walma van der Molen, & Asma, 2012). Data from other 
sources, such as from classroom observations, will be necessary to get further insight into 
classroom practices and teacher behavior. A second limitation is that the learner reports 
analyzed in this paper belong to teachers who participated voluntarily in a professional 
development program on S&T. It is likely that they already were more positively inclined 
towards the development of knowledge, skills and attitude than average teachers. A com-
parative study with groups of teachers that represent the average teacher could reveal a 
difference between these groups.

2.4.1 Implications for strengthening S&T in primary education
The learner reports revealed eye-opening learning exceptions about S&T. Teachers were 
even more positive than they anticipated. This indicates that there are ample opportu-
nities to strengthen S&T in primary education. Based on this study, several implications 
for strengthening S&T in primary education could be formulated. It appears that when 
teachers actually tried out S&T activities in their classroom, they got a more realistic view 
of teaching S&T and became enthusiastic about S&T. Perceiving students’ enthusiasm and 
abilities in S&T activities seemed to influence teachers’ attitudes towards S&T. Jackson and 
Ash (2012) found a similar relationship. They reported that delivering inquiry-based S&T 
lessons increased both teacher and student enjoyment. Teachers found that when imple-
menting S&T activities with an inquiry-based pedagogy, the students proved to be more 
competent in problem-solving and experimenting than the teachers had thought. Teach-
ers realized that this pedagogy offers more than expected. Where Supovitz and Turner 
(2000) suggest intensive and sustained professional development with a focus on subject 
matter knowledge and content skills as critical components for professional development, 
the data in this chapter suggest that with a relatively short investment of time, important 
misconceptions about S&T teaching could be changed in primary education teachers. 
These changed conceptions open the door for strengthening S&T in primary education. 

Our preliminary findings also suggest that student and teacher attitudes are intertwined 
and moderated by embedding inquiry and problem-solving pedagogies into lesson activ-
ities. By implementing S&T activities in the lessons, both students and teachers become 
more curious and engaged. The teachers experienced the impact of a question-based 
approach compared to an instruction-based approach on higher-order thinking of their 
students. Concurrently, teachers were both proud of and surprised by the abilities, learn-
ing results and enthusiasm of the students. 

Another implication is that integrating S&T in other school subjects seems to be a 
good possibility for strengthening primary S&T education. Teachers realized that S&T can 
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be integrated in existing school subjects more easily than they thought. The ordinary life 
examples that were preferentially chosen to illustrate S&T activities in the professional 
development (Slangen & Fanchamps, 2008) could have triggered the awareness that S&T 
is everywhere around us, also in the classroom and in activities normally not labeled as 
S&T activities. The teachers realized that S&T encompassed much more than they had 
anticipated. The fact that they could use simple materials for student experiments and 
designs to teach students about everyday phenomena led to a more open and positive 
attitude of teachers. The thematic approach with a real-life context in the training ses-
sions and the attention that was paid to the relations of S&T with other school subjects 
possibly opened the teachers’ eyes to integrative approaches. Teachers learned that using 
clear learning goals from more than one school subject contributes to making a success 
of integrated activities. Introducing integrated S&T activities in primary education could 
provide teachers with a more realistic, positive, picture of S&T teaching and thereby help 
to strengthen the position of S&T in primary education.

When implementing S&T in an integrated manner, it seems relevant to present S&T in 
real-life contexts to facilitate development of teachers’ attitudes towards S&T. Another 
important aspect for strengthening S&T in primary education seems to be the use of 
everyday materials, phenomena and problems for designing and experimenting. Explicitly 
paying attention to the integration of learning goals from S&T with other school subjects 
also seems an important factor when trying to strengthen S&T in primary education.

An explicit focus on integration of S&T with other school subjects seems to be an effective 
strategy to increase S&T teaching. Teachers express that they see ample opportunities 
as well as the desire to integrate S&T instead of teaching it in a mono-disciplinary way. 
Bradbury (2013) indicates that teachers and teacher educators will need to work together 
to develop a robust understanding of integration. 

A more general and methodological implication is that the analysis of learner reports 
revealed effects of professional development that remained hidden when only quantita-
tive information, such as from questionnaires with Likert scales (Oberon, 2011), is used. 
To facilitate the strengthening of S&T in primary education, the present study used the 
learner reports as a tool to uncover teachers’ conceptions. When analyzing reported 
exceptions, it was found that teachers discovered that their conceptions about S&T and 
teaching S&T were often based on incorrect presumptions. This study showed that the 
information derived from learner reports provided useful insights for S&T innovation at 
the primary education level. 

Monitoring changes in teacher conceptions about S&T and S&T teaching is important 
when implementing S&T in primary education (Morrison, 2012). The analysis of learner 
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reports provides opportunities for researchers and trainers to uncover what motivates 
teachers to change their teaching. Monitoring teachers’ conceptions is not only import-
ant for S&T development in primary education, but may also be relevant to professional 
development in general (Van Driel et al., 2001). To use learner reports in this manner 
could also be useful in the contexts of teacher education and professional development 
in other domains.

Van Kesteren (1993) reported that learner reports are used for four purposes: a) to 
trace students’ learning goals, b) to evaluate educational situations such as courses, c) 
by teachers for making decisions about one’s teaching pedagogies, and d) by teachers 
as an instrument to help students learn. Registering the adjustment of misconceptions 
could be a fifth purpose for the use of learner reports when implementing innovative 
educational approaches. 
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Appendix 2.1 
Categories and sub-categories of learning exceptions with examples. All (sub-)categories can be read with 
the prefix: I’m surprised that…

(sub-)Category Freq. Quotation

Teaching 
pedagogies

67

The teacher 
role is 
different.

43 “I learned that I do not have to think of a solution for each problem 
and that children themselves can go to work in a problem-solving-
based approach.”
“I found that for children the learning process can be more 
important than the end result. … Children are often product-
oriented because of our educational system. In science and 
technology, the process of inquiry is more important.”

The lesson 
development 
is easier.

31 “I have experienced how science and technology is all around us. 
You can use many objects or situations that you encounter daily as 
a starting point for a lesson. In the beginning, I found it very difficult 
to think of a subject. Now I overflow with ideas. I was making it 
too difficult for myself. Now I see possibilities in everything, in very 
simple things.”

Affective 
attitude

57

Science and 
technology 
is not so 
difficult.

30 “It became apparent to me that science and technology can appear 
in small and simple things. I used to think it was too complex.”
 “Science and technology is not as complex as we think. Everybody 
can teach and do science and technology in his own way.”

Science and 
technology is 
more fun than 
expected.

16  “At first I had no interest [in science and technology]; however, 
through experiencing science and technology, I found out that it is 
less complex than I thought. Furthermore, it is interesting and fun! 
It became clear to me that science and technology is more fun and 
more valuable than I thought.” 

I do not have 
to be afraid 
to start doing 
science and 
technology.

11  “Personally, I’m not a big fan of science and technology. I did, 
however, notice that it is easy to start it. Due to experiences of 
success, I became more enthusiastic, and my attitude towards 
science and technology changed. I now realize that children really 
love science and technology.”

The teacher 
does not 
need to know 
everything.

7 “I was surprised that it is not necessary to know everything about a 
specific topic in order to get to work with children. Many times the 
children present solutions by themselves. Children accept the fact 
that not everything is easily explained; they want to find their own 
answers.” 

Integration 48

I already do 
science and 
technology 
in other 
domains.

26 “I did not know that we were doing so much so often with science 
and technology.”
 “I became aware that I already do science and technology activities 
during lessons in other domains.” 

Science and 
technology 
is already 
integrated in 
my lessons.

22 “In hindsight, I realize over and over again that I was already 
integrating science and technology within our community projects.”
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Appendix 2.1 
Continued

(sub-)Category Freq. Quotation

Cognitive 
attitude

53

Science and 
technology is 
all around us.

29 “The first day was an eye-opener; we all picked up an artifact 
and answered some questions. I picked a corkscrew. I never 
had stopped to think about what it is made of, or which physical 
principle is used. For me, the corkscrew was nothing more than an 
artifact to open a bottle of wine. This day, I concluded that science 
and technology happens all around us—you can see it, feel it. 
However, you’re not always conscious about it.”  

Science and 
technology 
encompasses 
more.

18 “Technology is more than I first realized. I used to think that 
technology always has to do with engines, electricity, and more 
complicated things.” 

They know 
more about 
science and 
technology.

8 “What I was most surprised of was that I had latent knowledge 
of science and technology that I learned in secondary education. 
I have little affinity for science and technology and thought that 
I knew very little about it. However, of all the topics in all the 
meetings, whether it was magnetism, sound, the weather, floating, 
I continually found that my basic level of knowledge was adequate.” 

Students 28

Students are 
competent.

21 “Time and time again, I was perplexed that students themselves 
provide appropriate solutions, not only the boys but the girls as 
well. Therefore, I sometimes wrongly assessed the starting position 
of the children.” 
“As a result of this course, I used a teaching approach in which I 
use questions to address issues that I would normally not raise. It 
did not only raise the students’ curiosity but also pushed my own 
boundaries. This was a very nice experience, and I was surprised 
by the reasoning, solutions, answers questions, and above all, the 
enthusiasm of the kids.”

Students are 
enthusiastic.

11 “What strikes me was the enthusiasm of the students. They went 
about without any reluctance and needed less correction of their 
behavior than in other lessons.”
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Appendix 2.2 
Categories of learning rules with examples

(sub)Category Freq. Quotation  

Teaching 
Pedagogies

126

To ask 
questions 
instead 
of giving 
answers

51 “The part about how to ask good questions when students are 
investigating, designing, and problem solving was very important to 
me. I noticed that during my lessons I was actively engaged with the 
process of asking good questions; it is an effective way to counsel 
and support the learning process.”
“If you want to stimulate students’ deep learning and problem-
solving skills, it is imperative to ask the right questions. I used to plan 
and structure everything for my students. I learned that it is very 
important to let students start by themselves and that I can guide 
them by asking the right question during that process. I became 
much more skilled in this method of teaching. Now I ask questions 
as a scaffolding process that helps students along without explicitly 
prompting the correct solution.”

Inquiry-based 
learning

41 ”I came to the conclusion that science and technology teaches the 
students to design, investigate and discover. The students engage 
materials, ask questions, evaluate, investigate, etc. Science and 
technology fits in with the students’ natural curiosity, creativity, 
and problem-solving abilities. Furthermore, I feel that science and 
technology is a wonderful vehicle that can help elucidate other 
subjects.” 
“Before the professional development program, I was under the 
impression that science and technology education was all about 
practical work with a clear and cut-out manual. Now I use everyday 
materials, and students use investigative and problem-solving 
approaches in learning with these materials.”

Organization 
of lessons

18 “In science and technology lessons, it is important to reserve time 
to reflect upon the lesson. The students can tell each other their 
approaches and solutions as well as ask each other questions.” 

Create 
students’ 
commitment

11  “I learned that when you yourself are enthusiastic, the students 
adopt this attitude.” 

Value of 
having good 
and clear 
learning goals

8 ”I have learned that it is very important to set a goal for the practical 
activity. I used to start an activity without having a clear learning goal 
in mind.”

The 
importance 
of the 
learning 
process 
rather than 
the product

7 ”Before the professional development, it was customary in our 
school to focus on the result, the end product. There was very 
limited attention for how. How do the students come to their results? 
With the increasing importance of children’s reasoning skills, science 
and technology is a perfect subject to practice these skills. What 
happened, when …? Why did you do it in this manner …? How do you 
explain …?”
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Appendix 2.2 
Continued

(sub)Category Freq. Quotation  

Attitude 90

Negative 
attitude 
towards 
science 
(teaching) 
before the 
start of the 
program 
but are now 
enjoying it 
more

38  “Science and technology…? I don’t like that. It is a terrible subject for 
young children. I’m not skilled in technology; in secondary education, 
it didn’t have my interest, and therefore I have little knowledge. I’ve 
learned to think quite differently. Science and technology…? Yes, I 
can do this in kindergarten.”

Liking and 
enjoying 
science and 
technology 
more

34  “My personal attitude towards science and technology became 
increasingly more positive. I used to have no interest in science 
and technology whatsoever. Now I have positive feelings towards 
science and technology, and that’s why I’m much more inclined to 
look for information and solutions by myself—something that was 
completely unthinkable before.”

Became 
curious 
or were 
challenged by 
science and 
technology

20  “My personal attitude towards science and technology became 
increasingly more positive. I used to have no interest in science and 
technology whatsoever. Now I have positive feelings towards science 
and technology and that’s why I’m much more inclined to look for 
information and solutions by myself. Something that was completely 
unthinkable before”.

Integration 74

They actually 
taught 
integrated 
lessons.

22 “I also learned that it is very useful to integrate science and 
technology to other subjects. I have already done this with several 
lessons. More precisely, I used a design activity with math lesson 
number 28, talked about weather forecasts in addition to lesson 12 in 
my English textbook, and used an experiment in my writing lessons.”

They would 
like to 
integrate 
science and 
technology 
with other 
subjects 
in future 
endeavors.

21 “As a result of the professional development, we had some 
deliberations in our team of teachers. We agree that science and 
technology should not be a separate subject, but we will integrate it 
with other subjects.” 

The learned 
how to 
integrate 
science and 
technology 
into other 
subjects.

18 “In the past, I only integrated science and technology with handicraft 
lessons. In this course I experience the possibilities to integrate it with 
other subjects. Especially math (ratio, fractions, etc.) is attractive for 
my future lessons.”
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Appendix 2.2 
Continued

(sub)Category Freq. Quotation  

Integration 74

Recognize 
science and 
technology 
in other 
subjects.

8 “My big learning experience is that science and technology is present 
in all subjects, from language to math and geography. The challenge 
is to notice and use it.”

Integrating 
science and 
technology 
in their daily 
lessons is not 
easy.

5 “On several occasions I tried to integrate science and technology with 
our language textbooks and in the social science lessons. I succeeded 
partially. It takes some time before I know which topics to integrate 
and how this can be done successfully. There is no other choice; the 
curriculum is already overloaded while there is a constant push for 
new socially relevant curriculum additions.”



3
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Abstract 

Creating integrated curricula seems a promising tool to strengthen science and tech-
nology in primary education. A clear picture of the advantages and disadvantages of 
integration efforts could help stimulate integrated S&T curricula. The present contribu-
tion reviewed studies on integrated curricula in primary education between 1994 and 
2011. The integrated curricula were categorized according to a taxonomy of integration 
types synthesized from the literature and consisting of different levels of integration. 
Integration levels of the curricula were related to output (learning outcomes of students 
and teachers) and input (success/fail factors). A focus group facilitated the process of 
analysis and tested tentative conclusions. We concluded that the levels in our taxonomy 
were linked to output: the higher the level of integration, the higher student knowledge 
and skills, the more enthusiasm was generated among students and teachers, and the 
more teacher commitment that was generated. The levels were also related to input 
(success/fail factors): the higher the level of integration, the more teacher commitment is 
needed, the longer the duration of the innovation effort needed, the higher the volume 
and comprehensiveness of required teacher professional development, the higher the 
amount of needed teacher support, and the more effort needed to overcome tensions 
with standard curricula. Almost all curricula were effective in increasing the time spent 
on science and technology at school. The developed model will help to clarify conceptual 
confusion issues concerning integrating curricula in a productive manner and it will form a 
practical basis for decision-making by making clear what input is needed and what output 
can be expected when plans are being formulated to implement integrated education.
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3.1 Introduction

Our society is filled with science and technology, and everyone needs at least a basic 
level of understanding of it (Osborne & Dillon, 2008). Many people work in jobs related 
to science and technology, and a sufficient workforce with suitable schooling in these 
subjects is needed. Therefore, society needs to foster a positive student attitude toward 
science and technology (OECD, 2007; Rocard et al., 2007). But students’ attitudes towards 
science and technology appear to be poor in many cases (for an overview see Osborne 
et al., 2003; Tytler & Osborne, 2012).

Attitudes toward science and technology are formed before the age of 14 (Osborne 
& Dillon, 2008) and during primary education (Turner & Ireson, 2010), a decline of inter-
est and positive attitudes is already visible (Murphy & Beggs, 2005). Often, very limited 
attention is paid to science and technology in primary education in terms of lesson and 
learning time (e.g. Martin et al., 2012). Also, the teaching often does not effectively address 
students’ attitudes towards science (Turner & Ireson, 2010).

Globally, various programs have been initiated to increase attention on science and 
technology education in primary education (Léna, 2006). A key problem that hinders the 
implementation of more appealing science instruction in primary schools is the issue 
of the often overloaded curriculum (Dutch Inspectorate of Education, 2005; Murphy & 
Beggs, 2005). Another major problem is that primary teachers often avoid teaching science 
(Appleton, 2007). Factors related to this avoidance include limited subject knowledge, 
limited pedagogical content knowledge, inadequate understanding of problem-solving 
skills, and low self-efficacy (e.g. Appleton, 2007; Traianou, 2006). Van Aalderen-Smeets et 
al. (2012) found that teachers with a less positive attitude towards science spend less time 
on teaching it and have lower confidence, they use more traditional, teacher centered, 
approaches to teaching and are less able to foster positive attitudes in their students.

At the same time, Appleton (2002) found that teachers see science activities as more 
appealing when these are part of an integrated, thematic approach with a perspective 
that encompasses more than just science. A similar finding could be inferred from the 
study presented in chapter 2 of this dissertation. An integrated approach in which time is 
shared with other school subjects such as reading or calculus would also increase the time 
effectively available for science and technology in primary school and draw more atten-
tion to the school subject. Moreover, there are indications that integration may improve 
learning outcomes in both of the combined school subjects (Vars, 1996). Our endeavor 
in this paper is to provide a systematic overview of the possibilities, typology, merits and 
difficulties of implementing integrated curricula in primary schools in order to stimulate 
science and technology.
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Integrated curricula are not new. Especially in middle and high school settings, there 
is a considerable amount of literature on integration (e.g. Beane, 1997; Czerniak, 2007; 
Drake, 2007; Rennie et al., 2012b; Venville, Wallace, Rennie, & Malone, 2002). Primary edu-
cation, however, has its own unique characteristics. Unlike secondary education teachers, 
primary education teachers are usually generalists and teach all school subjects including 
literacy, mathematics, social studies, and science (Appleton, 2007). Being a generalist with 
no specific tertiary education in science influences teachers’ development and practice 
(Mulholland & Wallace, 2005).

Hence, we carried out a review focusing on recent empirical work on the integration 
of science and technology in primary school curricula, aiming to describe possible ways 
to proceed, as well as to describe the input and output (hindrances and affordances) in 
the quest to increase attention on science and technology in primary school. To assure 
the ecological validity and practicality of the results, we used a focus group involving 
researchers and teacher educators.

Some remarks need to be made on terminology and the educational domain we focus 
on. The term Science & Technology (S&T) is used to as the terminology to refer to science, 
technology, and science and technology. Not all countries have the same traditions in 
teaching S&T. England and the USA teach science and technology (engineering) as sep-
arate school subjects. In other countries, such as the Netherlands and France, science 
and technology belong to the same domain in primary education (Rohaan & Van Keulen, 
2011). There also are differences in curriculum standards and in the learning goals of 
science, technology, or science and technology. Although we recognize these differences 
(cf. Lewis, 2006), we assume they are of minor interest with respect to contributing to 
positive attitudes towards S&T at an early age through integrated curricula. Hence, we 
include in our review all studies focusing on integrated science, integrated technology, or 
integrated science and technology. In addition, the transition from primary (or elementary) 
education to secondary education does not take place at the same age in all countries. 
In most countries primary education ends at age 12 (or before), and we have therefore 
focused on studies that concern students up to 12 years old.
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3.2 Theoretical framework

The curricular integration of school subjects such as S&T has been a subject of research 
since roughly 1942, when Aiken (1942) published his so-called “eight-year study”, an exten-
sive research project on curricular integration. Since then, many scholars have written on 
integration, although the term curriculum integration was not always explicitly used. Wraga 
(1996) described various integration projects in a chronological overview. He reported 
on studies that used key words such as general education, core curriculum, block time and 
interdisciplinary. A key review was conducted by Vars (1996). His main conclusion was that 
curricular integration generally had moderate to positive effects on students’ learning 
results. He could not, however, review enough research to form conclusive evidence. 
Vars and Beane (2000), Drake (2000) and Hinde (2005) reached a similar conclusion: 
they hinted at benefits but indicated that there were still too few research reports on 
integration’s efficiency and effectiveness. Drake (1998, 2000) was mildly positive about 
the effects of integrated curricula, although she also struggled with the limited number 
of suitable empirical reports. She concluded that the integrated curricula led to increased 
learning, boosted motivation in teachers and students, a better understanding of S&T 
concepts and the increased use of higher-order thinking skills. George (1996) was more 
critical and called for caution when considering integrated curricula, finding no certainty 
for such claims.

Review studies focusing on integrated S&T education have also struggled with a small 
number of empirical studies, much in line with the general picture. An early review by 
Haggis and Adey (1979) collected data on 130 courses and projects identifying trends 
in integrated S&T education. Czerniak, Weber, Sandmann, and Ahern (1999) called for 
more research to verify the widely claimed benefits of integration of mathematics with 
S&T and for research results that could be used to inform school-based practice. Gavelek, 
Raphael, Biondo, and Wang (1999) looked at integrated S&T and literacy instruction but 
were surprised by the small number of “data-driven” research reports. For integrated 
S&T and mathematics curricula, Hurley (2001) quantified student results from 31 studies, 
mostly at the high school level. This meta-analysis reported small to medium effect sizes 
for S&T and mathematics achievement. In order to help synthesize the various findings, 
Czerniak and colleagues advised constructing a coherent and concise definition of curric-
ulum integration (Czerniak et al., 1999).

Findings with respect to cognitive learning outcomes of integrated curricula appear to 
have drawn upon the results of standardized achievement tests that focus on knowledge. 
Empirical evidence on other learning effects such as skills development could, there-
fore, hardly be included in the reviews currently available. Still, there is a growing call 
from researchers (Orpwood, 2007) and teachers (Levitt, 2002) for teaching and assessing 
higher-order, cognitive skills development, often described as 21st-century skills (cf. Dede, 
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2010), and skills and knowledge related to situational issues and practical problems. In 
establishing student learning effects resulting from integrated curricula, it is therefore 
important to pay attention to more than the results on standardized tests (Rennie, Ven-
ville, & Wallace, 2010).

This measurement issue concerning the effectiveness of integrated curricula coincides 
with the problem of defining what the term integration means (Rennie et al., 2012b). Czer-
niak (2007) articulated the problem further: “At the fundamental level, a common definition 
of integration does not seem to exist that can be used as a basis for designing, carrying 
out, and interpreting results of research”(p. 542).

In the literature on integration that has a broader scope than primary S&T, several 
approaches to integration that are helpful in constructing a framework that can guide our 
review have been described and distinguished (Beane, 1997; Drake, 2007; Fogarty, 1991; 
Haggis & Adey, 1979; Harden, 2000; Hurley, 2001; Venville et al., 1998). 

The idea of distinguishing types of integration has been subject to significant debate. 
For Beane, only curriculum planning that “is done without regard for school subject-area 
lines” (Beane, 1997, p. 10) could be labeled as integration. In his view, integration was 
always organized around problems in the real world that involve the application of 
knowledge. To him, the point was to focus on the problem at hand and not on covering 
standardized school subject matter. In contrast, Venville and colleagues (e.g. Venville et 
al., 2002) pointed at the continuum between various approaches. They stressed that no 
single approach was a more authentic type of curriculum integration than another. A too 
narrow conceptual definition of integration could hinder progress by excluding potentially 
powerful approaches. 

In constructing our framework, we have attempted to synthesize various taxono-
mies. In various studies since 1998, Venville, Rennie, Wallace and Malone (e.g. Venville 
et al., 1998; Venville, Wallace, Rennie, & Malone, 1999) have referred to the different 
types of integration they encountered by using six terms that teachers themselves use: 
synchronized, thematic, project-based, cross-disciplinary, school-specialized and commu-
nity-focused. These different types of integration differ in terms of whether school subjects 
are taught separately versus together (Rennie, Venville, & Wallace, 2012a). For example, 
thematic and project-based approaches reflect on how the curriculum is structured and 
on how the relationship between the school subjects is realized. A synchronized approach 
to integration means that only some overlapping content from the school subjects is 
taught in an integrated manner. However, school-specialized and community-focused 
approaches to integration are much more extensive and involve the whole school curric-
ulum or even local community problems.

Types of integration are frequently described as levels in a hierarchy. In their review, 
Haggis and Adey (1979) focused on integrating various S&T disciplines, for example biology 
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with physics, and they distinguished three levels that refer to the intensity of integration: 
coordinated, combined and amalgamated. In their approach to integration, the bound-
aries between the S&T gradually disappear, just as the word amalgamated suggests. In a 
coordinated curriculum, bits of the original science subjects are woven together to one 
new curriculum. In a combined curriculum, the seams between the sciences disappear 
but there is still the idea of the separate school subjects. In the amalgamated curriculum 
the integration is most intense and is based on real-life problems that occur in one of the 
underlying sciences.  

By means of “constant, comparative analysis of the qualitative data”, Hurley (2001, p. 
263) identified five levels of integration: sequenced, parallel, partial, enhanced and total, 
by looking at the integration of S&T with mathematics and drawing primarily on data from 
secondary education. In sequenced integration, the teaching of S&T and mathematics is 
planned sequentially. Parallel integration involves the simultaneous teaching of the school 
subjects through parallel concepts. When the disciplines are taught both separately and 
together, Hurley spoke of partial integration. Enhanced integration means that either S&T 
or mathematics is the dominant school subject of the lessons. The most encompassing 
level of integration Hurley identified is total integration in which both school subjects are 
taught together and in balance. 

For our review, we required a framework that did justice to the S&T integration in primary 
school, and we required classification criteria that could be decided upon in retrospect 
on the basis of analyzing materials and reports. 

Therefore, a typology that draws on the categorization of teachers (Venville et al., 
1998), although inspirational, cannot be directly applied by scholars unacquainted with 
the corresponding teaching practice nor can typologies that focus on integrating sub-dis-
ciplines within S&T (Haggis & Adey, 1979) because in primary school the challenge is to 
integrate S&T with non-science school subjects. In addition, Hurley’s classification is not 
applicable because it draws on the presence of distinct subject matter teachers, which is 
atypical for primary education. 

On the other hand, the typologies of Venville, Rennie and colleagues (1998), Haggis 
and Adey (1979), and Hurley (2001) all share the idea of characterizing an integrated 
approach in terms of “dissolving the boundaries between the school subjects” and the 
“extent to which the school subjects remain (in)distinguishable”. In line with this, we have 
based our framework on the complexity of the integration, that is, on whether particular 
curricular components (e.g., learning goals, materials, and exercises) are shared over the 
school subject. 

Figure 3.1 illustrates a common visualization of integration levels. We have defined 
the steps as complexity steps, employing commonly used names that these levels of 
complexity (for criteria, see Tables 3.1 and 3.2). In this context, complexity means that 
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more elements of teaching are shared between school subjects, for example, goals, lesson 
tables, exercises, explanations, tests and grades. Hence, the higher levels of integration 
are more comprehensive. This characterization draws on formal characteristics and in 
independent specific characteristics such as the domains integrated. 

It is important to note that, although the metaphor of a staircase (or ladder) may sug-
gest that the top is the “best” approach to integration, the ordering in the ladder comes 
from the number of aspects shared and is purely descriptive. The interpretation that more 
comprehensive levels of integration are better by definition is not warranted by research. 
Venville and colleagues stated that they “could not say that some were better, merely that 
they were different” (2002, p. 50).

Another association that the complexity staircase may carry is that it represents stages 
of the development towards an integrated curriculum. Several scholars refer to long and 
difficult processes to develop an integrated curriculum that functions well in school (Chin 
& Brown, 2000; Drake, 2000, 2007; Fogarty, 2009; Hackling & Prain, 2008; Hurd, 1998). 
Burns (1995) called this the evolution from traditional to fully integrated curricula. Even 
though less complex levels of integration may serve as pilot or pioneer projects, we regard 
the choice of any level of integration as a pragmatic decision to be based upon available 
resources and the specific learning goals to be achieved. It is our aim to contribute to 
informed decision-making with a thorough and conceptually coherent review.

Fragmented/
Cellular/ 
Isolated

Connected/ 
Aware

Trans-
disciplinary

Inter-
disciplinary

Multi-
disciplinary

Nested/
Fused

Figure 3.1: Different levels to integration as a hierarchy on a complexity staircase (composed on the 
basis of: Burns, 1995; Drake, 2007; Fogarty, 1991; Harden, 2000; Jacobs, 1989; Van Boxtel, 2009).
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The levels of integrated curricula that are indicated in Figure 3.1 are defined in Table 
3.1. Researchers sometimes use a different name for the same level of complexity of 
integration or they use the same name for different levels of complexity. We mention the 
various names used in the literature, while our choice is identified in this section by the 
use of italics. In a fragmented (Fogarty, 1991), cellular (Fogarty, 2009), or isolated (Harden, 
2000) curriculum, all disciplines or school subjects are taught separately. The school 
subjects have their own place on the lesson table, and in the time allotted, the goals 
of that specific discipline should be met. The next step is the connected (Fogarty, 1991, 
2009) approach. Here, the teacher tells the students what the connection is between, for 
example, yesterday’s mathematics lesson and today’s S&T lesson. Making connections is 
a teaching activity, not a responsibility of the students. It is the teacher who consciously 
directs the students to the overlap and connection between the school subjects. The 
goals are still attained in the time scheduled for the various separate school subjects. 
Exercises and tests are subject-specific. The intermediate approach to integration is 
called nesting (Fogarty, 1991, 2009) and fusion (Drake, 2007). In this approach to inte-
gration, the goals for one school subject are completely nested within the teaching of 
another school subject. For example, language acquisition can be fused with history 
lessons through reading (and thus learning) about history during language lessons. In a 
similar way, mathematics can be nested by explaining mathematical formulas within the 
context of S&T lessons. The school subjects are graded separately but share exercises 
and time in the lesson table. 

The next step is multidisciplinary (Drake, 2007; Harden, 2000). In this approach to inte-
gration, two or more school subject areas are part of the same theme, a real-life problem 
or a project. The individual school subjects have their own goals and tests, but the content 
and the context of the teaching are matched to meet the demands of both disciplines.

In more comprehensive approaches to integration, such as interdisciplinary (Drake, 
2007; Harden, 2000) and transdisciplinary integration (Burns, 1995; Drake, 2007; Harden, 
2000), any reference to individual school subject areas has disappeared, and the learning 
goals are defined in terms of cross-disciplines. Exercises, explanations and time on the 
lesson table are shared between the subjects. The skills and concepts that are related 
to the themes transcend school subject-specific skills and knowledge. Transdisciplinary 
teaching is characterized by a student-centered, real-world context, whereas interdisci-
plinary curricula use teacher-developed themes or projects as a starting point. 

A clear conceptual understanding of what integration is, how it is designed and carried 
out, and what results are to be expected, is helpful in making an informed decision about 
curriculum reform. The complexity staircase provides a powerful, descriptive classification 
scheme that can help to solve conceptual confusion (Czerniak, 2007), and it can be used to 
compare one program to another (Rennie et al., 2012b). Individual studies on integration 
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involving S&T in primary school usually do not use this framework, but they can probably 
be characterized in these terms. 

Table 3.1
Summary of the levels of integration 

Name Description

Isolated/cellular/ 
fragmented 

Separate and distinct school subjects or disciplines. Often viewed as 
the traditional way of teaching.

Connected/ 
aware 

Explicit connection is made between the separate disciplines, 
deliberately relating school subjects rather than assuming that 
students will understand the connections automatically.

Nested/ 
fused

A skill or knowledge from another discipline is targeted within one 
school subject/discipline. Content from one school subject in the 
curriculum may be used to enrich the teaching of another school 
subject.

Multidisciplinary Two or more school subject areas are organized around the same 
theme or topic, but the disciplines preserve their identity.

Interdisciplinary In the interdisciplinary course there may be no reference to individual 
disciplines or school subjects. There is a loss of the disciplines’ 
perspectives, and skills and concepts are emphasized across the 
school subject area rather than within the disciplines.

Transdisciplinary The curriculum transcends the individual disciplines, and the focus is 
on the field of knowledge as exemplified in the real world.

3.2.1 On educational innovation
The generic literature on the success of educational innovations (Ely, 1990; Fullan, 2001; 
Pinto, 2005) has investigated various factors related to the success or failure of an 
educational innovation, such as the need for change, continued support by the school 
administration, critical mass, clarity of goals and the quality of the programs. Several of 
these aspects, combined with components such as learning activities, the teacher’s role, 
assessment, time and aims and objectives, make up the school curriculum (Hattie, 2003; 
Thijs & Van Den Akker, 2009). It is clear that the complexity of a new educational approach 
will relate to many of these factors. Generally speaking, small and relatively simple innova-
tions are less demanding for staff, administration and so on. Therefore, complexity may 
be critical to implementation. 

The literature has also stressed the pivotal role that teachers play. When teachers do 
not adopt the innovation, it will fail. The teachers’ motivation for and commitment to the 
innovation are needed. It is important that the project’s aims match the teachers’ personal 
aims (Vos, 2010). The innovation should be understood and recognized as realistic and 
worthwhile and it should have value in the eyes of the teachers (Wopereis, Kirschner, Paas, 
Stoyanov, & Hendriks, 2005). To achieve this, teacher support and professional develop-
ment (PD) are crucial. Furthermore, teachers should build up a sense of ownership in 
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the innovation (Vos, 2010, p. 18). One way to do this is to involve them in designing the 
classroom materials.

3.2.2 Research questions
This study has aimed to evaluate empirical results on integrated S&T curricula in pri-
mary education and to describe the needed input and resulting output (hindrances and 
affordances) of integrated curricula in such a way that the findings can guide informed 
decision-making processes undertaken by schools and teachers. We have proposed the 
complexity staircase framework to classify integration projects in a way that relates to 
the trade-off of integration efforts made. We have focused on learning results (output) 
on the one hand, and factors that contribute to or hinder success (input) on the other, in 
particular, those that concern the role of the teacher. Our aim has been to shed light on 
the types of integration to be used in particular circumstances, the learning outcomes to 
be expected, and the type and amount of effort that is needed.
The research questions are:
1. What outcomes of integrated science and technology curricula in primary school are 

reported? In particular: 
(a) What are cognitive learning effects?
(b) What are affective learning effects?
(c) What effect on the time spent on science and technology education has been 

reported?
2. What input is required for (factors that contribute to or hinder the success of) inte-

grated science and technology in primary school? In particular:
(a) teacher commitment
(b) teachers’ PD
(c) teacher support
(d) problems in implementing integrated curricula
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3.3 Method

In this study, we analyze the recent literature on integration. At an early stage, it had already 
become clear that there would not be enough material to perform a true meta-analysis. 
Therefore, we performed a review, in which we focused on quantified learning results 
from tests on knowledge and skills, as well as on attitude measurements. To supplement 
this, a focus group study involving researchers and teacher educators was performed. By 
bringing in their expertise, we broadened the empirical basis. The group also contributed 
to the validity of our analysis and conclusions and helped to ensure its relevance for 
school practice.

3.3.1 Review setup
The first step in the review study was finding and selecting the projects to be analyzed. We 
choose projects as a unit of analysis. Experts were asked for their suggestions on projects, 
and literature was collected from our own previous research as well as through elabora-
tion on the keywords and authors in the review studies mentioned above. We searched 
using Google Scholar, employing various key words and their combinations. Examples 
include integration, integrated, science, technology, primary and education; the results were 
screened by their titles. If we could make no direct decision, we made an additional anal-
ysis of the abstract. Lastly, we browsed the reference lists of all of the articles we initially 
collected. Several research papers referred to a project website, and these websites were 
subsequently examined for additional research reports. In collecting the samples, we 
employed various criteria:
•	 The project concerned the integration of science and/or technology or at least lan-

guage education or mathematics. 
•	 The project’s goal was directly related to integration, e.g., to its design, its implemen-

tation or its outcomes.
•	 The project focused on students somewhere between kindergarten and age 12. 
•	 The project reported empirical results of a qualitative or quantitative nature. 
•	 The project’s results were reported in 1994 or later.

3.3.2 Project descriptions
Eight research projects were found that met the selection criteria: GTECH, CORI, PC, WEE, 
Angles, IDEAS, Seeds/Roots, and AIMS. Appendix 3.1 provides an overview of all projects 
included in the review, their main characteristics, their classification on the integration 
staircase, the available data on cognitive and affective results and an overview of the 
sources used for the review. A description of the projects is presented below. In this part 
of the dissertation, the term S&T is not used; the original disciplines are used as reported 
in the projects. 
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GTECH (James, Lamb, Householder, & Bailey, 2000) is a project in which nine teams of 
mathematics, science, and technology teachers designed several integrated units over a 
two-year period while focusing on integrating school subject contents across curricular 
disciplines and implementing ICT in the classrooms. Learning goals consisted of science 
concepts, problem-solving, thinking skills and favorable attitudes toward the involved 
school subjects. GTECH involves age levels that partly overlap with primary education. 
Their focus is on problem solving and thinking skills, and their inclusion of both science 
and technology make the project relevant for this review.

Wondering, exploring, and explaining on the part of primary school students are at the 
core of the integrated reading and science project “WEE science” (Anderson, West, Beck, 
Macdonell, & Frisbie, 1997). Two teachers used the WEE strategy, which began with won-
dering about the content of normal, commercially available books and then deepened 
the learning process by exploring such strategies as model-building, microscope work, 
observations and experiments.

Concept-Oriented Reading Instruction (CORI) aims at supporting students reading moti-
vation by merging reading strategy instruction and conceptual knowledge in science. The 
original CORI project began in 1992 and ended in 1997; two follow-ups were realized in 
2007 and in 2012. The last project focused on adolescent learning and was therefore 
not a subject of our study. Over a thousand students were taught in the CORI programs. 

Whereas PrimaryConnections focused more on science, the CORI project focused 
more on reading. Over 20 research papers were published in peer-reviewed journals and 
can be found on their website. For our analysis, a meta study by Guthrie (Guthrie, McRae, 
& Klauda, 2007) was our key source. 

The project placed daily reading instruction in the context of a science school subject 
using commercially available books. Their goal was to increase reading motivation and 
engagement and to foster conceptual knowledge development in science at the same time 
(Guthrie et al., 2004). Guthrie reported the following claims as the rationale behind the 
twelve-week CORI project: “(a) Engagement in reading refers to interaction with text that is 
simultaneously motivated and strategic, (b) engaged reading correlates with achievement 
in reading comprehension, (c) engaged reading and its constituents (motivation and cog-
nitive strategies) can be increased by instructional practices directed toward them, and 
(d) an instructional framework that merges motivational and cognitive strategy support in 
reading will increase engaged reading and reading comprehension.”

PrimaryConnections (PC) aims at linking science with literacy. It is an innovative approach 
to teaching and learning to enhance primary school teachers’ confidence and compe-
tence in teaching science. PrimaryConnections has introduced curriculum resources and 
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a professional learning program for teachers in three stages in Australian primary schools. 
Stage 1 in 2003 began by framing a conceptual model of integrative science learning and 
teacher professionalization (Hackling, 2007; Hackling et al., 2007); that model was tested in 
56 trial schools in stage 2 (Hackling & Prain, 2005); and it was expanded into a nation-wide 
effort in stage 3 (Dawson, 2009). So far, 23 curriculum units and a professional learning 
program have been developed and tested. These can be found on their website along 
with a collection of research reports and background materials. 

PrimaryConnections adapted Bybee’s 5E model (Bybee, 1997), in which students 
“Engage, Explore, Explain, Elaborate and Evaluate”. PrimaryConnections uses this construc-
tivist and inquiry-based approach to link science with literacy. It emphasizes that students 
who are in the process of learning science will use verbal and visual representations to 
talk about, discuss and visualize science concepts. There was an emphasis on science and 
on the “literacies of science”, such as representing and communicating science concepts, 
processes and skills. The focus on science and the “literacies of science” arose because 
the project originated as an answer to concerns about the status and quality of science 
teaching in Australian primary schools. 

Munier and Merle (2009) studied the interdisciplinary mathematics and physics approach 
of teaching the concept of “Angle”. Three teaching sequences were developed, refined and 
tested in grade levels 3, 4 and 5. Starting from a real-world context that was meaningful for 
students, the sequence intended to facilitate the learning process of geometry concepts.

Central to the project, IDEAS is an instructional model designed to accelerate primary 
school student achievement in science, reading comprehension and writing. Using the 
so-called “In-Depth Expanded Applications of Science” model (IDEAS), the project com-
bines reading and science education. The project has expanded from a classroom setting 
with three teachers (Romance & Vitale, 1992) to 51 teachers (Romance & Vitale, 2001). 
A scale-up study began in 2002 and investigated even more schools (Romance & Vitale, 
2008). The above-mentioned papers were selected for this review because they provide 
a good overview of the complete project. Many additional materials can be found on the 
project’s website. 

The IDEAS project has focused on implementing a schedule that earmarks 1½ to 2 
hours daily for science with integrated reading and writing activities across grade levels 
3–5. The project intends to solve the problem of a lack of adequate instruction time for 
science by replacing a block hour of reading or language instruction with one that inte-
grates language instruction or reading with in-depth science instruction. Attention is paid 
to both hands-on science activities and the reading of science books and journal writing. 

The rationale behind integrating science and reading stems from the conviction that 
reading skills and science thinking skills overlap and increase attention on content read-
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ing as a learning goal, so that most applied reading goals are incorporated into in-depth 
science reading (Romance & Vitale, 2001). 

Seeds of Science/Roots of Reading is a curriculum that integrates science and literacy in 
order to provide access to in-depth science knowledge, academic vocabulary and powerful 
skills and strategies in both literacy and science. The Seeds/Roots project is a large-scale 
project with the goal of integrating of science and literacy. In 2003, the first steps were 
taken, which led to a field test including 25 teachers in 2004–2005 (Wang & Herman, 2005). 
After this initial startup, over the next two school years, 100 teachers per year participated 
in the research project (Goldschmidt & Jung, 2011a, 2011b). Publications on the back-
ground and the results of the project can be found on the website. Twelve curriculum units 
that integrate science and literacy were developed and tested, partially building upon the 
products and experiences of the Great Exploration in Math and Science (GEMS) project. In 
order to deepen learning in both science and literacy, the Seeds/Roots project is based on 
three guiding principles: “Engage students in first-hand and second-hand investigations”, 
“make sense of the natural world”, “employ multiple learning modalities”, and “capitalize on 
science-literacy synergies” (Lawrence Hall of Science, 2012). Students read and investigate, 
thereby triggering process skills such as predicting, classifying and interpreting, which are 
vital for both reading and science and which contribute to meta-cognitive skills.

Activities Integrating Math and Science (AIMS) is a program that provides opportunities to 
acquire scientific and mathematical knowledge and skills through student-centered inquiry 
and discourse-based approach. Although this project started in 1981 and a research paper 
about the results appeared in 1994, we have nonetheless incorporated it into the analysis 
because the project has continued to develop since then. There is an active website (http://
www.aimsedu.org) with educational materials and a newsletter with current updates. The 
initial materials were developed with the assistance of 80 teachers; since then, more than 
75 books with activities have been produced and thousands of teachers have participated 
in workshops. Its integrated activities and corresponding model of learning are based on 
students counting and measuring during hands-on, real-world experiences, recording 
the measurements, and then writing about them. Illustrating the findings with graphic 
representations leads to abstract thinking in which higher-order thinking skills such as 
hypothesizing, generalizing and analyzing are used (Berlin & Hillen, 1994).

3.3.3 Determination of level of integration
On the basis of various project sources, such as scientific publications, project websites 
and curricular materials, the projects were categorized according to the determination 
scheme in Table 3.2.
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Table 3.2
Curriculum integration level determination scheme

Step 1 o The content of the lessons is taught by separate teachers or the content of the 
lessons is about one school subject ⇒ connected

o Two or more school subjects are incorporated in the same lesson ⇒ nested / 
multidisciplinary / interdisciplinary / transdisciplinary

Step 2 o Each school subject has its own (set of) learning goals ⇒ nested / multidisciplinary 
(go to step 3)

o The (set of) learning goals transcend(s) the individual school subjects ⇒ 
interdisciplinary / transdisciplinary (go to step 4)

Step 3 o One of the school subjects is dominant over the other (as indicated by the learning 
goals) ⇒ nested

o The school subjects are equally important ⇒ multidisciplinary

Step 4 o The learning goals are (predominantly) taken from school subject curricula or 
schoolbooks and/or are teacher-oriented ⇒ interdisciplinary

o The learning goals predominantly include solving real-world problems and/or are 
student-oriented ⇒ transdisciplinary

The first author analyzed the available materials, selected key elements of the project 
descriptions from the various sources on each project and then presented them to the 
other authors. For every project, all steps of the identification scheme were discussed by 
referencing all of the project’s available sources until a consensus on the project’s inte-
gration approach was reached. The type determinations are also listed in Appendix 3.1, 
which represents an overview of the projects.

3.3.4 Analyzing the projects
Our evaluation of the effects of the selected projects (research question 1) focused on 
four factors:
1. the effects of cognitive learning on both knowledge and higher-order thinking skills in 

the field of S&T and in the complementary, integrated school subject; 
2. attitudes of students toward S&T and toward the other integrated school subjects;
3. the effect on the amount of time students spent on S&T; and,
4. questions and problems highlighted in the materials analyzed.

Five projects were quite comprehensive, and multiple sources for them were available. 
Documentation typically comprised teaching materials, teacher guides, a website, several 
(research) papers and additional documents describing the project. For three projects, 
documentation comprised just one research paper. All documents were imported into 
the computer program Atlas.ti to support the qualitative analysis. Atlas.ti allows for the 
systematic coding of relevant sections and quotes in the documents (Muhr & Friese, 2004). 
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When considering learning effects and attitudes, we first looked for statistical esti-
mates of the acquisition of knowledge and skills reported in the studies. Care was taken 
to account for the kind of information provided on a particular variable. It may have 
been tested on the basis of the students’ (or teachers’) perceptions, or else it may have 
been based on classroom observations. Some studies used indicators like “the number 
of positive remarks on the lessons”. Occasionally, the measurement was merely a claim 
supported by argumentation. We used these various sources of qualitative information 
to enrich the collected data. 

Not all research projects reported on all four types of learning effects, and the studies 
varied in the way they reported, in particular, on effectiveness. Some projects reported on 
students and others on teachers. Sometimes there were qualitative data; other projects 
gathered a large pool of data that allowed them to report quantitative results. In Appendix 
3.1, the effects are listed separately. Where hard data were available, we presented them; 
additional claims are presented in a separate row.  

To answer the second research question, we searched for phenomena that helped 
teachers create, or hindered them from creating, effective integrated education. We 
focused on teacher commitment, teacher PD and the various kinds of support provided 
to the teachers. In addition, we analyzed the projects for reported pitfalls and problems. 
The methodological approach we employed was a qualitative review. After systematically 
studying the projects, we listed the various results on teacher motivation and commit-
ment, and based on these, we formed conjectures. After discussing the conjectures with 
the focus group, we went back to the material to systematically review all of the data 
supporting or opposing the conjectures (Gravemeijer, 2004).

3.3.5 Focus group
To support our analysis and interpretation of these projects, two focus group interviews 
were conducted in order to deepen and validate the literature analysis (Morgan, 1996; 
Morgan & Spanish, 1984). Morgan (1996) defined a focus group as “a research technique 
that collects data through group interaction on a topic determined by the researcher”. 
The group begins with a question raised by the researchers. Through discussion, the 
group may raise additional questions, make comments on assumptions and advise on 
particular matters to examine or form hypotheses on the research questions, thus helping 
to deepen the analysis.

In general, it is advised that focus groups be heterogeneous in order to create a rich, 
multi-perspective discussion and to avoid biases. Our focus group comprised four (asso-
ciate) professors and/or researchers in S&T education, four (associate) professors and/or 
researchers in (primary) education, and four teachers and/or educators.

Two group conversation meetings were organized. In the first session, the demands 
on the categorizing framework were discussed. Based on their expertise, the focus group’s 
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discussion contributed to the definition of the various integration types for primary edu-
cation (Table 3.1) and the type determination scheme used to classify the projects (Table 
3.2). The focus group was also very supportive in reflecting on the review and in valuing 
the effects reported in the various projects (research question 1). A verbatim record of 
the meeting’s content was sent to the group members to ensure correctness.

In the second meeting, the focus group discussed the preliminary review results, 
focusing mainly on factors that may have helped or hindered the teachers (research 
question 2). In order to verify the tentative conclusion, the group members were asked to 
discuss our preliminary findings’ feasibility, practicality and soundness. The group mem-
bers discussed how their experiences with integration related to our preliminary model, 
thereby enriching the available information on the integration approach. A written report 
on the focus group discussions and their main conclusions was sent to the participants 
to validate factual information on the projects.

The focus group members were also individually asked to complete a series of open 
questions on the general aim of this study and “the possibilities of and difficulties in 
establishing integrated S&T curricula as a way to promote S&T in primary education”. The 
personal answers were clustered and used as a background and reality check for inter-
preting the results of this study. This is presented in the discussion section of this paper.
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3.4 Results

3.4.1 Reported effects
The first research question concerned the cognitive effects, the affective effects and the 
effects on time spent on S&T of the various integration.

Cognitive learning effects. 
Cognitive learning effects on S&T were reported in seven projects and were predominantly 
positive. CORI, Seeds/Roots and IDEAS used an experimental setup with control groups; 
PrimaryConnections provided results based on a large-scale survey; and WEE, AIMS and 
Angles collected and analyzed student and teacher claims about the project. 

On the basis of a meta-analysis of 11 studies, CORI reported a significant improve-
ment of treatment groups over control groups, with an effect size of 1.34 for knowledge 
acquisition (n = 502). In the meta-analysis, one study reported on science inquiry skills (n 
= 98), and an effect size of 0.57 was reported. 

The PrimaryConnections project presented indirect measures. Among teachers, 
87% believed that “science learning improved”. Students in experimental classrooms 
were “twice as good in representing science results” than students in control groups. 
PrimaryConnections also reported that “more students” could identify the variables in an 
investigation. In a survey (n = 538), approximately 70% of the students indicated that they 
learned lots of science during the tested curriculum. 

Students in the WEE project were asked to report on what they learned during the 
integrated lessons. The students reported 177 declarative knowledge claims (for example, 
“I learned about ...” or “I learned that...”) and 17 procedural knowledge claims (such as, “I 
learned how ...”). However, the researchers express concerns with the number of science 
misconceptions that students listed in their final evaluation. 

The Angles project focused on teaching methods and not on student outcomes. The 
authors of the studies on the project claimed that the integrated teaching approach leads 
to knowledge development in the domains of both mathematics and physics, and that the 
students developed modeling skills. 

In the IDEAS project, science understanding was reported to have increased. Science 
achievement in IDEAS classrooms was the equivalent of 0.93 to 1.6 school grades better 
than in control classrooms. Classroom observations indicated that the quality of ques-
tions asked by the students improved,  as did their ability to explain science concepts 
in terms of classroom science experiments and real-life applications. An evaluation by 
independent researchers of the Seeds/Roots project revealed significant positive results 
(p < .05) on the understanding of the content and nature of science. Teachers report 
the ongoing development of skills and cognitive abilities like observation, categorization, 
question asking and using data.
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The AIMS project teachers evaluated the outcomes of the learning process through 
an observation protocol that focused on student activities that revealed acquiring science 
knowledge and skills, affective learning results or social competencies. The teachers had 
been previously trained to use it. Their collected outcomes were divided into three cate-
gories: cognitive, affective and social. Most outcomes concerned science-related cognitive 
results: 423 in total. These outcomes were further divided into categories based upon 
Bloom’s taxonomy. The first two levels, knowledge and comprehension, contained 297 
outcomes and were characterized by statements such as these: “recalled prior knowledge 
to solve a problem”, “able to record and interpret data”, “showed some understanding of 
concept of …” and “could explain their thinking”. As for the higher-level competencies in 
Bloom’s taxonomy (application, analysis, synthesis and evaluation), 126 outcomes were 
registered. These were characterized by the following types of statements: “Made real-
world connections”, “spontaneous comparing and contrasting”, and “knew when their data 
[were] faulty”. So, the AIMS teachers reported a substantial number of learning outcomes 
related to higher-order, 21st-century learning skills.

For results concerning reading, three projects reported specific measures. CORI reported 
an effect size of 0.9 for reading comprehension (n = 98) with standard reading compre-
hension tests used in a quasi-experimental setup with pre- and post-tests and control 
groups. The IDEAS project reported on reading achievement over a multi-year period with 
51 teachers in all. The experimental groups performed the equivalent of 0.3 to 0.5 grades 
levels better than the control groups (total n = 1200).The Seeds/Roots project reported 
on student vocabulary and found that treatment groups scored significantly higher than 
control groups, with an effect size of 0.38 (n = 1483) and 0.23 (n = 1950). The Seeds/Roots 
project reported no significant learning effects for reading and writing.

Affective learning effects
Most projects have indications and qualitative descriptions on students’ attitudes. CORI 
reported effect sizes to describe their findings, PrimaryConnections provided results 
based on a large-scale survey, WEE used a student questionnaire, AIMS analyzed com-
ments the teachers gathered and IDEAS offered only indirect claims.

The CORI project reported an effect size of 0.3 for reading motivation when comparing 
experimental classes with control classes, comprising over 1000 students in total.

In PrimaryConnections, students (n = 538) completed an anonymous survey in which 
they had to compare their experience of science in the PrimaryConnections curriculum 
with their experiences of the standard science curriculum. For the question, “Have you 
enjoyed science this term?” on average, less than 8% of the students indicated that they 
did not enjoy science in the experimental conditions. 
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From a questionnaire used within the WEE project, 70% of the students (n = 44) 
reported that they liked the project, its explorative section in particular, and 50% disliked 
nothing in the project. The majority of the other 50%, who did dislike something in the 
project, focused on matters that did not concern the curriculum, such as “the video cam-
eras in the classroom”. A small group of students did not like “explaining their findings to 
each other”. The figures reported indicate an overall favorable attitude toward the project 
in general and toward the science section in particular.

IDEAS reported “increased confidence and motivation”, as well as “active classroom 
participation”, indicating “high interest in and motivation to learn science concepts”. Par-
ents reported that their children were, for the first time, enjoying reading their textbook.

In a Seeds/Roots case study of six classrooms, teacher interviews revealed that stu-
dents were really interested in learning and loved the hands-on experience, and students 
even reported that science was their favorite school subject. It was reported that students 
“held their interest for reading even for challenging books” and that “there was not one 
bored person in the class”. 

The AIMS project did not differentiate between attitude effects in science and 
language. The teachers in the project collected 234 affective outcomes through the obser-
vation protocol. These outcomes were divided into three categories: (a) attitudes toward 
mathematics and science (e.g. “looked forward to doing science” and “actively engaged 
in learning”), (b) dispositions/habits of mind (e.g. “desire to know more” and “high level of 
excitement”) and (c) self-efficacy (e.g. “proud of what they had accomplished” and “wanted 
to keep working when it was time to quit”). From this, it was said that “teachers report 
many positive learning outcomes regarding attitudes towards science and mathematics”. 
The teachers indicated that these positive attitudes seemed to be a prerequisite to an 
effective learning environment. 

Effects on time spent on science and technology 
Four of the eight projects explicitly reported that the time spent on S&T during the use of 
the integrated curriculum effectively increased. Seeds/Roots used a control group setup, 
and PrimaryConnections reported results of a large-scale survey, WEE provided only indi-
rect information. The IDEAS and CORI project design required specific time investments. 
The other projects did not report on this issue. 

The connected project, GTECH, was effectively carried out within the context of the sci-
ence lessons alone. Moreover, since the mathematics teachers withdrew from the project, 
the whole unit had to fit into the time allocated for science. This indicates that for GTECH, 
the time spent on science did not increase and possibly even decreased.

In PrimaryConnections, the participating teachers indicated that the time spent on 
science increased. Measured in 91 classrooms, it was found that the number of classes 
in which less than 30 minutes a week were spent on science decreased from 27% to 11%. 
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The number of classes with 30 to 60 minutes of science a week decreased from 41% to 
27%, and classes that spent more than 60 minutes a week on science increased from 31% 
to 62%. In addition, the quality seemed to improve because PrimaryConnections teachers 
reported that science was taught more often in the morning when the high-priority school 
subjects normally are taught.

The WEE project reported that students talked with their families about WEE three 
times on average during the course, and that all of the students indicated that they liked 
talking about WEE. This indicates not only a favorable attitude toward science; it also indi-
cates that the time spent talking about science in a non-school situation had increased.

In the IDEAS project, 1½ to 2 hours a day that were normally spent on language 
and reading were reserved for the project, hence, time for science increased. Classroom 
observation in the IDEAS project revealed that at least 30 minutes of that time was spent 
in hands-on activities, experiments or demonstrations. 

The CORI project brought about a similar change. During the three to eight months of 
the CORI project, this was the only form of reading and language teaching that the students 
had, and the reading and language training of the students in this period was dedicated 
to science topics. Twice a week, the dedicated, oral-reading fluency time was spent on 
hands-on activities or the study of science concepts. In the Seeds/Roots project, teachers 
who were using the project materials spent approximately 50% more instructional time 
on the science unit than the control group teachers using the standard unit. The control 
group teachers (n = 35) spent around 180 minutes on science, while the treatment group 
(n = 38) spent 270 minutes on science. Of that time, one-third (for both treatment and 
control groups) was spent on hands-on activities.

Summary of the different types of effects 
In Table 3.3, we have summarized the reported effects. Within the cognitive and affective 
effects, we have distinguished between effects on S&T and effects on the complementary 
school subject. Within the cognitive effects, we have differentiated between effects on 
knowledge and effects on higher, 21st-century thinking skills. In the table, we have distin-
guished between negative results (−), no results (0), weak positive results (+), and strong 
positive results (++). Strong positive results, for example, have effect sizes of higher than 
0.8 or an increase in student performance equivalent to a 0.5 grade level or more.
In the nested approach to integration, we distinguished between the projects that focused 
on language (CORI and WEE) and the project that focused on S&T (PrimaryConnections). 
In PrimaryConnections, a large amount of effort was put into the S&T section of the inte-
grated school subject.
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3.4.2 Factors that contributed to or hindered successful implementation
The second research question concerned factors that contributed to or hindered the 
successful implementation of integrated S&T. In particular, we investigated teacher moti-
vation and commitment (as in, for example, the resonance of the project’s aims with 
the teachers’ personal aims), teacher PD, support offered to the teachers and problems 
reported concerning the implementation of integrated curricula.

Teacher motivation and commitment
A qualitative review was performed. Once we had systematically studied the projects, 
the various results on teacher motivation and commitment appeared to form four cate-
gories that represented four factors underlying teacher commitment. In order to verify 
the tentative results, our focus group members were asked to discuss the feasibility and 
soundness of the findings. We then re-examined the data for evidence to support or 
oppose the hypothesized factors.

A first important factor that contributed to teacher commitment concerned the aims of 
the integrated projects. Teachers were described as strongly motivated by student-cen-
tered teaching pedagogies where students were actively involved and more likely to attain 
21st-century skills. The literature also indicated that teachers felt the need to increase 
student-centered learning and hands-on activities (Levitt, 2002). The alignment of the 
project’s aims with the teachers’ sense of fulfillment when they observed students using 
and learning 21st-century skills was an important contributing factor. 

Projects categorized according to the various steps on the complexity staircase began 
with the goal of increasing hands-on activities and/or problem-solving skills. Furthermore, 
in all of the projects reviewed, the teachers were stimulated to use hands-on activities, 
inquiry-based teaching or problem-solving pedagogies. On the basis of national reports 
and studies, most projects underlined the importance of scientific literacy: not only reading 
about S&T, but also acquiring the appropriate skills through inquiry and problem-solving. 
The multi-, inter- and trans-disciplinary projects explicitly focused on school subject-tran-
scending goals. AIMS claimed to address higher-order thinking and problem-solving. 
Angles and Seeds/Roots explicitly postulated that science can support the learning pro-
cess of the other school subject.

The focus group experts also indicated that integrated approaches stimulate 
higher-order thinking skills and 21st-century skills, for example, an investigative and prob-
lem-solving attitude. Although goals related to higher-order thinking skills, 21st-century 
skills, and subject-transcending learning goals were mentioned frequently; this does not 
mean the traditional, subject-bound learning goals that are often more knowledge-focused 
are unimportant. Most experts suggest a combination of these goals. The members of 
the focus group recognized the results of the analyzed projects as concurring with their 
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experience. Both the experts and our analysis stressed the importance of real-world 
context and skills. 

A second factor that contributed to the teachers’ commitment to integrate two or more 
school subjects was being encouraged by the positive effects of the program on student 
motivation. A nested project, such as CORI, stressed the importance of a meaningful 
context for the reading lessons. Students and teachers became, through the integration, 
more motivated and cognitively stimulated. For CORI, increasing motivation for reading 
via integration with science was a main goal. 

An interdisciplinary project in which reading played an important role was the Seeds/
Roots project. In this interdisciplinary project, teacher motivation was present in both 
school subjects. Researchers who studied the Seeds/Roots project reported that teach-
ers found the units overwhelmingly usable, effective and engaging. Furthermore, the 
researchers found that the teachers were active and enthusiastic. They reported that 
many participating teachers expressed enthusiasm about an approach that embraced 
both science and literacy learning goals, and all teachers said they would use the unit 
again when they had the choice. 

In the IDEAS project, a multidisciplinary project, experimental-group teachers were 
initially very reluctant to discard the basic reading lessons, particularly with regard to 
explaining the curriculum rationale to parents. This concern, however, was overcome early 
in the school year when many parents voluntarily informed teachers show pleased they 
were with their children’s excitement about classroom science instruction and with their 
children enjoying, for the first time, reading their textbooks and other science materials 
at home.

Another source of this favorable expectation was the pedagogical approach taken in 
the projects. The combined effect of learning by doing and a pedagogy where students 
used inquiry and problem-solving skills was used in many projects to increase student 
and teacher motivations in S&T. The focus group also stressed that S&T can create a 
meaningful, authentic context for development of reading competencies. Or, as one of 
the experts said, “the world students live in is not divided into separate school subjects”.

A third factor that contributed to teacher commitment was the wish to spend more time 
and attention on S&T within an already overloaded curriculum. PrimaryConnections, WEE 
and IDEAS tried to increase the time spent on S&T by integrating it with language/read-
ing. Reading about science instead of arbitrary content not only makes the lessons more 
meaningful but also proves to be time-efficient because the science instruction is com-
pleted in part during reading instruction time. AIMS tried to increase attention on science 
by integrating it with mathematics. 
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In the GTECH project (connected approach), the time-sharing advantage was far less 
obvious. Not all sub-projects within GTECH were successful, and mathematics teachers 
appeared to believe that there was neither the space nor time for the integration of 
science and technology. As seen above, worries about endangering compulsory cur-
ricular goals initially tempered teacher commitment to multidisciplinary approaches to 
integration. Growing motivation on the part of the children, however, increased teacher 
motivation. The focus group confirmed this result as an important motivation for inte-
grated approaches to S&T education.

A fourth factor leading to stronger teacher motivation and commitment was the contri-
bution that integration projects can make to teachers’ self-efficacy. The nested project, 
PrimaryConnections, which had chosen science as a primary focus, reported that 83% of 
participating teachers (n = 106) had high self-efficacy and that many teachers with long 
teaching careers who had avoided science until then were teaching it with passion. Other 
projects on the lower part of the complexity staircase did not report specifically on teach-
ers’ self-efficacy, while the interdisciplinary and transdisciplinary projects claimed positive 
results. In the Seeds/Roots projects, an increase in teachers’ (n = 40) science self-efficacy 
was reported (p < .01). Similarly, in the AIMS project, enhanced professional self-concept 
and teacher enthusiasm were reported. The researchers claim that the teacher-research-
ers had strong positive feelings about their involvement in the project and that teacher 
involvement in the project greatly contributed to the teachers’ sense of professionalism.

Teacher professional development 
Teacher PD appears to be an important factor in implementing integrated curricula. 
During its first session, the members of our focus group expressed concerns regard-
ing the teachers’ preparation. The group feared a lack of adequate knowledge of S&T 
content knowledge and knowledge related to pedagogies used in S&T teaching. They 
had also expected the teachers to be too focused on their current textbooks and to be 
uncertain on how to or unable to transform their regular lessons into integrated ones. 
When teachers are unsure of their own abilities (low self-efficacy), it is unlikely that they 
will commit themselves to innovative ideas. Teaching materials that clarify and specify the 
integrated approach and teacher PD may help solve this problem. In addition, the focus 
group expected that implementing integrated S&T education would require knowledge 
of curriculum integration (PK), as well as requiring a change in the teachers’ teaching 
approaches that could conflict with convictions about teaching and attitudes towards S&T. 

The projects roughly reflected the suggested need for teachers’ PD. Five of the proj-
ects included some sort of teacher PD (GTECH, CORI, PrimaryConnections, IDEAS and 
AIMS). These are large-scale integration projects. The nested project, CORI, has empha-
sized PD with regard to reading, and the connected project GTECH has centered on ICT 
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skills for teachers. Three projects did not have a PD program. Although the Seeds/Roots 
project did not offer PD, documents recognized the teachers’ pivotal role and identified 
five teacher roles that are crucial for a successful implementation. Moreover, teachers 
and researchers have stressed the importance of PD in the case of scale-up activities. 
The WEE and Angles projects did not include a PD program. These are smaller projects, 
and some informal professionalization was found in their descriptions. In the WEE project, 
one of the teachers participated in the development of the teaching materials, while in 
the Angles project, the researchers were present in the classroom, so that there were 
ample opportunities, for both the teachers and the researchers, for on-the-job training.

When analyzing the projects, we identified five common PD themes for teachers. The 
first was the teachers’ beliefs and attitudes towards S&T education. Four PD programs 
addressed the relevance of S&T as part of the curriculum. All programs explained the 
rationale behind their ideas on “curricular integration” to the participating teachers via 
PD programs, teaching guides or classroom participation. 

A second aspect that the projects had in common is their focus on the teachers’ knowl-
edge of S&T and on domain-related teaching skills. Understanding the core concepts of 
the S&T that was being taught was a recurring theme in the PD programs. In five projects, 
the teachers’ role in facilitating student learning and the teaching competences needed 
were well-documented. The most crucial ones seemed to be guiding students in inquiry, 
providing conceptual understanding, engaging students in higher-order thinking skills 
and facilitating a student-centered way of learning. Growing familiar and confident with 
inquiry-based and hands-on teaching activities was part of all five PD programs. 

Preparing teachers to implement the materials and the teaching model was a third 
recurring feature of PD. Teachers and trainers went through the materials together and 
identified and solved potential difficulties. Teachers’ self-efficacy, sense of profession-
alism, and sense of ownership were reported to be greatly stimulated because of their 
involvement in developing their own teaching materials (instead of being confronted with 
unfamiliar materials). 

The fourth common category was developing in assessment skills and procedures. 
Assessment is of great importance in convincing teachers of a project’s value. On all steps 
on the integration staircase, teachers reported being afraid that integrated curricula do 
not comport with standardized testing and the usual focus on literacy and mathemat-
ics. Assessment makes students’ learning processes and outcomes visible and hence 
enhances teachers’ appraisal of the integration project.

Finally, the PD programs stressed the importance of follow-up training. Either a del-
egation of the project researchers has visited the schools or follow-up meetings have 
been arranged.
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Teacher support
During the first session, our focus group suggested that teachers need to be provided 
with new curriculum materials or assistance in developing new materials. When we ana-
lyzed the projects, it became clear that all of the projects actively assist the teachers, 
but that the assistance varies from tools that guide teachers in developing new units by 
themselves to complete teaching units previously designed by a research team. Three 
projects had the individual teachers construct their own lessons while offering help with 
the process. IDEAS employed a development tool that helps teachers to use science as 
the context for other learning activities such as reading, writing and concept-mapping. 
CORI and WEE (nested approach) employed preselected, commercially available books. 
The books were selected to be compatible with the specific scientific concepts being 
taught and were used to increase student reading comprehension. A fourth project, for 
which the researchers did not develop any lessons, was the connected approach used by 
GTECH. In this project, new curriculum resources were collectively developed by groups 
of teachers. Nine school-based teams of science, mathematics and technology teachers 
created 16 integrated units. These development teams were supported by the research 
team through a professional training program. The project reported that the mathematics 
teachers withdrew from the curriculum development because they felt that there was no 
time for science and technology in the mathematics classes. 

Three projects in the middle and on the top end of the complexity staircase (AIMS, 
Seeds/Roots, and Angles) offered the classroom teachers complete integrated teaching 
units. The development of the units sometimes involved a selected group of teachers. 
In the Angles and Seeds/Roots projects, it seems that the researchers developed most 
of the materials, respectively, 3 units with 4 lessons and 12 units with 30 lessons. In the 
PrimaryConnections project, in which literacy skills were nested in science education, 
teaching materials were designed and tested by researchers and a selection of teachers. 
The teachers who received the units for classroom usage felt reassured by the involvement 
of teachers in the units’ development and testing. 

In none of the projects was it reported that teachers received technical support with 
the hands-on activities, and classroom assistance with these activities has never been 
present. As reported, exploring and hands-on activities should be facilitated in PD pro-
grams and pre-designed lessons. Sometimes teachers mention a lack of resources and 
time. Nowhere, however, did the lack of support seem to have been a deal-breaker for 
the teachers in implementing hands-on activities.

Reported problems with integration
Most projects reported some difficulties with implementing the integrated curriculum. 
Some of the problems have already been mentioned in a specific context, and here we 
will place them in a broader perspective.
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A first obstacle was the lack of time/space within the existing curricula and timetables. 
In the connected approach to integration (GTECH), problems were reported with involving 
the teachers in the project. The researcher found that mathematics content was rarely 
integrated into the units for S&T. Furthermore, the science teachers were often the only 
teachers who implemented the units in their lessons. The mathematics teachers especially, 
indicated that there was no space or time in the curriculum. 

A lack of time within the existing curriculum for science in combination with the 
overwhelming importance of mathematics and language has also been reported by the 
Seeds/Roots project. Similar concerns were reported in other projects. Teachers in the 
PrimaryConnections project reported on “the on-going battle with literacy and numeracy 
for time”. The researchers involved with the Seeds/Roots project hypothesized that “the 
emphasis [on] language in the educational system may slow the promotion of science 
down.” In the WEE project, the children were not free to investigate what they wished: 
they had to choose explorations that fit into the limited time available. The teachers in the 
Angles project were sometimes in a hurry to carry on with their teaching plans instead of 
being patient and giving the students the amount of time they needed to investigate the 
concept of angles until they fully understood it. 

A second, related obstacle in primary education concerned curricular objectives. 
In some of the projects in the middle and on the top of the integration staircase, con-
flicts occurred between the new units and the existing curriculum. The AIMS project, for 
example, experienced problems connecting the new activities with the curriculum. They 
therefore provided extra information for teachers that helped them link the integrated 
curriculum to their traditional curriculum instead of treating it as “isolated fun activities”. 
In the IDEAS project, one of the initial barriers for teachers was that the proposed alter-
native way of teaching reading/language was feared not to comply with state curricula 
and standardized testing. 

A third problem concerned the assessment of integrated curricula. Because of the 
importance of standardized testing, schools want to be able to confirm their choices by 
presenting good learning results. Classroom assessment is not always easy, especially 
when the aim is to achieve higher-order thinking skills. Some PD programs, therefore, 
have addressed the development of assessment tools that primary teachers can use.

A fourth problem in the implementation of integrated approaches is primary teacher 
confidence and background in teaching S&T, especially in the projects in which many 
hands-on activities are introduced. PrimaryConnections reported teachers having low 
self-efficacy in teaching science because some teachers did not yet understand the 
goals and methods of teaching of science. The AIMS project reported that because of 
the involvement of teachers in the development of the materials, other teachers were 
reassured and felt more confident about trying the lessons.
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Other obstacles arose from school-level factors. In four projects, support on the school 
administration level was described as difficult. WEE and AIMS mentioned the high cost 
of materials and the difficulties in obtaining a budget for them. Searching for low-cost 
alternatives was important in these projects. Teachers in PrimaryConnections and AIMS 
experienced difficulties with resources such as storage space. Another aspect, and a 
potential problem, is that both teachers and school managers should understand the 
value of science in general and the value of teaching science in particular (Fullan, 2001). 
In the scale-up of the IDEAS activities, the persuasion of teachers, principals and adminis-
trators that the program added value to the standard curriculum received extra attention. 
Teachers in Seeds/Roots expressed the need to help participants comprehend the vision 
and value of the program.

The costs of PD programs also posed difficulties in some cases. Large-scale innova-
tions in particular, such as PrimaryConnections and IDEAS, have high costs for PD and 
scale-up projects. For large and small projects alike, the costs for curriculum materials (in 
the case of AIMS), books (in the cases of WEE and CORI), science equipment and supplies 
for hands-on learning (in the cases of AIMS and Primary Science) were mentioned as 
barriers to implementation. 

Finally, another relevant problem was scale-up and sustainability. Both PrimaryCon-
nections and IDEAS recognized the risk of failing to create sustained improvement. Within 
a short period of time, there was increased attention on integrated units and science; but 
when funding comes to an end, a school should be willing and able to continue its efforts. 
Therefore, both projects spent a lot of energy on the scale-up activities and sustainability. 
Key elements were school-wide implementation, teacher PD over a multi-year period, 
and a network of mentors and seminars. The CORI project reported that the success of 
implementation depended on incorporating a set of coherent practices. In a classroom 
setting, it is not possible to implement only part of a strategy because everything is inter-
dependent. Most integration projects not only use integrated lessons; they also depend 
on higher-order thinking skills and a more student-centered pedagogy.
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3.5 Discussion and conclusion 

In this study, we set out to review integrated primary school curricula in which science and/
or technology were integrated with mathematics or language education. In order to help 
solve the problem of a lack of attention on S&T in primary education, we have intended 
to support primary teachers and schools in making informed decisions on the way to 
integrate S&T into their curricula. 

Based on a series of theoretically described approaches of integration (Drake, 2007; 
Fogarty, 2009; Haggis & Adey, 1979; Hurley, 2001; Rennie et al., 2012a) we proposed a 
framework that provided defined descriptions of integration and its various types based 
on their level of complexity.

Overall, the reported effects (research question 1) have been positive. In general, 
students’ motivation and appreciation of S&T are reported to have increased, and most 
projects also reported an increase in the time spent on S&T. Projects also reported stu-
dents’ appreciation of more holistic knowledge, which they can use in real-world situations, 
and the positive development of students’ attitudes and engagement (Venville, Rennie, 
& Wallace, 2012). In addition, the projects generally reported positive learning results in 
the domain of S&T, as well as in the domains of mathematics and language, which involve 
knowledge as well as higher-order thinking skills. This is in line with previous research on 
other school types, such as middle school and secondary education (e.g. Czerniak, 2007) 
and previous, more general research that has reported that students in integrated cur-
ricula “do as well as, and often better than” students in discipline-based curricula (Vars, 
1996, p. 148).

Regarding the second research question, teachers were found to value the aims and 
positive effects on student motivation of the integrated S&T projects. This also raised their 
self-efficacy and commitment. They also recognized integration as a way to teach S&T 
within the constraints of an overloaded curriculum. Teachers are generally motivated and 
optimistic about teaching S&T and 21st-century skills, which they value as being benefi-
cial for all school subjects, as well as in everyday life. In line with Keys (2003), we find that 
integrating S&T with other school subjects can compensate for primary teachers’ lack of 
confidence in S&T teaching due to perceived low self-efficacy and a possible lack of knowl-
edge. This argument is specific for primary schools where the teachers are non-specialists. 

In general, we have concluded that the findings belie the widespread fear that pri-
mary teachers lack to a critical degree the knowledge and self-efficacy that are necessary 
to effectively teach either S&T or S&T in an integrated form. In none of the projects was 
particular technical support considered necessary. Once initiated, with a manageable 
amount of PD and support, integrated S&T projects can be effective. Not all projects have 
these characteristics in equal amounts, and this seems to be related primarily to the type 
of integration pursued and sometimes modulated by particular project characteristics, 
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such as the scale of the project and the subjects integrated. This is in line with Rennie 
and colleagues (2012a), who state that “each curriculum must be judged according to its 
purpose” (p. 5). Hence, we will take a careful look at our primary education projects in 
search of relations between their position on the complexity ladder, and learning effects 
and factors in implementation (hindrances and affordances).

Looking at the connected approach (GTECH), we found very little evidence of effects on 
learning and increased time for S&T. Participating teachers observed increased student 
skills, but one main problem occurred in involving all of the participating teachers in the 
implementation. In the connected approach, teachers with a single disciplinary background 
each taught a separate section of the integrated curriculum. The teachers’ mono-disci-
plinary focus and separate teaching possibly made it unnecessary to integrate the school 
subjects, and teachers therefore prioritized their own disciplines. In the GTECH study, in 
which mathematics, science and technology were to be integrated, the mathematics teach-
ers indicated that they did not have the time to participate fully in the integration project. 
The mathematics content was therefore not incorporated into the integrated curriculum. 
It could be that if there had been only one teacher to teach all school subjects instead of 
three, it would have been easier to incorporate all of the chosen school subjects. In other 
integration approaches, we observed that teachers’ initial hesitation disappeared when 
they experienced the successes of the integrated curriculum. In order for this to take place, 
teachers and schools must be willing to take the first step. A construction wherein teach-
ers focus separately on the different school subjects that are involved in the integration 
project does not appear to be effective. 

The overall conclusion is that the connected approach may be ineffective in creating 
more attention on S&T in primary schools. It is not immediately convincing to teachers, nor 
do the circumstances created lead to enough student enthusiasm or learning results to 
boost teachers’ motivation. Therefore, the model does not appear to lead to a sustained 
and higher level of attention on S&T. On the other hand, apart from the effort put in by 
the teachers, the costs in terms of PD and teacher support are relatively low. Because the 
standard learning goals and the curricula change only slightly in a connected approach, 
it is relatively easy to start. It also appears to be relatively cheap and requires only limited 
support on school-level factors (cf. Jacobs, 1989). 

The three projects using a nested approach to integration have reported learning enhance-
ment mostly with respect to the main topic of the resulting lessons. In the case of CORI 
and WEE, S&T were nested in language education. The addition of S&T was intended to 
increase reading motivation by focusing reading on a useful topic. In the case of Primary-
Connections, the opposite is true: most attention in the classroom is given to S&T instead 
of reading and language. 
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The nested projects led to the acquisition of S&T knowledge and reading skills. Reports 
on 21st-century skills were absent in WEE and scarce in CORI. PrimaryConnections has 
science as a main focus, and it is therefore not unexpected that they reported more 
extensively on 21st-century skills. The projects also led to students adopting favorable 
attitudes toward the school subjects and to sustained motivation and commitment on 
the part of the teachers. Furthermore, the time spent on S&T increased. Both outcomes 
were achieved with a relatively small amount of time invested in PD specifically tailored 
to the “embedded” school subject of the integration. Standard curricular goals can still be 
achieved, and the support and effort required on a school managerial level seems limited. 
Again, the focus on S&T instead of literacy in PrimaryConnections caused some teachers to 
need more support from the school. WEE and CORI do not require much teacher support 
in the form of pre-designed lesson materials.

A clear hazard of the nested approach, however, is that one of the school subjects—
the one that is nested into the other—can be more or less neglected. Students and 
teachers may be well-prepared for one of the integrated school subjects but less well-
equipped for the complementary school subject. PD in all three projects with a nested 
approach usually requires investing more time and effort in one of the school subjects. 
This is also reflected in classroom practices. Not surprisingly, teachers involved in Prima-
ryConnections called for more and better integration of literacy into the science units. 
Another issue is that a nested approach may not be able to completely replace both school 
subjects. This is reflected by the report on misconceptions in the WEE project. This could 
indicate that in a nested approach, the smaller and embedded school subject needs to 
be addressed separately.

In the multidisciplinary approach to integration (two projects), both disciplines that are 
integrated appear to benefit from the integration. Especially in the large-scale IDEAS proj-
ect, detailed results demonstrated improved learning effects in knowledge and skills, very 
positive attitudes and more time spent on S&T. Both projects reported that the students 
acquired higher-order, domain-related skills (investigation, in-depth learning and reading).
We concluded that these types of projects necessitate major changes on the part of the 
teachers. Compared to the connected and nested approaches, the multidisciplinary proj-
ects invested more time and effort in developing curricula, especially for the S&T sections. 
This was caused by the need to make changes in the existing curricula and even, to some 
extent, in the school subject’s learning goals. For example, in Angles, a teaching sequence 
was implemented and tested several times by the researchers over three years preced-
ing the classroom implementation. The multidisciplinary model also necessitates more 
PD and teacher support. In the IDEAS project, teachers were supported and trained in a 
multi-year program to ensure sustainability. This multi-year investment in multidisciplinary 
approaches also seems to be necessary to overcome an initial barrier where teachers 
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fear accountability-oriented government or state testing. Through successful experiences, 
and maybe through the ownership they acquired during this process, teachers were able 
to overcome these fears. The multidisciplinary approach requires more investment and 
school-level support over a longer period of time than the nested approach. 

The projects that use interdisciplinary and transdisciplinary approaches (two proj-
ects) reported favorable learning effects and attitudes. Because the learning effects may 
include knowledge and 21st-century skills, which are not a regular part of the disciplines, 
assessment is less straightforward, and the meaning of the results less clear. The teach-
ers and students were generally highly enthusiastic, engaged and active in the integrated 
curriculum. The Seeds/Roots projects resulted in a significant amount of time spent on 
S&T. Ninety minutes were spent daily on reading instructions using texts with S&T content 
goals; twice a week, reading was replaced with hands-on investigation. 

These projects provided the teachers with a growing degree of structure and pre-
viously developed materials. Integration projects with this approach developed many 
curricular resources and teaching units for teachers. PD is extensive in one of the proj-
ects, and in the other project, it is called for by both teachers and researchers. It seems 
likely that these projects and the requested curricular changes are so encompassing that 
it is hardly possible for teachers to manage on their own without the support of supple-
mentary materials and PD.

Because these types of integration imply changes being made to standard educational 
goals, as well as the use of new teaching methods, we think that support for the teachers is 
vital. In the Seeds/Roots project, for example, not all teachers had the skills and confidence 
to successfully implement interdisciplinary, integrated curricula. In the AIMS project, teach-
ers were afraid of losing connection with the official curriculum. The students’ activities 
were, consequently, sometimes too “teacher-guided” to foster the desired, higher-order 
thinking skills. The involvement of teachers in the development of curricular materials was 
found to be reassuring for other teachers. 

Interdisciplinary and transdisciplinary types of integration appear to yield high student 
and teacher motivation and advanced learning results, but they require a large scale and 
vast and sustained investments on the part of both teachers and schools. 

We propose the model in Figure 3.2 as a summary of our conclusions. This model 
connects the descriptive levels of integrated curricula (the integration staircase) with both 
the expected cognitive and affective outputs and the project inputs that particularly con-
cern teacher PD and support.

Roughly speaking, the higher and more complex the type of integration is on the integra-
tion staircase, the greater the expected output will be in terms of the expected learning 
outcomes, such as curriculum knowledge and higher-order skills, and 21st-century skills, 
including the enthusiasm generated within the students and the teachers, as well as the 
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teacher commitment generated by the integration. Concurrently, the more complex the 
level of integration is, the higher the required input must be in order to overcome tensions 
with the normal curriculum in terms of the teacher commitment, the critical scale and 
duration of the project, the volume and comprehensiveness of teacher PD, the volume 
and quality of the teacher support and the support on the school level. 
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Figure 3.2: Model of integrated curricula. Proposed correlation between the levels of integration 
and the input that is required for implementation and the output that can be achieved through 
integration.

The general picture is that the projects that use integration levels that are high on the 
complexity staircase are more rewarding for the teachers and may better be able to sus-
tain teacher motivation and commitment. At the lower end of the staircase, for example, 
the various school subjects are taught separately, or even by different, specialist teachers. 
The teachers remain in their comfort zone, but there is little opportunity to implement 
a powerful and meaningful real-life learning environment and to achieve accompanying 
21st-century learning goals. At the top end of the staircase, teachers have to teach inte-
grated lessons with learning goals from several school subjects. This places a greater 
strain on the teacher but appears to lead to higher motivation in students, and, moreover, 
offers learning opportunities for hands-on skills, problem-solving skills and 21st-century 
skills. These successes, in turn, enhance teachers’ determination to sustain the integrated 
curriculum. Deviations from this general picture may occur. Irregularities can, however, be 
explained. For example, the emphasis on S&T activities and teaching pedagogies in the 
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PrimaryConnections project can account for students’ and teachers’ engagement and for 
the focus on problem-solving skills.

We expect that the positive reinforcement that teachers and students exert on each 
other during an integrated curriculum are emphasized in primary education where stu-
dents are instructed by only one teacher who teaches all school subjects. Certain rewards 
of integration, such as a positive classroom atmosphere, are within easy access because of 
day-to-day interactions. This situation probably makes the dissolution of the boundaries 
between the school subjects in primary education easier than it is in secondary education. 

Various limitations apply to our study. A first limitation of our model is its empirical 
basis. Although it was based on previous reviews and an on analysis of all projects that 
have recently became known, the amount of data available is still limited. The focus 
group provided supplementary information and expertise that broadened the study’s 
basis. Integration projects may also focus primarily on “getting things done” instead 
of focusing on scholarly research. Even though all of the projects we analyzed were 
involved in at least one research study, only three projects used control groups in their 
research. Finally, we could only incorporate results that had been published. An exam-
ple is that although we looked for reported learning gains on 21st-century skills in all of 
the studies, it may be that they were simply not researched and reported in the older 
articles because the focus on these skills has been growing in particular during the last 
10 years. In terms of Rennie et al. (2010), the available data limit the lenses we can use 
to analyze them. 

A second limitation is inherent in the model we have used. Even though we grounded 
the categorization of projects in descriptive criteria (complexity) to avoid overlapping cate-
gories, it may not always be possible to unambiguously and mutually exclusively categorize 
projects (Haggis & Adey, 1979). There rather may be hybrid or intermediate levels of inte-
gration existing in a continuum (cf. Hinde, 2005). Also, analyzing and categorizing types 
of integration from articles and other written sources alone may introduce a bias and 
may never be able to fully reflect the richness of each individual project. Input and output 
factors depend in part on idiosyncratic characteristics: the school subjects integrated, 
cultural and curricular context, size, topics and so on. For example, in some countries, 
science and technology are separate school subjects, while in others they are one. This 
may influence, for instance, teacher enthusiasm and commitment.

We sought to overcome these limitations by employing the focus group in parallel with 
the review. This helped to enlarge the scope of the information analyzed and to maximize 
the outcome validity, coherence and practical value. We think that despite the limitations, 
we have managed to construct a tentative, coherent and consistent model that is able 
to guide informed discussions on integrated primary S&T education. The model’s status 
is that of a tentative picture that is as good as it can currently be. Further research with 
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close cooperation between teachers and researchers in classroom teaching experiments 
(cf. Cobb & Steffe, 2010) could form a more empirical basis for the model.  

To summarize, the model we propose is a valuable addition that practitioners may use 
to make informed decisions on developing and implementing integrated S&T curricula 
in primary schools. It may give substance to Hurley’s (2001) call for more research that 
“address[es] issues of curriculum implementation that would vary from form to form” (p. 
265).

From a theoretical point of view, our tentative model contributes to solving conceptual 
confusion concerning integration in a productive way. “Integrated curriculum” has been 
recognized to be a container concept, which denotes a whole class of objects that show 
very distinct characteristics (cf. Rennie et al., 2012b), but for which a definition can be 
given that meaningfully relates to the educational characteristics of all integrated curricula. 
Integrated curricula are diverse, and our tentative model meaningfully relates levels on 
the complexity staircase to important other educational characteristics. 

An important characteristic of our model is that it relates content-specific aspects of 
the learning environment to characteristics of successfully implementing integrated curric-
ula. This is in line with Thijs and Van den Akker (2009), who suggested that changes in one 
aspect of education, such as the objectives, presuppose changes in many other aspects of 
education, such as teacher roles, resources and learning activities. Our research suggests 
that such a dependency exists between complexity of integration, the input that is required 
and the output that can be achieved. It would be good to study in more detail the specific 
levels of integration, especially the complex levels of integration since these are, both in 
terms of input and output, the farthest away from a traditional non-integrated curriculum.

From a practical point of view, the model can help people make decisions on curricular 
integration projects by correlating the necessary investments with the expected outcomes. 
It provides a specification of Venville and colleagues’ (2002) idea of taking into account 
the underlying concept of integration when thinking about implementation. One could 
suppose that transdisciplinary integration would be the best choice for improving S&T in 
primary education. But when limited means are available or when the scale is limited to 
only a few schools, it is not very likely that a transdisciplinary or even an interdisciplinary 
project will be successful. In this case, a nested or multidisciplinary approach may be a 
better. In any case, a key finding in our review is encouraging: when appropriate support 
and PD were present, a presumed lack of S&T knowledge and low self-efficacy among 
teachers concerning teaching S&T was not a fail factor in any of the projects reviewed. 
When trying to strengthen S&T in primary education by means of integration it would be 
good to get a deeper understanding of what support of PD teachers need when teachers 
implement higher levels of integration. Especially since teachers often have little experi-
ence with integrated S&T curricula (Baxter et al., 2014; Kurt & Pehlivan, 2013). 
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Appendix 3.1 

Project name Complexity- staircase classification School subject areas involved Effects Sources selected

GTECH (USA) Connected Science, mathematics and 
technology

Cognitive: -not reported
Affective: -not reported 
Time: -the project was done within the context of the science lessons 
alone, therefore no extra time was created.
Additional: Teachers: increased students’ skills in problem solving, 
teamwork, technical expertise and creativity.

James, Lamb, 
Householder, & Bailey 
(2000)

CORI (USA) Nested Focus on reading; science is the 
context

Cognitive: Students: Reading comprehension: 0.9 Science inquiry 
skills (n = 98): 0.57 knowledge acquisition(n = 502) 1.34
Affective: Students: Reading motivation: 0.30
Time: Reading/language in this period was dedicated to science/
technology topics. Twice a week the dedicated oral-reading fluency 
time was spent on hands-on activities or the study of science 
concepts.
Additional: -

http://www.cori.umd.
edu/
http://www.corilearning.
com/
Guthrie et al. (2009), 
Guthrie, McRae, & Klauda 
(2007), Guthrie et al. 
(2004)

WEE (USA) Nested Focus on science; literacy as tool Cognitive: Students: 177 procedural knowledge claims, 17 procedural 
knowledge claims,
Affective: 16 affective claims. Students: 70% liked the exploring best. 
50% disliked nothing, 50 % did not like the video cameras or the 
explaining part. 
Time: The students talked ±3 times with their families about WEE and 
they highly enjoyed these conversations (3.27 on a 4 point scale).
Additional: Students regularly express misconceptions on their final 
evaluation forms.

Anderson, West, Beck, 
Macdonell, &Frisbie 
(1997)

Primary 
Connec-tions 
(Australia)

Nested Focus on science; literacy as tool Cognitive: Teachers: 87% believed integrating literacy improved 
science/technology learning. 
Students: twice as good in representing science/technology results. 
More students could identify the variables in an investigation.
Affective: Teachers: 83% high self-efficacy. Students (n = 538): 90% 
positive or neutral on the question “Have you enjoyed science this 
term?” 86% positive or neutral on question “How much have you 
learned in science this term?”
Time: Teachers: 98% said their teaching improved, science status and 
spent time increased. Classes (n = 91) with less than 30 minutes of 
science/technology a week declined from 27% to 11 % and classes 
that teach more than 60 minutes a week increase from 31% to 
around 62%. 
Additional: Science/technology was more taught in the morning 
during the “high-priority subjects time” as the project evolved (n = 
88).

http://www.science.org.
au/primaryconnections
Australian Academy of 
Science (2011); 
Dawson (2009)
Hackling, Peers, & Prain 
(2007)
Hackling & Prain (2005, 
2008)

“Angles”* 
(France)

Multi-disciplinary Science (physics) and mathematics Cognitive: -not reported.
Affective: -not reported .
Time: -not reported.
Additional: students developed modeling skills and students got a 
better grasp of the concept of angles and important misconceptions 
were discarded.

Munier& Merle (2009)
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Project name Complexity- staircase classification School subject areas involved Effects Sources selected
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Appendix 3.1 Continued

Project name Complexity- staircase classification School subject areas involved Effects Sources selected

IDEAS (USA) Multi-disciplinary Science and reading Cognitive: Students: science achievement 0.93 to 1.6 Reading 
achievement 0.3 to 05. 
Affective: - Students talk at informal moments about science 
concepts and experiments. Classroom observations: High student 
participation in the classroom, hinting at high motivation and 
interest.
Time: - Classroom observations: at least 30 minutes a day spend on 
hands-on activities, experiments or demonstrations. 
Additional: - Classroom observations: the quality and amount of 
questions indicate an in-depth understanding of science/technology 
taught. Parents report their children enjoy reading. 

http://scienceideas.org/
Romance & Vitale (1992, 
2001, 2008)

SEEDS / ROOTS 
(USA)

Inter-disciplinary Science and reading Cognitive: Students: science content understanding and vocabulary. 
Nature of science assessment and vocabulary. No significant results 
for reading or writing. 
Affective: - 
Time: Treatment teachers (n = 35) spent approximately 50% more 
instructional time on the unit than control teachers per week. (from 
180 minutes versus 270 minutes)
Additional: Researchers report that teachers and students were 
active and enthusiastic. Teacher would teach the unit again if given 
the opportunity. Treatment teachers (n = 86) overwhelmingly found 
the Seeds/Roots unit usable, effective and engaging.
Teachers report development of science skills and cognitive abilities.

http://scienceandliteracy.
org/
Barber, Catz, Arya, & 
Berkeley (2006); Cervetti, 
Pearson, Barber, Hiebert, 
& Bravo (2007); Cervetti, 
Pearson, Bravo, & Barber 
(2006);
Goldschmidt & Jung 
(2011a, 2011b); Hanauer 
(2005);
Lawrence Hall of Science 
(2012); Wang & Herman 
(2005);
Girod (2005)

AIMS (USA) Trans-disciplinary Science and mathematics Cognitive: The protocols reflected 423 cognitive outcomes. 
Affective: The protocols reflected 234 affective outcomes and 188 
social outcomes.
Time: -not reported.
Additional: -not reported.

http://www.aimsedu.org
Berlin & Hillen (1994); 
Deal (1994)

* The name “Angles” is not used by the original authors, but since all the other project have a name 
of their own, we decided to name this project as well.
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Abstract 

Strengthening science and technology in the primary classroom is a challenging process. 
In this chapter, demands put on teachers when integrating science and technology (S&T) 
with mathematics in their lessons were identified. A lesson series was set up to integrate 
S&T and mathematics using a “question-centered integrating agent” as means of tying the 
school subjects together. The lesson series, on the topic of speed, was implemented in four 
grade 6 classrooms and taught by four teachers. Through analysis of teaching materials, 
classroom observations and teacher interviews, six factors were identified that constrain 
teaching integrated lessons through a question-centered inquiry learning approach. These 
factors or constraints were related to teachers’ content knowledge, teaching pedagogies 
and conceptions about S&T teaching. Teaching through a question-centered inquiry learn-
ing approach puts great emphasis on teachers’ knowledge of the procedural domain of 
science knowledge and their skills for “doing science”. This requires a classroom culture 
that is unfamiliar to most teachers. The discrepancy between the requirements for effec-
tive teaching through a question-centered inquiry approach and the state of affairs with 
respect to primary teachers’ content knowledge and pedagogic repertoire suggests that 
the question-centered inquiry learning approach may be at present not the best agent 
for integrating S&T in primary education. 



Why integration through question-centered inquiry is so hard

97

4

4.1 Introduction 

The importance of S&T education in primary education is widely acknowledged (Osborne 
& Dillon, 2008), particularly for increasing participation in Science, Technology, Engineer-
ing and Mathematics (STEM) studies and careers. Despite the growing attention for S&T 
education in research and policy, primary education teachers still struggle with teaching 
S&T. They often have low self-efficacy with respect to their S&T teaching abilities, have 
limited (pedagogical) content knowledge, are not well resourced, lack time and perceive 
teaching S&T as not very important (Appleton, 2007).

Appleton (2002) found that S&T is more attractive for primary education teach-
ers when it is part of an integrated thematic approach. Integration of S&T in firmly 
established regular school subjects could also create curricular space for S&T through 
time-sharing (Shriner et al., 2010). In addition, the integration of S&T with other school 
subjects and working on interdisciplinary, real-world problems increases students’ 
attention, achievement, and positive attitude towards S&T education (Czerniak, 2007). 
Integration stimulates the development of 21st-century skills, when the focus is on 
real world problems in particular (Stephanie Bell, 2010). Integrated curricula could be 
a promising way to promote S&T teaching in primary education (Becker & Park, 2011; 
chapter 3). 

The literature analysis in chapter 3 indicated that the achievement of positive out-
comes of integrated curricula, such as positive student attitudes, teacher enthusiasm and 
commitment, more time spent on S&T and learning outcomes related to higher-order 
(21st-century) thinking skills, requires a certain amount of input during the implementa-
tion process. Especially when implementing complex levels of integration, there is a need 
for input on issues such as sustained facilities at school level, professional development, 
teacher commitment and teacher support (chapter 3). It is clear that for successful imple-
mentation of integrated curricula it is a prerequisite that the participating teachers need 
to be able to change their teaching. Integrating S&T in school subjects in daily classroom 
practice is a challenging process in which teachers play an essential role (Czerniak, 2007). 
Teachers often have little experience in teaching or implementing integrated programs 
for S&T teaching (Baxter et al., 2014; Kurt & Pehlivan, 2013), whereas high competence is 
required (Baxter et al., 2014). 

This chapter describes a case study that gives insight into specific demands and con-
straints encountered by teachers when actually implementing a lesson series employing a 
question-centered integrating agent for integrating S&T and mathematics/arithmetic in their 
classrooms. It provides the opportunity to investigate the in-vivo, authentic practices in 
classroom and to identify constraints teachers encounter (cf. Henrick, Cobb, & Jackson, 
2015) through observing and analyzing teaching difficulties as well as from teacher reflec-
tions. Knowing and understanding the constraints that come with a certain integrating 
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agent such as the question-centered approach investigated in this chapter, is important 
for successful implementation of integrated curricula.

Constraints can originate from the processes involved in integrating school subjects, 
from characteristics of the integrating agent itself or from the underlying domains (in this 
chapter, S&T and mathematics). How to facilitate teachers’ development in integrated 
STEM teaching is still relatively new ground (Honey et al., 2014). Our aim is to identify 
factors that constrain teachers in practice and determine their nature and origin in order 
to help develop easy-to-implement, integrated S&T curricula and to identify specific topics 
for primary education teacher professional development. In this sense, it is also a first 
validation of the model for integrated S&T presented in chapter 3.
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4.2 Background 

Integrated curricula have been a topic of research for a long time (Wraga, 1996). Although 
the available data is limited, most studies show positive results of integrated curricula 
(Hinde, 2005; Vars, 1996) and integrated S&T curricula (Becker & Park, 2011; Czerniak, 
2007; Hurley, 2001; Kurt & Pehlivan, 2013). A central issue in most of the studies is the 
question of what integration actually is. Many different approaches and levels of integra-
tion have been designed, characterized and categorized (Drake, 2007; Haggis & Adey, 
1979; Hurley, 2001; Venville et al., 1998). Based on a literature review on integrated S&T 
curricula in primary education in chapter 3, different levels of integration were defined. 
In the present chapter we focus on interdisciplinary integration of S&T and mathematics 
education. Interdisciplinary integration is characterized by learning goals that transcend 
each of the individual school subjects’ goals, and hence employ activities that stimulate 
cross-disciplinary thinking and problem-solving (chapter 3). 

In chapter 3 (Gresnigt, Taconis, Van Keulen, Gravemeijer, & Baartman, 2014) it was 
argued that interdisciplinary integration is a complex form of integration. It is aimed at 
attaining higher-order skills with students such as 21st-century skills, creating positive 
attitudes towards S&T. It also requires much from teachers, such as enthusiasm, commit-
ment and the input of time to be spent on S&T. Interdisciplinary integration also requires 
complex teaching skills and hence a high level of teacher support and extended organi-
zational facilities at the classroom and school level (chapter 3).

Particularly the more advanced levels of integration – where learning goals and tasks 
of the integrated school subjects are combined – require a means of tying together the 
underlying school subjects to form something coherent (Gresnigt et al., 2014; So, 2013). 
Curricula usually describe separate learning goals for each school subject. Also, textbooks 
and assessments usually are about a specific school subject. There is a need for something 
that acts “as magnets for the teaching/learning activities” and therefore enables teachers 
to “meaningfully link different disciplines so that students will see the ‘big’ picture and 
appreciate the relevance…” (Malik & Malik, 2011, p. 101). When developing integrated 
lessons, the content of the individual school subjects needs something to bind them 
together. We suggest calling this an integrating agent. The term integrating agent is used 
to describe pedagogical ingredients that are capable of blurring the boundaries between 
school subjects. This integrating agent amalgamates the separate school subjects into 
a meaningful unity for the students. Inquiry- and problem-based education, for example, 
encompass promising pedagogical approaches that can provide agents to integrate dis-
ciplines (Webber & Miller, 2016).

An often used way to integrate S&T and mathematics education is to harvest on a 
common ground of the school subjects, that is: experimenting and engaging in inquiry 
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(Berlin & Hillen, 1994; Kurt & Pehlivan, 2013; Munier & Merle, 2009; So, 2013). Educa-
tional approaches to achieve this come in different forms and use different words and 
definitions, such as “inquiry-based science learning”, “problem-based learning” and “proj-
ect-based learning” (Dobber, Zwart, Tanis, & van Oers, 2017). They typically challenge 
students to take part in real-world investigations and are in essence “a student-centered, 
active learning approach focusing on questioning, critical thinking, and problem solving” 
(Barron & Darling-Hammond, 2008, p. 11). Such learning is an active constructivist process 
where learners are stimulated to investigate a certain problem space and interpret their 
experiences. This process resembles what scientists do and is often represented as a set 
of steps in the form of an empirical cycle. “Students describe objects and events, ask ques-
tions, construct explanations, test those explanations against current scientific knowledge 
and communicate their ideas to others. They identify their assumptions, use critical and 
logical thinking, and consider alternative explanations” (National Research Council, 1996, 
p. 2). Inquiry-based science learning is believed to be a suitable way to connect science and 
mathematics (Harlen, 2013) and is investigated in more detail in this chapter.

With respect to inquiry-based science learning (IBSL) Ireland and colleagues (2012, 2014) 
described three approaches in primary education: (1) the experience-centered, (2) the 
problem-centered and (3) the question-centered approach. In the experience-centered 
approach, teachers want to increase students’ enthusiasm and motivation through 
activities that have in common that they involve hands-on activities and stimulate stu-
dents’ senses. In a problem-centered approach, students address problems posed by 
the teacher. The students are engaged in activities that stimulate problem-solving com-
petences. In the question-centered approach teachers help students ask and answer 
research questions. The three approaches are considered to form a taxonomy, where the 
question-centered approach is considered to be the most comprehensive and advanced 
way of inquiry-based science learning (Ireland et al., 2012, 2014). 
 
In this chapter we follow the suggestion of Harlen (2013) that using inquiry in a manner 
that scientists use is suitable for integrated S&T and mathematics education. Inquiry based 
activities can be used to relate science and mathematics to everyday situations and objects 
and could stimulate students’ interest (Harlen, 2013). Doing inquiry provides a meaningful 
context for the students and teachers. In the absence of traditional schoolbooks, inquiry 
creates opportunities to connect classroom activities into coherent lessons.  

Harlen (2013) describes the cyclic process of questioning, predicting, hypothesiz-
ing, collecting evidence and drawing conclusions. This approach to inquiry-based science 
learning is equivalent to the most comprehensive form of inquiry-based science learning, 
namely the question-centered approach of Ireland and colleagues (2012, 2014). From 
now on this integrating agent is called “the question-centered agent”. Hence, in the study 
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described in this chapter, students work on problems and do experiments in a way that 
resembles what scientists do to answer a research question. When using this approach 
for inquiry-based science learning, the procedural domain described by Van Uum and 
colleagues (2016) is of critical importance. For primary S&T education, they outlined four 
domains that inquiry-based science learning could direct learning processes to: (1) factual 
knowledge and conceptual understanding regarding the topic of the investigation; (2) 
epistemic knowledge, that is, knowledge of the nature of science and the way scientific 
knowledge is created; (3) social competencies, such as skills for exploratory talk, critically 
reviewing each other’s work and communicating and collaborating; and (4) procedural 
knowledge that addresses the systematic steps involved in science and relevant skills for 
taking these steps, such as formulating a sound research question, measuring precisely 
and drawing conclusions based on the results.

According to Alake-Tuenter and colleagues (Alake-Tuenter et al., 2012), in order to facilitate 
students’ inquiry-based science learning, teachers have three needs. They need subject 
matter knowledge – in our case, knowledge that comes from the domains of S&T and math-
ematics. This comprises knowledge of facts and concepts as well as an understanding of 
scientific inquiry skills (procedural knowledge). Second, they need knowledge about teaching 
pedagogies related to inquiry-based learning, which includes the ability to plan and prepare 
lessons, to scaffold (facilitate inquiry-based science learning activities in classroom) and 
to evaluate and assess S&T learning outcomes and whether there is a positive attitude 
towards S&T education. Third, they need understanding of what S&T is and self-efficacy with 
respect to teaching S&T. Implementing integrated activities by using a question-centered 
integrating agent requires teachers to be sufficiently competent in order to meet the 
constraints. This study aims to reveal how teachers perform in this respect, and how their 
performance relates to the input that, according to the findings in chapter 3, is necessary 
for achieving results with an interdisciplinary approach, such as sustained facilities at 
school level, professional development, teacher commitment and teacher support. 

It is our aim to uncover more precisely what kind of constraints teachers themselves 
experience and report while implementing interdisciplinary S&T curricula. We can now 
describe this aim more precisely as a research question: What are the constraints put on 
primary education teachers when implementing an interdisciplinary lesson series of S&T and 
mathematics by using a question-centered integrating agent? 
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4.3 Method

To identify the constraints encountered by teachers, we adapted materials designed by 
Van Galen and Gravemeijer (Van Galen & Gravemeijer, 2010; Van Galen, Gravemeijer, 
Van Mulken, & Quant, 2012) into a lesson series on the concept of “speed”. Its content is 
described in the next paragraph and was presented to the participating teachers of grade 
6 classes in the form of a teacher guide. Three female and one male teacher volunteered 
to participate. All had teaching experience of between two and four years. A total of 73 
students of average characteristics, such as socioeconomic background, participated. 

The teachers had one startup meeting together with the author of this dissertation. 
The lessons were tailor-made to each teacher’s time-schedule and organization. Each 
teacher had an individual meeting with the researcher before and after every activity. 
During these meetings a teacher’s guide developed by the researcher was discussed. The 
guide contained a so-called local instruction theory that encompassed “the description 
of, and rationale for, the envisioned learning route” (Gravemeijer, 2004, p. 107). The local 
instruction theory described the educational activities in relation to the desired learning 
outcomes. All materials were provided by the researcher. No other changes were made 
to the teaching situations and teaching conditions. For example, no extra teaching time 
was reserved in the timetable, the lessons took place in the usual classroom and teachers 
were not facilitated or compensated for additional preparation.

Audio and/or video recordings of all lessons and meetings were made by the researcher 
and transformed into field notes. After each lesson, debriefing interviews with the teach-
ers were held by the researcher, where the educational process, the experiences of the 
teachers and the learning results were discussed. Supplementary documentation, such 
as teacher preparation notes, student output and the results of a conceptual quiz were 
gathered. Pre- and post-lesson interviews with the teacher and classroom instructions 
were fully transcribed. 

All transcribed documents were uploaded into the software program Atlas.ti 6.0 
(Friese, 2011). Analysis was performed by defining and tagging episodes in the uploaded 
documents and focused on issues that seemed critical to implementation. These were 
compared to other lessons and comparable situations in order to detect patterns or 
emerging themes with respect to teaching constraints. We focused on patterns that indi-
cated that the situation required content knowledge, procedural knowledge, scaffolding 
skills and a specific conception of S&T teaching. The researcher searched the data sys-
tematically for incidents that could indicate constraints, such as feelings of dissatisfaction, 
doubts, challenges, misrepresented content, poor choice of words or feeling that they 
“goofed” at one point or another. For example, a teacher stated: “Most children were 
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solving a problem instead of figuring out a way of measuring. I tried to get them in the 
right direction, but I found that to be difficult”. This statement indicates that the teachers 
struggled with something (a constraint) and that segment was tagged and compared to 
other segments in order to identify and categorize the constraints. Episodes that appeared 
to reveal difficulties occurring during the lessons were grouped thematically to form pro-
visional indicators of constraints and criteria that teachers were unable to meet. These 
were discussed in the research team leading to conjectures for constraints. The next step 
was to go back to all data and systematically re-screen the entire body of data to look 
for confirmation or refutation of the conjectures. This process of data analysis led to the 
identification of constraints that will be discussed subsequently. 

Analyzing the data in this manner is a variant of Glaser and Strauss’s (1967) constant 
comparative method. In this method, theory development is grounded in data collection 
and analysis (see also Cobb & Whitenack, 1996). This process converts local findings into 
a paradigm case that may hold for classrooms more generally.
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4.4 Content of the lesson series

The lesson series focused on interdisciplinary integration of mathematics and S&T. That 
is, both learning goals and learning activities were fully integrated in combined lessons. 
We discussed this with primary school teachers (see the next section on Methods). In this 
paragraph, we concentrate on the content of the lessons. Since the lesson series main 
topic was “speed”, we will call them simply the speed lessons. For a good understanding, 
in physics, “speed” is the scalar component of “velocity”, referring to the magnitude of the 
change of position and not to its direction. 

The learning goals of the lessons focused on the conceptual understanding of speed and 
the graphical representation of speed, as well as on the skills and attitudes for performing 
an experiment. So both procedural knowledge and conceptual knowledge were attained.

The four learning goals of the lessons are: 
1. Students understand that to measure speed, both distance (change of position) and 

time need to be measured. 
2. Students understand that speed can be graphically represented by indicating the 

distance covered over a constant time interval. 
3. Students are able to perform a question-based inquiry on measuring speed by setting 

up an experiment and collecting and analyzing data in an adequate way. 
4. Students’ interest in and motivation for S&T is enhanced. 

The speed lessons comprised four main activities (Table 4.1).

Table 4.1
Overview of the activities in “Speed Lesson”

Activity Content of the activity

1 Preparing the stage for investigating a speed problem with a video. 

2 Exploring what is important for investigating “speed”.

3 Measuring speed of toy cars on a paper strip (figure 4.1).

4 Transforming measurements on paper strips into a distance-time graph (figure 4.2).

Activity 1 Preparing the stage 
Students and teacher observe the traffic near their school. The students are asked to 
pay attention to the speed of the vehicles. Subsequently, the teacher tells the students 
a story of imaginary school X in another part of the country were a girl was hit by a car 
while walking to school. The teachers talk with the students about their experiences with 
traffic accidents and the observed speed near their own school. This discussion revolves 
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around the case of “school X”. The students of school X wanted to find out if the cars near 
their school were exceeding the speed limits. To do so the students of school X made 
a video of the traffic that was passing by. The teachers show this video to the students 
and ask the students to help solve the problem of the students of school X by conducting 
their own experiment. The students are invited to discuss possibilities to measure the 
cars’ speed in small groups.

This activity is a relevant and familiar context for the students, and therefore is 
assumed to engage the students in the problem that leads to the inquiry-based learning 
activities. Prior knowledge is expected to become activated and students’ existing concepts 
of speed are made explicit and thus transparent for the teacher. 

Activity 2: Exploring what is important for measuring speed
At the start of this activity a second video is shown, showing a street near school X were 
traffic passes. The students are told that the first car that passes has a speed of 30 km/h. 
The children are then invited to estimate qualitatively which of the other cars is driving faster 
(or slower) than the first car. Then, the students are asked how they can quantitatively mea-
sure which cars are slower or faster. In groups the students came up with their own plans. 

The expectation is that students come up with plans to measure the time it takes for 
cars to travel from left to right on the screen. If so, the teacher discusses with the students 
that this is a very useful suggestion, but adds a new problem, namely that not all cars drive 
with constant speed during passing. How can this be taken into account?

Alternatively, students may come up with the idea of measuring the distance a car 
travels in a certain period of time, say one second. If this way of measuring is not spon-
taneously suggested by the students, the teacher will suggest this procedure. Students 
and teachers discuss the possibilities and limitations of both methods. Subsequently, the 
students watch a third video. In this video a green bar at the bottom of the screen appears 
when a car drives by. Every second that passes is marked (much akin to a ticker-timer). 
Students can infer that the length of the green bar is helpful for measuring the speed; a 
longer bar means a higher speed. 

During this activity students actually make plans for a simple scientific experiment. 
Furthermore, the students may have recognized that the speed of a vehicle can vary from 
moment to moment and that this makes measuring speed differences more difficult. 
Students should have become aware that for an accurate and reliable judgment, it is 
important to measure quantitatively rather than to guess. Students should also have con-
cluded that both time and distance are important for establishing the speed of a vehicle, 
and that an easy comparison of speeds requires that either the distance covered, or the 
time elapsed should be kept the same for both cars.
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Activity 3: Experiment with toy cars traveling along a paper strip
During the third activity the students are challenged to measure the speed of toy cars. 
The teacher shows the students materials such as a toy car, paper strips and a 5-second 
“ticker timer” and demonstrates its use. The students then work in groups to develop a 
plan to measure the car’s speed. All ideas are discussed for pros and cons in the subse-
quent plenary exchange of ideas.

The teacher urges all groups to use the ticker-timer in the same way. Each group of 
students is given a different toy car. All cars drive with a different but constant speed. The 
students roll out a paper strip on the floor of the classroom and let the car drive over this 
paper strip. Every five seconds they mark the position of the car. For each car that a group 
measures a separate paper strip is developed. 

During this activity, students encounter important characteristics of the procedures 
of science. Students improve their skills to make measurements correctly, for instance 
they have to mark each car the same way to prevent corrupt data, and for comparing 
the results. Students, it is expected, will realize that the distance covered varies while the 
time interval remains the same. As the car’s speed increases, the 5-second-marks on the 
paper strips are farther apart. 

Activity 4: Transforming measurements into a graph
In this last activity, the students are asked to compare their paper strips and find out 
which car is the fastest. The teacher focuses on what the students are able to deduce 
when concentrating on the distance between the marks on the paper strip. The students 
may have realized that for comparing the length of these parts it is convenient to cut the 
long paper strips at the marks and place the resulting fragments in respective order next 
to each other. The teacher focuses the students’ attention to the fact that the fragments 
will not all be of exactly the same length and discusses with the students possible expla-
nations before arriving at the most probable explanation, being measurement errors (in 
the case of constant speed). 

Some students, it is expected, will have developed ideas on what has happened with 
the speed of a car when a paper strip is double the size of the preceding strip. Incorpo-
rating this in the discussion, “distance per five seconds” is introduced as a measure for 
the speed of the toy cars. The students may have realized that the graph they constructed 
represents the speed of the car, and that without having seen the other cars perform, they 
can tell the story of the speed of each car on the basis of each graph. At the end of the 
activity, the students are challenged to draw a “paper strip graph” of a car with increasing 
and of a car of decreasing speed. This will be their first real bar graph.
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4.5 Results

In this section we present the six main constraints (see Table 4.2) we identified from 
analysis of the data and illustrate these with the qualitative descriptions and citations. 

Table 4.2
Constraints for teaching the question-centered inquiry approach

Teachers should be able to: 

1. understand, acquire and apply the relevant content knowledge

2. monitor and stimulate conceptual development

3. use correct terminology in explanations

4. connect to students’ thinking processes

5. engage students towards question-centered inquiry

6. focus students’ attention on the procedural domain of science

Constraint 1: Teachers should be able to understand, acquire and apply the relevant 
content knowledge
Supervising students who try to answer research questions requires a pedagogical reper-
toire with respect to scaffolding, which is rather independent of content. However, without 
some knowledge of the relevant phenomena and concepts, it is difficult to engage in dis-
course with the students. Since the content domain of science and technology is large, it 
is perhaps not necessary that teachers possess the content knowledge pertaining to the 
topic at hand through pre-service qualification, but then they should acquire the relevant 
content knowledge in their normal lesson preparation. If they do not have the relevant 
knowledge, we conjecture that their interaction with students in a question-centered 
approach will be less effective. The following vignettes illustrate this constraint.

For a successful implementation of the lesson series, the teachers need to have a suf-
ficiently deep understanding of the lesson content, that is, knowledge of speed. In this 
context, the researcher and the teachers discussed beforehand the importance for stu-
dents to be able to relate the 5-second marks on the paper strip to the traveled distance, 
in order to make a correct comparison of the car speed. These discussions revealed 
problems with content knowledge. 

For example, teacher A decided that during the lesson she would hang some paper strips 
on the wall to discuss them with the students. In discussing what questions she would ask, 
the researcher suggested telling the students that: 
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“Comparing speed of cars with the paper strips is possible when every segment of the 
strip represents the same…” Teacher A answered intuitively with “distance” and then 
corrected herself: ”Uh…time” (from preparation interview activity 4).

It was this mistake that also influenced the execution of the lesson. During activity 
4, teacher A hung four paper strips from four different cars on the wall, from shortest to 
longest. Then, the teacher compared the length of the strips without regarding the number 
of marks. The teacher did not notice this and discussed only the length of the strips with 
her students. Only after the observing researcher interrupted and asked the students 
how long each car drove the teacher realized that she had made false assumptions on 
the speed of the car, because she did not take into account the number of marks and 
thus the amount of time the cars had driven and only focused on the distance covered. 
Consequently, the learning process was disrupted from the start because the teacher had 
a poor understanding of the lesson’s content. In retrospect teacher A said: 

“Yes, I goofed already at the start […] hopefully I was able to correct that in the follow 
up. […] On paper the activity does not look hard, but when enacting it I found it very 
difficult” (interview after activity 4).

Such experiences may have initiated a learning process within the teachers. However, 
we found no indications that they tried to acquire knowledge on speed apart from the 
discussions with the researcher. 

In another example, the researcher and teacher D discussed the discourse of two students 
about a question that teacher D posed them. The question was: 

“How fast is the car when the paper strip is twice as long?” Teacher D realized that she 
had put the students on a wrong footing because this question did not make explicit 
that the number of marks on the paper strip is important too. She then added: “But 
that is only for the clever students” (interview after activity 1). 

Although the teacher understood the subject matter as such, she was not able to 
apply this effectively in the spur of the moment. 

In another classroom situation, teacher N made a mistake in the explanation of different 
graphs to students. When a student drew a time versus distance graph of a car with a 
constant speed the teacher incorrectly stated that the speed of the car was increasing 
while in fact the speed was constant. When talking about this in retrospect, teacher N 
was initially confused. 
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After the researcher explained it teacher N understood: 

“Ow … yes of course, that was a bad mistake! I was busy with making another point; this 
was something that should have been done later on in the lesson series. For now, this 
was not the learning goal and therefore I had a wrong focus” (interview after activity 4).

Teacher B experienced a similar problem using knowledge correctly while teaching: 

“It’s ambiguous, when we prepared this I thought okay, I want to achieve this, ask these 
sorts of questions, say that, […] but when the actual lesson starts you get sucked into 
it so much that you forget your intentions. […] I start wondering, did I introduce the 
activity in the right way? Did I ask the right questions? […] Maybe I need to think even 
harder beforehand” (interview after activity 1).

These vignettes show that the teachers themselves had not mastered the lesson 
series’ content in such a way that they were able to support the students’ learning process 
optimally and represent the physical and mathematical concepts in a correct manner. 

Constraint 2: Teachers should be able to monitor and stimulate conceptual development
Scientists try to understand phenomena through cleverly designed experiments. They 
have to conceptualize their experiences and come up with suggestions for how the con-
cepts underlying their experiences are related. In this case, investigating “speed” means 
relating “distance” and “time”. Research does not always find the ultimate answers, and 
students in a question-centered approach may also not find the best way to investi-
gate the phenomenon “speed”, but without a conceptual focus, experimenting becomes 
random trial and error. An important task for the teachers thus is to monitor the way stu-
dents conceptualize the phenomena at hand and to stimulate conceptual thinking about 
“speed”. When teachers are unable to monitor and stimulate conceptual development, 
students may miss opportunities for conceptual development, or, worse, may develop 
misconceptions.

With regard to the constraint of monitoring and stimulating conceptual development, 
teachers often said that they needed more experience and skills with monitoring students’ 
conceptual understanding during the lessons in order to better stimulate the conceptual 
understanding of speed. Teachers felt that they were not always able to identify students’ 
misconceptions as they occurred. For example, students thought that a short paper strip 
was from a faster car and a long paper strip was from a slower car (Figure 4.1). One of 
the students reasoned: 
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“Because this car is very fast, the distance that is covered is less than that of the other 
car” (activity 2). 

The teacher did not respond to this misinterpretation from the student.

From the video recordings, a similar misconception was found in another discussion 
regarding two paper strips. The upper strip was that of a slower car, the bottom strip of 
that of a faster car (Figure 4.1).

Student 1: “When the car goes faster, you can travel a longer distance; when you go 
slower it takes longer. So, that is why the bottom strip is longer”. Student 2: “No”. 
Student 1: “The upper strip is shorter than the bottom strip”. Teacher: “Yes, that is 
true: when you go faster you can travel a distance faster and when you go slower you 
can travel less distance”. Student 3: “But it depends on the time. The seconds are the 
same.” Student 1: “But it depends on the speed … if it … wait a minute, yes, … if the 
time is the same … that’s why the bottom one is faster than the upper one. When that’s 
five seconds, and the other one is five seconds as well…then the bottom one is faster” 
(activity 4, teacher N).

This conversation showed how difficult it is for students to reason about speed cor-
rectly. To consider both traveled distance and time simultaneously when reasoning about 
speed apparently was very complicated for them, even though the lesson plan anticipated 
on this expected difficulty. The teachers found it difficult to recognize and act upon these 
situations where students were struggling.

Figure 4.1. Paper strips of two different cars. Both cars drove for 20 seconds and every 5 seconds a mark 
was placed on the paper strip. Hence the longest paper strip is from the fastest car.

An accompanying problem was that the teachers did not always monitor students’ correct 
understanding adequately. For example, when the researcher and teacher A discussed 
the success of activity 3, the teacher thought most students had understood the concept 
of speed correctly. When the researcher showed the students’ worksheets it became 
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clear that some students were still struggling with visualizing speed in a correct manner. 
Teacher A reacted: 

“Okay, now I see this, it is clear to me what I need to pay attention to in the next activ-
ity […] These worksheets open my eyes to a problem that I did not notice during the 
activity” (interview after activity 3).

Talking about the ability to estimate whether the learning goals were met during 
activity 1, teacher B said: 

“I only know of a few students what they learned […] I cannot indicate this for every-
one. I guess I need more experience for that. But I do know that they were all actively 
participating.” To a certain degree she assessed the students’ needs correctly: “I did not 
plan to replay the video, but during the activity I noticed that it was necessary for some 
students to show it again.” (interview after activity 1)

Teacher D had similar experiences: 

“I’ll only know it for sure when I look at the students’ worksheets.” Teacher D explicitly 
mentioned that the teaching experience was overwhelming. This could add to the 
problem of monitoring and stimulating the students: “This is exhausting [...] My other 
lessons go more routinely, it takes less energy to give a normal lesson. [...] There is so 
much energy coming from the students and so many questions. You can only supervise 
one group at a time. So, it becomes messier” (interview after activity 2).

These vignettes show that the teachers struggled with monitoring the students’ con-
ceptual development during the lessons. They found it difficult to pick up difficulties from 
classroom conversations, to check signs of understanding from other materials such as 
students’ worksheets and to take into account students’ needs while at the same time 
delivering and managing a type of lessons that was relatively new to them. As a result, it 
was more difficult for them to effectively stimulate the conceptual development of students. 

Constraint 3: Teachers should be able to use correct terminology in explanations
Science is about sharing experiences and meanings. Words like “speed” may have a dif-
ferent meaning for different persons. So, we have to agree on definitions and strive for 
precise formulations. This is certainly important when drawing conclusions. In the ques-
tion-centered inquiry approach, the teacher needs to help students elaborate their life 
world terminology and connotations and pay attention to potential misunderstandings. 
The following vignettes show this is difficult for teachers.
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In several situations it was found to be difficult for the teachers to use terminology that 
supported the understanding of the concept of speed. Consequently, the students were 
sometimes disoriented in their learning process. Teacher B, for example, asked several 
times during activity 2: 

“You measured the speed, what else do you need to measure?” Instead, the teacher 
could better have said: “You measured the time, what else do you need to measure in 
order to determine the speed?” 

A similar situation was found in activity 2 for Teacher A. She did use the word “time” in 
the discourse with the students, but hardly used the word “distance”. In both situations, 
the relation between time and speed was not made explicit by the teacher. It was only 
at the end of activity 2 that Teacher D related time, distance and speed to each other: 

“Okay, so we saw two ways of measuring speed. Your way was to look at the distance 
and then see how long it took the car to travel that distance. The other way was shown 
in the movie, where every second a mark was made, and you could look at the distance 
between those marks” (activity 2).

Not – or incorrectly – relating the concepts of distance and time explicitly implied that 
the teachers did not optimally stimulate students reasoning skills. Striving for appropri-
ate terminology is important not only for correct conceptual understanding but also for 
creating the right mindset for doing research. In a situation where teachers and students 
looked back on the experiment about measuring the speed of the cars (activity 3), teacher 
N underestimated the importance of using the correct terminology. He asked for the dif-
ference in speed when pointing at the paper strips. However, when the students indicated 
they did not know, he explained that the difference in length, when the cars had traveled 
the same amount of time, says something about their speed. 

Another example of the use of unclear terminology is when teacher N asked the students 
to draw “a graph of a car” (activity 4). The students held multiple interpretations of what 
this assignment meant, which was reflected in their drawings. One student drew a paper 
strip with marks every 5 seconds, another student drew a line graph, and a third student 
drew a graph that resembled a bar-chart. Teacher N reflected on this and explained that 
he had intended to get drawings of loose paper strips in a vertical orientation, because 
that was the focus of this activity.

The researcher and Teacher B talked about the importance of using the correct termi-
nology when teaching about graphs. Teacher B used the words “graph” and “bar-chart” in 
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activity 3. When the researcher pointed out that what the students were drawing was in 
fact not a bar-chart and that it would be better not to use that word because of misun-
derstandings, she asked:

“Is that really such a problem?” The researcher replied: “But this is really not a bar-
chart. The next step is that the students understand that the length of the paper strips 
represents the distance covered and that it therefore represents a line graph that 
indicates the speed of the car at a certain moment in time.” Teacher B: “Okay, when 
the students call it a bar-chart, then I will say it looks like it, but it is not the same” 
(preparation interview activity 4).

The teacher seemed to think that it is a good thing when students identify something 
as a bar-chart when it looks like one. In this case it would have been better to clarify the 
conceptual difference between a line graph and a bar-chart to the students by using the 
correct and specific scientific terminology.

In classroom situations the teachers frequently used everyday language wordings such 
as “how to determine”, “how can the students of school X know the speed”, “how to find 
out”. Words that scientists would use in such discourse, such as “measuring”, “magnitude”, 
“duration”, were not used regularly. Apparently, students did not feel very challenged by 
these questions. Presumably, if the teachers had used more precise vocabulary, they 
could have challenged the students more to think in terms of critical experiments they 
could do themselves.

Constraint 4: Teachers should be able to connect to students’ thinking processes
In question-centered inquiry learning, it is to be expected that students will not be able 
to come up with the best ideas, experiments and formulation at the first instant. Their 
wordings will be tentative and show signs of the way they reason. Teachers are under 
constraint to pick up the cues and construct the apparent line of thinking and reasoning 
of the student in order to react effectively.

Several occasions and incidents indicated that neither of the participating teachers had a 
good understanding of students’ thinking and learning processes on speed and graphs. 

For example, in the classroom of teacher D, the students had to glue paper strips 
onto a larger paper sheet. Because the paper sheets were too small, the paper strip did 
not fit on the sheet. Therefore, when hanging the sheets on the white board the “graphs” 
displayed are “hanging bars” rather than “standing columns”. From the perspective of how 
speed develops over time this is “upside down” (Figure 4.2). When talking about this with 
the students, teacher D asked: 
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“What do we see here?” Student 1: “That the cars on the lowest row [of the sheets] are 
increasing their speed. And if you flip them you get a graph” (activity 4).

The teacher, however, ignored this second comment which revealed correct and 
comprehensive understanding. Moreover, she did not use this excellent opportunity to 
discuss with the students what a graph is in order to develop a better understanding of 
graphs and the conventions for drawing them. Besides, no attention was paid to the curls 
in the paper strips, although these completely disrupted the representation of the motion.
 

Figure 4.2. Photograph during activity 4. Paper strips cut in pieces of 5-second intervals. Upper row is of 
cars with a constant speed, lower row is of cars with an increasing speed.

 
Another example of a misinterpretation of a student’s thinking and learning happened in 
the classroom of Teacher B. The students predominately classified the speed of individual 
cars based on their paper strips as “slow”, “fast” or “moderate”. 

Teacher B: “These strips in the middle have almost the same length, so what is going 
on here?” Student 1: “The car has a moderate speed, it is not that fast compared to 
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neighboring graphs with longer strips”. Teacher B: “Yes, this car has a constant speed”. 
Without paying attention, the teacher thus replaced “moderate speed” with “constant 
speed” (activity 3).

Apparently, she followed her own chain of reasoning and was disconnected from what 
the student had in mind, running the risk of creating misconceptions. 

Discrepancies between teacher activities and students’ thinking processes thus seemed 
to occur in at least two ways: (1) due to missing clues in classroom conversations; and (2) 
due to sticking to their own thinking and reasoning processes.

Constraint 5: Teachers should be able to engage students towards question-centered 
inquiry 
Students in primary education in the Netherlands have little experience with inquiry-based 
approaches to science education. They are accustomed to clear assignments that may be 
“hands-on”, but which are often also “minds-off”. In question-centered inquiry teaching, 
the teacher is required to get students “minds-on” and make them think about questions, 
explanations, experiments, et cetera. This may not be so easy.

The observations revealed that students were almost always enthusiastic, were having fun, 
and – at the same time – were “time-on-task” and productive with the teaching materials. 
Nonetheless, students were not always focusing on answering the research question. 
Teacher B addressed this during the classroom discussion at the end of activity 2:

“How was the collaboration? Students all together: “Good!” Teacher B: “Why did it go 
right?” Student 1: “We were concentrating on our task and worked together really good 
[…].” Student 2: “Sometimes a little good, sometimes a little bad. Sometimes we worked 
more seriously than other times”. Teacher B: “Yes, I noticed that as well, sometimes 
there was a lot of giggling. Why was that? Didn’t you like doing this?” Students all 
together: “Yes we did!” Student 3: “But we wanted to have some fun as well”. Teacher 
B: “OK, I understand, it is fun to do. This is what I want from you for the next time, I 
do want you to achieve the learning goals, we are going to do some measurements 
and I want you all to achieve this goal. Having some fun is OK, but I want you all to 
achieve this” (activity 2).

In this discourse, no explication takes place of the research question or the accompa-
nying science inquiry procedures that are intended to be the driving forces of the learning 
process and the “agent” that will bind together the activities. Rather, this discourse is 
mostly on collaboration and fun, which is completely in accordance with a primary educa-



Chapter 4

116

tion classroom culture with respect to science education. The teacher is under constraint 
to develop the rationale for the activities from “having fun” and “learning to collaborate” 
towards “learning to do inquiry” and it can be doubted whether this is successful.

Although the teachers asked the students how they could measure the speed of the cars 
near their own school in order to monitor if an accident was likely to occur, the students 
picked up another rationale. Instead of recognizing a “research question”, namely how to 
measure speed, in all four classrooms, students set their minds on finding ways to solve 
the problem and to prevent speeding near school. To the students, the learning activities 
did not imply the procedural domain of science and the teacher was not able to redirect 
this. This can be illustrated by a vignette from the classroom of teacher D. 

Teacher D: “How can we see … what can we do to determine whether or not these cars 
go too fast? That’s the question!” Student 1: “Ask the police”. Teacher D: “But the children 
at that school want to do it themselves”. Student 2: “With a laser gun. …” Teacher D: 
“All good ideas. How we can find it out … but … shall we have a look at the video how 
those children did it?” (activity 1).

This vignette shows that teacher D was not immediately successful in creating a ques-
tion-based inquiry mindset with her students. Skipping to the next video left the students 
with the idea that “preventing speeding” is what it is all about. When asked to reflect on this 
episode during the retrospective interview, Teacher D’s first comment was about this topic:  

“Most children were solving a problem instead of figuring out a way of measuring. I 
tried to get them in the right direction, but I found that to be difficult” (interview after 
activity 1).

When discussing with teacher B that the students focused more on solving the context 
problem than on investigating and measuring, she said that she expected the students to 
come up with a longer list of possibilities of measuring the speed: 

“… during the activity I also thought, “so what”, let them take down these solutions as 
well, but then I decided to follow the lesson plan” (activity 2). 

This indicates that teacher B’s primary focus seemed not to be on stimulating the 
formulation of research questions and exploring the procedures of science, but more 
on stimulating collaboration and letting the students work together, as long as they were 
enthusiastic and producing something. 
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Difficulties in creating awareness of the learning goals and intentions of the lesson in order 
to focus the students towards a question-centered approach to inquiry were apparent in 
several teacher interviews. For example, Teacher A concluded at the end of the activities 
that the students were motivated, but not always in the right way. She stated that the stu-
dents liked the activities but were distracted due to the non-traditional classroom setting 
and that they were not using their textbooks.

“I think the students were more playful because they had no textbooks…handling it 
differently could have led to better learning goal attainment” (retrospective interview 
after all activities).

Teacher A elaborated on the problem: 

“The engagement of the children was okay. Engagement leads to reaching the goals of 
a lesson faster, but only when you make the students aware of the learning goals. Then 
the students will act more consciously. I think I didn’t do that enough” (retrospective 
interview after all activities).

Teacher B concluded: 

“When using the textbook in the mathematics lessons it is much easier. Then the stu-
dents know what is expected of them. … In the speed lessons this is not always the case, 
the students do not know why and what they are doing. … The students thought of it 
more as play time than as learning time. They enjoyed being out of their classrooms. 
Half of the students were doing a good job, but the other students were distracted and 
less focused on learning” (retrospective interview after all activities).

Apparently, being question- and goal-oriented is a key constraint in question-centered 
inquiry learning, since this was found to be difficult to establish in the observed classroom 
situations. This constraint illustrates why “interdisciplinary integration” is complicated. 
Interdisciplinary integration by definition requires that the individual subject-specific learn-
ing goals are abandoned and replaced by learning goals that transcend the textbook of 
mathematics. Without a very clear and explicit process towards establishing a research 
question, the students settle on solving ad hoc problems and enjoying the experience. 

Constraint 6: The teacher should be able to focus students’ attention on the procedural 
domain of science 
Developing a research question is just one of the key elements of the process of science. 
Finding a good answer to a research question is, of course, the ultimate reward, but teach-
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ers in the question-centered inquiry approach to science education are under constraint 
to focus students also on the development of skills, and not just for the skill of formulating 
questions but also for the other phases and stages, such as framing hypotheses, designing 
and conducting experiments, drawing conclusions from data, discussing and presenting 
the findings. This proved to be difficult for the teachers.

The students, however were not used to integrated inquiry-centered activities that were 
clearly different from the usual textbook-based math and S&T lessons. As a result, there 
was a heavy demand on the teacher’s ability to bring this across. In the startup interviews 
only Teacher A said she was familiar with inquiry-based science learning. The other three 
teachers indicated that they had some ideas but did not know exactly what it implied. 
Teacher A described inquiry-based science learning as follows: 

“Children look for answers themselves, tell them as little as possible and work student 
centered […] The children can investigate on their own […] You start with introducing 
a problem that inspires the students and they try to find solutions” (intake interview).

When asked for an example she explained that students should search for informa-
tion on internet and in books and present their findings in a report. The other teachers 
mentioned similar activities, such as students working together in finding things out from 
books and internet. This description ignored key characteristics of the procedural domain 
of science inquiry, such as fair and accurate experiments and measurements, or the use 
of S&T concepts and mathematical reasoning for framing hypotheses and explanations. Of 
course, the first thing a scientist would do is to check the existing literature, but answers 
to new questions simply cannot be found in there yet. 

In line with this, in the classrooms there was little systematic attention for the procedural 
skills of students, even though all the important steps in doing question-centered sci-
ence inquiry (asking a question, predicting, measuring, working accurately, observing and 
concluding) were stressed as important during the joint lesson planning sessions before 
the lessons started. The teachers did not apply this information in their classrooms when 
introducing the activities. When teacher D said: “I want you to be able to tell how we can 
use this video in solving our problem” (activity 1), she stressed the importance of solving a 
problem, but did not explicitly mention the importance of formulating a question, design-
ing experiments and measuring as a vital part of “solving the problem”. 

It was only after teacher D said that they had to use the video clip to find out the 
speed that the students were coming up with solutions that involved measuring time and 
distance.
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Student 1: “Measure how long it takes to get across [pointing at the video screen] … 
find out how much time it takes them to drive from left to right […] But you have to be 
very accurate, for example start the time when the cars drive by this tree” (activity 1).

This student showed good procedural insight into scientific measurement (repro-
ducible, accurate, model-related). Instead of focusing, for example on the importance of 
accuracy, and asking pointed questions to the students about why accurate measurement 
is important and how to do this, the teacher continued with yet another open question 
and in that way missed an opportunity to teach the procedures involved in good ques-
tion-centered science inquiry. 

The activities and materials stimulated students to do inquiry-based activities, but 
teachers had difficulty bringing this into a coherent, procedurally relevant science activity. 
For example, teacher N struggled with how to create the right mindset in his students: 

“I need to learn ... to know a lot to be able to teach this lesson. For instance, on how to 
approach such a complex lesson, which children to support […], how to support them, 
adapting my instruction, et cetera”. Researcher: “What would you do differently now?” 
Teacher N: “You notice that a lot of children find it very hard and do not know “What is 
my approach?”, “How am I going to do this?” “What should we be heading for?” […] This 
is completely new for them … what guidance do they need. [...] The students go through 
a process; I should have guided them and stimulated a more persevering attitude. […] 
You want the children to perform a short experiment. But when students give up easily 
they do not engage in these procedures of inquiry. And when I talk about it at the end 
of the lesson the students still do not understand and are thinking “what is the teacher 
talking about”. I could have focused more on that during the activity. However, for me 
as a teacher it is almost undoable to guide all the groups. It is too demanding. I am 
losing my overview” (interview after activity 1).

Teacher N clearly experienced that his students did not yet know the procedures and 
processes of question-centered science inquiry. And, he did not yet know how to create 
this culture of inquiry and facilitate its procedures, which left him uncertain about how 
to act. 

From a pedagogical perspective, a question-centered inquiry focusing on the procedures 
of science was supposed to be the heart of the lesson series. This was clearly not com-
pletely accomplished in the observed situations. The teachers indicated in the interviews 
that they considered “asking open ended questions” and “letting students answer as many 
questions as possible without helping them” were the two most important means of 
creating inquiry learning activities. During the lessons, the teachers sometimes did the 
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latter to the extreme. The teachers often tried to get their students to answer a question 
that they could have solved only with the teachers’ help. Moreover, instead of focusing on 
the procedures of science, the teachers seemed to focus more on good classroom man-
agement and having active and cooperative students than on inquiry-centered science 
learning. For example, while the goal was to stimulate students to carry out all steps of a 
question-centered inquiry process, at the end of the lesson all teachers focused on the 
cooperative process as if this were the most important rationale for the lesson series (e.g. 
active participation, no social tensions, collaboration, enthusiasm, …). 
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4.6 Discussion

The aim of this study is to develop a more robust understanding (cf. Bradbury, 2013) of 
what it takes to implement interdisciplinary integration of S&T and math in primary edu-
cation, using a question-based inquiry agent. We created a lesson series that appeared 
to be very difficult for teachers to execute. The general picture was that of a struggle to 
overcome various difficulties. However, analyzing these difficulties allowed us to define six 
constraints that challenge teachers to implement such lessons. We now reflect on these 
findings and discuss the relevance for primary education. 
 
The constraints identified in this study clearly are in line with the theoretical considerations 
presented earlier in this chapter, teachers. Teachers need content knowledge, they need 
to have a repertoire of teaching pedagogies (from direct instruction to scaffolding) and 
they need to have a clear concept of inquiry and the procedural knowledge required for 
inquiry (cf. Alake-Tuenter et al., 2012; Van Uum et al., 2016) 

With respect to content knowledge, implementing interdisciplinary integration is clearly 
demanding. In a middle school study, Watanabe and Huntley (1998) reported limited con-
tent knowledge by teachers as a barrier to integration. This study found similar results for 
primary education. It is clear that without the possession of, or the ability to, acquire and 
apply relevant content knowledge (constraint 1) it is difficult to discuss new phenomena, 
experiments and findings in a correct manner with the students. Furthermore, teach-
ers’ lack of content knowledge made it harder for them to guide the students’ learning 
processes towards conceptual development (constraint 2), connect to students’ thinking 
processes (constraint 4) and to apply correct terminology (constraint 3) in their lessons. 

With respect to the teaching repertoire, it is important that teacher have well-developed 
teaching pedagogies to stimulate students’ curiosity and inquiry attitude and explain the 
rationale of the lessons. Otherwise, low enthusiasm for S&T could result when students 
participate in inquiry-based learning (cf. Dejonckheere, Van de Keere, Tallir, & Vervaet, 
2013). In concordance with Potvin and Hasni (2014) we found that teachers were able to 
motivate students through the realistic problems and authentic context. Their repertoire 
enabled them, more or less, to manage open, hands-on, collaborative activities and pro-
voke students’ interest and curiosity. However, they struggled to transform these activities 
from “fun” and “learning to cooperate” (cf. van Oers, 2015) to “learning to do inquiry”. 
Teachers lacked sufficient skills and experience to help students with their thinking pro-
cesses (constraint 4) and their conceptual development (constraint 2) in an open inquiry 
space. In line with Harlow (2010), we think that teachers should be able to improvise, but 
the teachers in our study were often overwhelmed by enthusiastic but clueless students 
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and multifaceted teaching activities. Improvising on the spot proved very difficult and 
these teacher experiences illustrate the complexity of subject-specific teaching pedago-
gies (Appleton, 2008). Engaging students in activities is not enough and is no guarantee 
for achieving conceptual and procedural understanding.

With respect to understanding and appreciating the procedural knowledge of science, 
teachers clearly lacked the experience and terminology (constraint 3) to guide the students 
through a process that encompasses questions, hypotheses, experiments, measuring, 
drawing conclusions from data and critical reflection (constraint 5 and 6). All participating 
teachers indicated that they wanted to give lessons in which they encouraged students 
to find their own answers instead of giving textbook lessons. We conjecture that this is 
synonymous to them with inquiry-based science learning. This conception is probably in 
line with very general, non-content-specific inquiry-based teaching pedagogies (Barron 
& Darling-Hammond, 2008), but it is not precise enough to underpin question-centered 
science learning. Teachers need a far more comprehensive conception of what ques-
tion-centered science inquiry (Harlen, 2013; Ireland et al., 2012, 2014) is. 

In retrospect, the teachers recognized several of these challenges, but seeing the prob-
lems in real time and acting upon them is much harder. This is in line with the theory on 
integration elaborated in chapter 3, namely, that higher levels of integration come with 
a higher need of input, such as teacher support. Although mathematics and science are 
part of the curriculum in Dutch pre-service teacher education, teachers in general remain 
non-specialists and do not acquire much domain knowledge of science or mathematics. 
In this study, they apparently did not receive sufficient support with this.
 
Interdisciplinary integration requires that different school subjects are embedded within 
one new context. We had expected that integrating science with mathematics would 
be relatively easy, since mathematical procedures such as quantification and calculating 
are very common in science. However, the integration proved difficult to the teachers. 
We conjecture that this could be related to the nature of mathematics teaching in the 
Netherlands. Mathematics is taught with the help of textbooks and teacher-directed, 
paper-and-pencil assignments that have little resemblance to open inquiry. Teachers and 
students apparently did not recognize the activities in the lesson series as a way to do 
mathematics. 
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4.7 Implications

Based on the results, some implications for practice can be suggested. The constraints 
on teachers while implementing the speed lessons proved manifold. It would be valuable 
to translate these constraints into a professional development program or into pre-ser-
vice teacher education and try to improve procedural and content knowledge and the 
pedagogical repertoire. However, large-scale professional development is costly and time 
consuming.

Another implication could be to focus on less demanding levels of integration, such as 
nested or multidisciplinary integration (chapter 3). Starting off with a less complex level 
of integration than interdisciplinary integration and building up the complexity over time 
could possibly improve teachers self-efficacy (Kiray, 2012) and increase the chances for 
successfully implementing integrated curricula. We also found that integration with mathe-
matics was more complicated than expected. Future research could therefore investigate 
the integration of S&T with other school subjects. 
 
It may be concluded that integration at the interdisciplinary level is too demanding for 
teachers to implement without considerable effort and support. However, the lack of 
success may also be due to the integrating agent chosen, rather than to the level of 
integration. The question-centered inquiry integrating agent relies on the question-centered 
approach of inquiry learning (Ireland et al., 2012, 2014) and emphasizes the procedural 
domain of science (Van Uum et al., 2016). Students have to formulate and answer a research 
question through a series of steps according to the scientific standards. This was new to 
them and their teachers as well. Perhaps, it is the question-centered agent itself that is too 
complicated to establish integration in primary education classrooms, since it constrains 
primary education teachers too much. Even secondary school STEM teachers with degrees 
in science struggle with implementing “authentic scientific inquiry” (Kock, Taconis, Bolhuis, 
& Gravemeijer, 2013). Primary education teachers are non-specialists in S&T and have no 
experience with scientific research. 

It appears that primary education culture has a somewhat broader educational focus 
on students working together and activating students’ interests and sense making (van 
Oers, 2015). In primary education culture, students’ active participation is often taken as 
a sure sign of learning. In principle, all content-related activities are believed to lead to 
relevant learning. But for inquiry-based science learning, this is not true. Learning activities 
in science inquiry need to follow standardized science procedures and hence students 
being engaged is not a guarantee at all that for success of the scientific procedures being 
attempted, performed, understood or completed. So, in science inquiry, student activity 
cannot be taken as a sign of effective learning. This requires teachers who know science, 
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can value student activities, can guide students effectively, understand the science edu-
cational culture, and are able to create this within the primary school context. Hence, 
focusing on the procedural domain of science, as in question-based inquiry learning, is 
probably unsuitable for teachers who do have ample experience with this. It seems that 
for primary education we are in need of other integrating agents for realizing the more 
complex levels of integration. Maybe an agent that focuses more on the social domain of 
science (Van Uum et al., 2016) fits better with the primary education culture. 

In the Netherlands, surveys reveal that only half of the teachers sometimes use inqui-
ry-based activities to support S&T learning (Kneepkens et al., 2011), and that only 5% 
of the students experience all the steps in the empirical cycle (Meelissen et al., 2012). 
Clearly, there is a correlation between the incidence of this form of inquiry education and 
its difficulty for teachers. In order to successfully use a question-centered inquiry agent in 
their classrooms, we conjecture that teachers need extensive support and professional 
development. Before drawing the conclusion that this support should be provided, it may 
be wise to investigate a different agent that may also achieve interdisciplinary integration 
but does not constrain teachers too much. This alternative could be the experience-centered 
approach to inquiry (Ireland et al., 2012, 2014). Experiences may work as an integrating 
agent in a storyline approach, where a meaningful context is created that allows students 
to elaborate their own solutions to problems posed in a story (Steve Bell, Harkness, & 
White, 2007; Mitchell-Barrett, 2010). Another approach described by Ireland and col-
leagues (2012, 2014) is the problem-centered approach. This entails students exploring 
self-generated questions originating from a real-world problem (M. Zhang, Parker, Eber-
hardt, & Passalacqua, 2011). 

So, although inquiry-based science learning is often presented as the logical choice 
for merging S&T and mathematics (Harlen, 2013; Kurt & Pehlivan, 2013; Temel & Durmus, 
2013), our study indicates that this may not be the best choice in primary education. The 
approach may be too demanding, at least without extensive support. As teacher N put it: 
“I think it is highly valuable for the students […] However, if a teacher finds it too difficult 
to implement, the students won’t learn”. 
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4.8 Limitations

The findings presented in this chapter have some limitations. First, only four primary 
education teachers were involved in the experimental lesson series. These teachers par-
ticipated voluntarily and wanted to develop their inquiry-based learning teaching skills. It is 
quite likely that their attitude towards inquiry-based science learning is more positive than 
average (Morrison, 2012). Also, they were not highly experienced and had not received 
post-service S&T training. It could be that including more teachers, especially teachers 
who are more reluctant and teachers who are experienced, would have revealed other 
constraints. 

A second limitation is that this was the first time that the teachers taught these les-
sons. Although the teachers had elaborate preparation sessions with the researcher, all 
materials were new to the teachers. Perhaps teachers would perform better in a next cycle 
of the same lesson series. We are, however, confident that the constraints we found are 
relevant for a larger proportion of primary teachers. 

A third limitation is the role of the researcher, especially the presence of the researcher 
in the classroom. This may have influenced the classroom group dynamics. 
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Abstract

Curriculum integration could be beneficial for strengthening science and technology in 
primary schools. There are several levels of integration, each with their own characteris-
tics. Implementing the more complex levels of integration requires an integrating agent. 
Inquiry-based science learning seems an obvious choice as an agent for integrating school 
subjects. In a previous study, an experiment with question-centered inquiry as an integrat-
ing agent resulted in many constraints difficult to meet by primary teachers (chapter 4 of 
this dissertation). In the present study, an experience-centered approach to inquiry-based 
science learning in the form of a storyline about the voyages of Darwin with the Beagle was 
tested as integrating agent in an exploratory study with three teachers of three different 
primary schools. Results indicated fewer problems. Most of the constraints reported in 
the previous study (chapter 4) could be met by the teachers. Two constraints still resulted 
in problems with achieving the objectives of the lessons: (1) having or acquiring sufficient 
(pedagogical) content knowledge; (2) monitoring and stimulating conceptual develop-
ment. One new constraint concerning “learning goal orientation” was found. The teachers 
struggled to formulate learning goals by themselves and to connect the learning goals of 
the integrated lessons to national standards (the so-called “core objectives” of primary 
education in the Netherlands) and their traditional textbooks. Positive outcomes were 
also found. Many outcomes expected from high-level integration were also found, such 
as contribution to the development of important generic skill (often called “21st-century 
skills”), high involvement of teachers and students and more time spent on science and 
technology.
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5.1 Rationale

Successful implementation of curricula that combine science and technology with other 
school subjects is an approach that strengthens Science & Technology (S&T) in primary 
education and stimulates competences relating to 21st-century skills (chapter 3). This 
would be beneficial for citizens who are surrounded by technology as well as for society 
that calls for more employees in professions where technology and science play an import-
ant role (Rocard et al., 2007; Science and Technology Advisory Council, 2014; Techniekpact, 
2013). The aim of this chapter is to explore what constraints teachers encounter and what 
kind of support and other input schools need when implementing integration by means 
of a storyline approach in the classroom, and what outcomes are possible. 

In chapter 4 of this dissertation, several issues arose during complex integration of S&T 
with mathematics. For example, mathematics proved to be a complex domain for teachers 
to use as an integration partner with S&T. But most importantly, teachers struggled with 
the way the school subjects were forged into one coherent lesson series, namely by using 
a question-centered approach to inquiry learning that emphasized the procedural domain 
of science knowledge. In complex levels of integration, such as interdisciplinary integration, 
activities, time and learning goals are shared between different school subjects (chapter 3). 
As a result, disciplinary boundaries are crossed, or the identities of the integrated school 
subjects become less recognizable or may disappear. In higher levels of integration, the 
original disciplines are no longer explicitly recognizable in the lesson activities; therefore, 
there is a need to create a coherent, logical and legitimate unity. The manner or form 
in which the merged school subjects gain a new combined identity is referred to as an 
integrating agent. It is the glue or envelope that binds the school subjects together in such 
a manner that students and teachers recognize it as a useful and purposeful unity, com-
prising the combined learning goals and activities. 

Inquiry-based pedagogies create opportunities to integrate all sorts of subject matter 
(Webber & Miller, 2016). In addition, they can stimulate students’ critical thinking (Dobber 
& van Oers, 2015). In S&T lessons inquiry-based science learning is a common form of 
inquiry-based education (Dobber et al., 2017). Inquiry-based science learning can entail 
different forms and aspects (Ireland et al., 2012, 2014) and can relate to different domains 
of scientific knowledge (Van Uum et al., 2016).

The inquiry-based science learning approach used in chapter 4 focused on a ques-
tion-centered approach to inquiry learning that emphasized the procedural domain of science 
knowledge (further called “the question-centered integrating agent”). It has rather strict 
procedures and steps derived from the empirical cycle of inquiry, such as formulating a 
research question and drawing conclusions to answer that specific question (Van Uum et 
al., 2016). The outcomes showed that this specific approach to inquiry-based learning as 
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an agent resulted in a large number of demands put on teachers. The study described in 
chapter 4 indicated that it is very difficult for ordinary primary school teachers to imple-
ment a question-centered approach in their lessons, at least without much support. For 
example, teachers struggled with directing students’ engagement towards the procedural 
domain of science. 

Integrating S&T in the primary school curriculum might be easier for teachers with 
another integrating agent, for example one that employs a different focus on inquiry-based 
science learning. Focusing more on an experience-centered approach to inquiry learning 
(Ireland et al., 2012, 2014) that emphasizes the social domain of science knowledge (Van 
Uum et al., 2016) might better suit the primary school context and culture. This expe-
rience-centered approach to inquiry-based learning that stimulates the social domain 
of science knowledge (further called “the experience-centered integrating agent”) would 
involve hands-on activities that stimulate students’ sensory perception, and lead to collab-
orating, explaining, discussing, scientific reasoning and creating shared meaning (Ireland 
et al., 2014; Van Uum et al., 2016). Involving students in such processes could be less 
demanding for the teachers while still serving the purpose of active engagement in and 
motivating students for S&T. 

In the present chapter, the storyline approach (Steve Bell et al., 2007) is used as an inte-
grating agent for integrating science, technology, geography and history. The storyline 
approach does not focus on developing the skills for all the specific steps of the empirical 
cycle of inquiry. Instead, it stimulates experience-centered inquiry learning (Ireland et al., 
2014). The storyline approach focuses on shared meaning making that capitalizes on the 
social interactions between students and between students and teachers. These social 
processes are a daily practice in primary school and connect to the social domain of sci-
entific knowledge (Van Uum et al., 2016). Hence, it is expected that using this integrating 
agent is less demanding for teachers than having the students perform question-centered 
inquiry in the classroom. The study presented in this chapter will investigate whether 
this is indeed the case, by mapping constraints and outcomes that teachers report while 
implementing an integrated lesson series in primary education.
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5.2 Background

Curriculum integration has been around for a long time and several approaches and levels 
of integration have been described (Czerniak, 2007; Wraga, 1996). The review in chapter 
3 (Gresnigt et al., 2014), focusing on S&T integration with mathematics and language 
education in primary education, (re)defined approaches to integration for the primary 
school context. In complex levels to integration the integrated school subjects share char-
acteristics, such as time in the lesson schedule, learning goals and lesson activities. Such 
levels of integration are less dependent on the original school subject and the integrated 
teaching is forged into a recognizable and meaningful compound of integrated content, 
recognizable for both teachers and students. 

The lesson series comprised several activities. Activities can have different educational 
characteristics from the point of view of the complexity levels of integration. The lesson 
series in this chapter comprised several activities that have the educational characteristics 
of interdisciplinary integration. In interdisciplinary integration, any reference to individual 
school subjects has disappeared and the learning goals are defined across disciplines. 
Skills and concepts related to the themes transcend school subject-specific skills and 
knowledge. These levels of integration need an integrating agent to amalgamate the sep-
arate domains into one teaching unit. In this study, the storyline approach is used as the 
integrating agent. 

Chapter 3 indicated that every level of integration is related to a certain output (such as 
learning outcomes of students and teachers) and input factors (that are necessary to 
achieve success). Interdisciplinary integration is more likely to result in higher-order skills 
and knowledge outcomes. But such higher levels also require more knowledge, teaching 
skills, professional support, effort and commitment. The potential positive outcomes of 
these complex levels of integration are (chapter 3): (1) increased 21st-century skills, such 
as an investigative and problem-solving attitude, the use of symbols and modeling, cate-
gorizing and interpreting data, higher-order thinking skills; (2) positive student attitudes 
towards the curriculum, e.g. motivation and appreciation of S&T, active engagement in 
learning activities, curiosity and excitement; (3) increased teacher enthusiasm and com-
mitment; and (4) more time spent on S&T. 

Implementing integration also puts constraints on the teacher. In general, teachers will 
have to acquire content knowledge about the school subject(s) involved in the integration, 
about how to integrate, about the resulting lessons and the teaching pedagogies (Honey et 
al., 2014). The classroom experiment described in chapter 4 of this dissertation indicated 
that teachers are faced with six constraints (Table 5.1). 
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Table 5.1
Constraints for teaching the question-centered inquiry approach

Teachers should be able to: 

1. understand, acquire and apply the relevant content knowledge

2. monitor and stimulate conceptual development

3. use correct terminology in explanations

4. connect to students’ thinking processes

5. engage students towards question-centered inquiry

6. focus students’ attention on the procedural domain of science

The constraints the teachers struggled with appeared to be related to content knowledge, 
pedagogical repertoire and knowledge and skills related to the procedural domain of 
science. Primary education teachers have limited background knowledge, confidence, 
efficacy towards teaching the school subjects of S&T and mathematics (Nadelson et al., 
2013), and they report that mathematics and S&T are their least favorite school subjects 
to teach (Wilkins, 2009). Hence, integrating mathematics and S&T will be challenging (Berlin 
& White, 2012), irrespective of the level of integration. It would be interesting to investigate 
whether integrating S&T with other primary school subjects such as history and geography 
is less demanding for teachers. Primary school teachers in the Netherlands are moderately 
positive regarding their self-efficacy in this respect, for example concerning geography 
teaching (Bent, 2016).

Many of the constraints in Table 5.1 seemed to be related to the teaching pedagogies 
and attitude that a teacher needs for using a question-centered integrating agent. Teachers 
found it difficult to stimulate students to follow the steps and activities that are associated 
with the empirical cycle and struggled with engaging the students in answering a research 
question. Possibly the culture of procedural scientific inquiry did not match the primary 
education culture, where shared meaning making and the social aspects of science learn-
ing are more normal. It was concluded that the integrating agent chosen may itself be an 
obstacle for realizing integrated education. 

The present study aims at strengthening S&T education in primary school through interdis-
ciplinary integration by using another integrating agent in the field of inquiry-based science 
learning, which allows for a similar level of integration. From a theoretical perspective, this 
study aims to provide further insight into what input (such as teacher support) and what 
(teacher and student) outcomes result from integrating S&T in other school subjects. As 
such, it is expected that roughly the same higher-order learning outcomes occur, but much 
less constraints will be put on teachers, resulting in a more effective way of promoting S&T. 
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Various authors have explored the potential of S&T inquiry stories for primary education. 
Anastasiou, Kostaras, Kyritsis, and Kostaras (2015) argued that the implementation of 
S&T in primary schools by teachers who often have limited knowledge of S&T teaching 
can be stimulated by using storytelling as a teaching approach that stimulates children’s 
curiosity and imagination. Klassen (Klassen, 2009, 2010) found that telling S&T stories in 
the classroom could have several benefits, including making concepts more memorable 
for students, stimulating posing questions and evoking an explanation-seeking curiosity 
in students. S&T stories with a context in history and/or geography can also trigger active 
learning and stimulate the sense-making process because the storyline creates the oppor-
tunity for students to compare their ideas with the ideas of the character in the story (Metz, 
Klassen, McMillan, Clough, & Olson, 2007; Nuttall, 2016) and stimulate re-enactment of the 
learning process, thereby stimulating conceptual change (Anastasiou et al., 2015; Klassen, 
2009, 2010; Metz et al., 2007). 

Creswell (1997) was one of the first to use and conceptualize the storyline approach 
in S&T education. He described the storyline approach as an approach that engages stu-
dents over several lessons. The storyline approach uses a story with several episodes to 
create a meaningful context for learning. Each episode offers opportunities for solving 
new problems and handling key questions (Creswell, 1997). In this, the teacher designs 
the backbone of the story, “the line”, in such a way that the curriculum aims can be met. 
Arranged events (e.g. incidents or plot turns) presented at the start of each new episode 
of the story provide the teacher with opportunities to direct the learning process in a 
particular – planned – direction. During the lessons, the students feel ownership over the 
learning process and perform activities that help them to solve the problem(s) put forward 
in the storyline. Hence, the students and teachers both influence the educational process 
(Steve Bell et al., 2007; Creswell, 1997; Letschert, Grabbe-Letschert, & Barr, 2006).

In a study by Mitchell-Barrett (2010), the storyline approach in primary school was 
found to create opportunities for creative thinking and problem solving, and students’ 
interest and enjoyment increased as a result. The storyline approach not only motivated 
the students, it also helped solve the challenges of an overloaded curriculum by providing 
opportunity to link to students’ learning experiences across various school subject areas 
(Mitchell-Barrett, 2010).

Finally, the storyline approach aligns with the experience-centered approach to 
integration as described by Ireland and colleagues (Ireland et al., 2012, 2014) and puts 
more emphasis on the social domain of science knowledge (Van Uum et al., 2016). In this 
approach, learning is triggered by a story or problem. The students then solve it with the 
teacher’s help.

Hence, the storyline approach appears to be a promising integrating agent that can 
stimulate inquiry learning and seems suitable to integrate lessons from the realm of S&T 
with other school subjects, such as history and geography. 
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5.2.1 Research question
We conjecture that the storyline approach is an effective agent for creating an integrated 
curriculum at an interdisciplinary level. The research questions investigated in the present 
study are:
1. What are the constraints on primary school teachers when implementing a sto-

ryline-based integrated S&T, history and geography approach in primary education?
2. To what extent are the theoretically expected outcomes for interdisciplinary integra-

tion achieved when implementing a storyline-based integrated approach curriculum 
in primary education?

To answer these research questions, we analyzed the way in which primary school teach-
ers developed and implemented an experimental integrated lesson series.

It is expected that the implementation will be less demanding for teachers in terms 
of required content knowledge and S&T process skills, compared to integration on the 
same level using question-centered inquiry as an integrating agent. 

5.2.2 Design of the lesson series
In order to explore the input and output for implementing the envisioned level of inte-
gration a series of integrated activities had to be designed. In order to raise the teachers’ 
involvement and to stimulate their understanding of the rationale behind the activities, 
the researcher (the author of this dissertation) and three teachers developed the lesson 
series in close team-cooperation. This created the opportunity to incorporate the teachers’ 
wishes concerning content and pedagogy.

It was decided that five two-hour lessons (each representing one overarching activity) 
would be the optimal time investment. On the one hand, this was enough for the students 
to really identify with the story and take a relevant perspective on the problems the story 
would evoke (such as assuming the role of explorer). On the other hand, this was not too 
much time for the teachers in relation to their tight teaching schedule. For all lessons, 
at least two hours were scheduled, because both theory and hands-on activities had to 
be integrated in the lessons. The lesson series focused on S&T integrated with history 
and geography. It aimed for the complex levels of integration such as interdisciplinary 
integration. Hence, both learning goals and learning activities of the school subjects were 
fully integrated in combined lessons. 

The team discussed the pedagogical characteristics for the lesson series they envi-
sioned. The lesson series had to initiate activities from, and contribute to, the development 
of attitudes and skills for the realm of S&T, such as modeling, observing, counting, measuring, 
representing, symbolizing, conceptualizing, designing, controlling and presenting (Dawson 
& Venville, 2007; Gravemeijer, 2009; NGSS Lead States, 2013; Van Graft & Kemmers, 2007; 
Walma van der Molen et al., 2009). The lesson series had to arouse students’ curiosity and 
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to evoke critical thinking and problem-solving efforts. Demonstrating these activities in the 
scientists presented in the storyline would provide opportunities to identify and model their 
behavior. Hence, the stories should show curious scientists who challenge common ideas, 
explore phenomena from the realms of S&T, solve problems, and –through that – come to 
grips with the natural and material world (Biggs, 1999; Fullan & Smith, 1999; Laugksch, 2000; 
Miller, 1989; Wagenaar, Scherpbier, Boshuizen, & Van der Vleuten, 2003). 

The goal of the teachers was to shed light on a curious and exploring human being 
“in action”. Geography and history are suitable school subjects to draw examples for this. 
The teachers also wanted to address mathematics and language in the lessons. So, no 
less than four school subjects were integrated in the activities. 

The teachers came up with the idea of following an explorer in his journey and adven-
tures as the backbone of the storyline. One of the teachers suggested Darwin. A further 
brainstorm produced various ideas of sub-stories evolving around Darwin’s famous jour-
ney with the Beagle. Out of the national prescribed “core objectives” (Dutch Ministry of 
Education Culture and Science, 2006) for each of the school subjects to be integrated, a set 
was selected that could potentially be linked to this story. This was done by the teachers 
and researcher in collaboration. Subsequently, specific activities were designed to be cov-
ered in five integrated lessons of two hours each. Finally, the developers linked all activities 
in such a way that the main story provided the natural “line” from one activity to the next. 
Also, the story justified the various questions and challenges raised in the material that 
drove the students’ activities (“need to know´ principle”). Together, this approach depicts 
a model for an inquiry-based pedagogy.

The following storyline was envisioned for the lessons: “In 1831 the Beagle set sail to learn 
more about coastlines of faraway continents. The captain of the ship normally does not 
interact socially with the crew, therefore he asked Darwin, a naturalist, to join him on his 
voyage so that they could discuss all the remarkable things they would discover during 
the voyage. Imagine you [the students] are on board of that ship. Before the ship sails you 
need to plot the voyage on the map and set a course (activity 1). When sailing in the ship 
you need to be able to tell where you are going to. You need to know the cardinal direc-
tions and you also need to know precisely where you are: you need to know and find the 
coordinates (activity 3 and 4). One day, Darwin is looking at how the sun sets, and he talks 
with the captain and gets into an argument about whether the sun is moving or the earth 
(activity 2). What do the students think about the movement of the astronomical bodies 
sun, earth and moon? Another night, Darwin is looking at the stars and the planets. What 
do the students know about the planets in our solar system (activity 5)? After a while, the 
Beagle reaches South America. It is a warm and sunny day, clearly summer. Darwin looks 
at his calendar and realizes that it is winter in England, how can this be explained? How 
do seasons work (activity 2)?” 
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The learning goals of the lessons concerned physics concepts, such as gravity and mag-
netism, and concepts concerning earth science, such as daily and seasonal processes and 
how these are related to geographic location (cf. Mullis & Martin, 2013). Other learning 
goals related to “science and engineering practices” (cf. NGSS Lead States, 2013, p. 21), 
such as developing and using models that can be used to understand the world, as well 
as the skills and attitudes associated with constructing explanations and designing solu-
tions. This eventually resulted in five activities related to the story of the voyage of Darwin 
with the Beagle. The content, the learning goals and the teacher role of each activity are 
described in Table 5.2. 

Table 5.2: 
Overview of the activities in the lesson series on the journey of the Beagle 

Activity Content of the 
activity

Learning goals Teacher activity

1 Assessing what 
students already know 
by means of a test on 
earth science. 
Reading about the 
Beagle and marking 
the journey of the 
Beagle on a map.
Transforming a two-
dimensional map into 
a three-dimensional 
globe.

Students can use a model earth 
to represent a world journey in 
order to realize that humans had to 
explore the world in order to know 
what we nowadays know about the 
earth’s topography.
Students can use reasoning skills 
to deduce that the world is round, 
although we commonly use flat 
maps. 
Students discover that when 
using a flat representation of the 
world there are compromises and 
distorting effects.

Activating prior 
knowledge. 
Introducing the 
storyline of Darwin 
and engaging the 
students.
Start a discussion; 
create a cognitive 
conflict about maps 
versus globes.

2 Making a scale model 
of the sun, earth and 
moon with Styrofoam 
balls. 
Reenacting a day 
and night as well 
as seasonal change 
with the model the 
students made.

Students know how modeling 
can help understanding complex 
systems.
Students can conceptualize the 
movement of celestial bodies 
though manipulating self-
constructed models.
Students can create models and 
solve problems and design issues.
Students can identify gravity as 
a force responsible for celestial 
movement.

Introducing 
knowledge about the 
solar system. 
Challenging students 
to make a correct 
model and stimulate 
collaboration and 
discussion. 
Assisting students 
with manual skills 
when needed but 
use a scaffolding 
approach for design 
issues.
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Table 5.2: 
Continued.

Activity Content of the 
activity

Learning goals Teacher activity

3 Orientation on the 
globe and making 
use of the cardinal 
directions.
Studying magnetism 
by making a compass 
and observing the 
behavior of iron 
filings.

Students can create models and 
tools for navigation as they were 
historically used and learn to solve 
problems and design issues. 
Students know the influences of the 
earth and moon on our daily life.
Students know that magnetism and 
gravity are different forces both 
originating inside the earth.

Posing the navigation 
problem. 
Asking students to 
create their own 
compass. 
Eliciting cognitive 
conflict on magnetism 
and gravity. 

4 Navigating with a 
sextant Equator / 
latitude & longitude.
Constructing and 
testing a “tree height 
meter”.

Students can create tools and solve 
problems and design issues.
Students know the role of celestial 
bodies in historical navigation.

Introducing 
knowledge about 
latitude and longitude 
and a sextant. 
Challenging students 
to make a correct tool 
to measure angles/
stars/tree height. 
Assisting students 
with manual skills 
when needed but 
use a scaffolding 
approach for design 
issues. Stimulating 
collaboration.

5 Looking at the night 
sky discussing planets 
and stars.
Drawing planets on 
scale and with correct 
characteristics.

Students represent information on 
stars, planets and moons and learn 
to count, measure and interpret 
information.

Fascinating students 
with pictures and 
information on 
planets. 
Creating the 
opportunity for 
students to process 
the information by 
making their own 
scientifically correct 
representation of the 
plants.
Paying specific 
attention to 
measurement and 
scale. 
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5.3 Research method

5.3.1 Procedure
The study was exploratory in nature. Qualitative data were collected to get a better 
understanding and insights. The three teachers in the developer team came from two 
primary schools located in the province of Limburg in the Netherlands. Pseudonyms 
are used for the teachers: Freddie, Naomi and William. Naomi and William implemented 
the lesson series at the two different schools. Freddie assisted in the development 
of the activities and was present during some activities as an observer. The teachers 
volunteered to participate in implementing the lesson series and in the data collection. 
William had 16 students in his classroom, Naomi 29 students. All students were between 
10 and 12 years of age. 

In order to map the possibilities of the storyline approach as integrating agent, during 
the lessons, the researcher took the role of observer. Since we wanted to investigate the 
storyline approach and not assess the performance of the teachers, it was agreed that the 
researcher could also act as a co-teacher on request of the teachers. Direct observation 
in classroom was important to monitor the learning processes first hand and to be able 
to relate critical moments to the whole classroom context (Cobb & Steffe, 2010). Other 
aspects of the teaching situations and teaching conditions were kept the same as for 
regular lessons. For example, the lessons took place in the usual classroom, there were 
no timetable changes and teachers did not receive extra support or financial rewards. All 
additional teaching materials, such as tools, magnets, compasses were provided by the 
first author, further referred to as “the researcher”.

5.3.2 Data collection
All lessons were observed and videotaped. Teachers were interviewed, student materials 
and test results were collected, and students were asked to write a learner report of their 
experiences. 

All meetings between the researchers and teachers in the context of lesson series 
preparation were audiotaped. Transcripts of classroom discourse were made when nec-
essary. Teachers were interviewed after each lesson to relate observations to motives and 
expectations and to further investigate the teacher perspective. 

Student materials, such as written notes and products of assignments, were collected. 
The students were asked to complete a learner report ten weeks after conclusion of the 
integrated lessons. The learner report essentially is an essay on the things they learned 
in the previous lessons (cf. Van Kesteren, 1993). Eight students in William’s classroom and 
17 students in Naomi’s classroom completed this assignment. 
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5.3.3 Analysis 
All transcribed documents were uploaded to the software program Atlas.ti 6.0 (Friese, 
2011), which facilitated the data analysis. To answer the research questions, the collected 
data was scrutinized to identify “critical episodes” (Vos, Taconis, Jochems, & Pilot, 2010). 
Critical episodes are fragments that indicate that the intentions of the integrated activities 
are met, or, just as important, not met. When during the implementation of the activities, 
episodes represented the intentions of the integrated curriculum, they were marked as 
critical. Episodes that represent difficulties during the implementation were also critical, 
because they indicated constraints that were experienced by teachers when establishing 
integrated S&T activities. Critical episodes in this study concerned the input that was 
required and the output that could be achieved with the designed activities. All corre-
sponding data fragments related to such an episode were tagged using the Atlas.ti tool. 

Analysis consisted of two steps: “directed content analysis” (Hsieh & Shannon, 2005; 
Y. Zhang & Wildemuth, 2009), followed by various rounds of “constant comparison” (cf. 
Glaser & Strauss, 1967). This procedure productively combined both the filtering of the 
vast body of data on relevance for answering the research questions, and the triangulation 
of the data from the various resources. 

In the first step, the “directed content analysis” was performed. For the first research 
question, analysis aimed at identifying episodes that related to the demands teachers 
experienced (Table 4.2). The last two demands in that table were reformulated to fit the 
new integrating agent: stimulating students’ engagement towards experience-centered 
inquiry and focusing students’ attention on the social domain of science. The focus was on 
critical episodes that reflected incoherencies that pose barriers to adequate implemen-
tation of the integrated activities. Teacher comments indicating difficulties or doubt were 
looked for, for example when teachers explicitly asked for or referred to the researcher. 
Also, utterances in conversations between students and teachers indicating incorrect 
ideas relating to the topic were tagged, such as the following remark of a student: “He 
[Darwin] sailed in one direction and all of a sudden Darwin encountered a large country 
he called America”. 

The second research question focused on the outcomes of integrated activities. The 
directed content analysis aimed at identifying episodes that related to positive aspects of 
integration as indicated in the literature and thus indicated adequate implementation of 
the intended integrated activities. For example, utterances indicating enthusiasm were 
tagged. Enthusiasm was further operationalized as involvement (Laevers, 1994, 2000). A 
student that is highly involved is described by Laevers as actively and intensely engaged 
with the activity. The student is not easily distracted and is focused, energetic, precise, 
creative, energetic, satisfied and persistent throughout the activity. Episodes where stu-
dents showed high involvement were labeled.
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Also, student behavior that was indicative for learning 21st-century skills was labeled. 
Fragments were sought that displayed communication, collaboration/teamwork, creativ-
ity, critical thinking, problem-solving skills, digital literacy, social and cultural skills and 
self-regulation, since these are described by the Netherlands Institute for Curriculum 
Development as crucial 21st-century skills (Thijs, Fisser, & Hoeven, 2014). Examples of 
these are episodes wherein students use an atlas by themselves to solve their problems. 

In step two, “constant comparison” (cf. Glaser & Strauss, 1967) was used to analyze the 
raw data in comparison to the existing labels of step one. When critical incidents regarding 
research question one or two were found that could not be categorized with an already 
existing label, a new label was formed. For example, on several occasions, the teachers 
showed heavy reliance on textbooks for determining teaching materials and learning goals. 
Since this did not fit any of the previous constraints, a new constraint was formulated. 
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5.4 Results 

In this section the constraints put on teachers and the positive effects of integration are 
presented and illustrated by observations, student and teacher quotes and comments 
from the retrospective interviews. 

5.4.1 Constraints on teachers
We set out to discuss each of the six constraints identified in chapter 4 and we will then 
address any additional demands identified. Since in this study, we focus not on the pro-
cedural domain of science but on the social domain, and not on question-centered inquiry 
but on experience-centered inquiry, we reformulated the corresponding constraints.

A first result was that no critical episodes were identified that indicated that the follow-
ing four constraints hindered teachers: (1) using the correct terminology in explanations; 
(2) connecting to students’ thinking processes; (3) engaging students towards experi-
ence-centered inquiry; and (4) focusing students’ attention on the social domain of science. 

Two types of critical episodes that indicted active constraints already identified in 
the previous study were found: (1) monitoring and stimulating the students’ conceptual 
development, (2) the role of content knowledge and pedagogical content knowledge. One 
new problem was identified and transformed into a constraint: (3) deciding on learning 
goals and letting go of traditional textbook materials. 

Constraint: Monitoring and stimulating the students’ conceptual development 
Both Naomi and William were quite satisfied and confident about their ability to monitor 
students’ conceptual development. Overall, almost no critical incidents were found in the 
data. During the teaching experiment itself, the teachers regularly reacted adequately to 
issues arising from the students’ conceptual development. For example, when the stu-
dents were working in small groups and the teacher noticed that several groups struggled 
with the same issue the teachers intervened and set up a dialog with the whole class group 
about that issue before the groups were allowed to continue with their own activities.

However, monitoring the associations students made when triggered by the contex-
tually rich and integrated content remains of critical importance. For example, only when 
analyzing the essays the students wrote ten weeks after the lesson series, did the teachers 
notice that five of the 25 essays contained a certain misunderstanding. This group of stu-
dents reported that it was Darwin who discovered that the world was round or spherical. 
Some of them apparently confused Darwin and Columbus. For example, in one student 
essay, the following text was found: 

“Darwin was a man who travelled a lot and he discovered lots of things, like that the 
world is round and not flat. He sailed in one direction and all of a sudden Darwin 
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encountered a large country he called America (or Africa?) then he kept sailing in a 
straight line and he arrived at the same country again.” 

The teacher expected students to learn what Darwin did. Although there was no 
references to Columbus planned in the activities, Columbus was referred to rather spon-
taneously in the context of some activities. The following classroom discussion illustrates 
this: 

Teacher Naomi: “what did Darwin discover on his journey?” Student 1: “different species 
of birds and fossils.” Student 2: “that the earth is millions of years old.” Student 3: “that 
you can’t fall of the earth.” Student 4: “that was already known.” Teacher N: “very good, 
that was earlier, Columbus already sailed around the world.” (activity 1) 

In classroom, the mentioning of Columbus was not treated as a problem. It appeared 
to be a logical and positive association that contributed to the integration of several school 
subjects and topics, as both were explorers. However, when analyzing the learning reports 
the confusion between Darwin and Columbus came to the fore as an undesired misun-
derstanding. This example is a paradigm case that reflects the importance of monitoring 
students’ conceptual development, especially in integrated activities where the rich and 
broad context of the lesson activities could trigger unwanted or incorrect associations 
by students. 

Constraint: Role of content knowledge and teaching pedagogies
During the design and construction of the lessons and at the start of the lesson activities, 
William and Naomi were insecure about their own knowledge and abilities and the avail-
ability of help; especially since they could not rely on their textbooks. They were looking for 
help or reassurance. Over the course of the activities, they reported growing self-efficacy 
and help was only seldom needed. 

It appeared that experience and practice by teachers with activities that incorporated 
hands-on work, as opposed to textbook lessons, was a constraint. An example from the 
preparation phase where both teachers were insecure about their own (pedagogical) 
content knowledge illustrates this: 

Naomi: “I already foresee some difficult questions that the students will ask. … Will you only 
be an observer or will you [the researcher] be helping as well? … And when there are things 
I do not know I hope you [the researcher] will intervene and help us. We are not experts”. 
William: “I need more guidance. We need to develop these lessons together because for 
me this is a whole new process. Before the start of the lessons I exactly need to know 
what to do otherwise I will possibly do or say the wrong things” (preparatory meeting).
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Also, before the start of the first activity both teachers were sometimes insecure about 
their own skills and asked the researcher for guidance and assistance were they felt it was 
needed:  

William: “I propose you will tell the theory. In that way it is presented in a correct way”, 
“normally I teach out of the textbook, now you have to tell me exactly what you want” 
(preparation interview activity 1).
Naomi: “questions that are specifically about this context I will refer to you”, “you can 
step in at any time if you think that I’m telling the wrong thing, because this is not my 
cup of tea” (preparation interview activity 1).

Several times during this first lesson Naomi told the students that the S&T content of 
the lesson series was new to her and that she was not an expert: 

“I’ll tell you in advance that I do not know a lot about these topics and that I will learn 
a lot as well. So sometimes I will ask [Researcher] to explain things to you.” 

After the lesson she reflected in anticipation of the next lesson and said: 

“Very nice, and also a bit frightening because this is not my usual cup of tea, I hope 
that I will know everything that I’m going to tell next lesson”. 

Although both teachers were nervous before the lessons, during the actual activity 
they acted with self-confidence and asked for little to no help or coaching during the 
lesson. In the classroom during the activity, their uncertainty disappeared after the first 
activities. The teachers took the lead. They made their own choices about what information 
to tell, at what time in the lesson, how long each activity lasted, etc.

During the second activity, only a few expressions of limited uncertainty were observed, 
when Naomi and William asked for help and guidance from the researcher. For example, 
halfway through the activity Naomi asked: 

“It would be nice if you could deal with the information about the movement of the 
earth moon and sun with the students, I’m not sure on how to do it, there are still 
some questions”. 

At some moments during the lessons, both teachers indicated to the students that 
they were not an expert in this matter. For example, during a classroom instruction, 
Naomi said: 
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“The moon is not exactly in line with the earth. Am I telling this the right way, R?” 

Or at another moment (William): 

“The equator is not completely level. R, do you have something to add?” 

Or, the teachers stated to the students: 

“I did this exercise myself a while back and found it difficult myself … so it is challenging.”

William also was unsure about how to explain concepts such as the rotations of earth, 
moon and sun. In the planning stage of activity 2 William proposed that the researcher 
led the role-playing game about this topic. 

William: “I do not feel comfortable yet because I’m not sure about what I want to 
achieve in this activity.” 

However, his insecurity wore off quickly. The second time this role-playing game was 
done in the classroom, William took the lead and used this new pedagogical tool to illus-
trate the students what they had to do. Thus, in the beginning some constraints for both 
teachers concerning their content knowledge were observed. After some time, Naomi and 
William got more confident and were able to teach the integrated activities adequately 
without many problems.  

Concerning their domain-related teaching pedagogies, both teachers felt insecure about 
their ability to ask open-ended questions without hinting too clearly to the answer. As 
Naomi noted: 

“For me personally I hope to gain more insight into how to achieve the maximum 
learning potential in students, and how do I ask the right questions to stimulate this. 
… You [the researcher] will be giving tips and suggestions?!” (preparatory meeting)

Naomi and William indicated that helping students through asking open questions 
instead of helping by giving answers was difficult: 

William: “… Even extra so, because the subject matter is new and difficult for me, I’m 
inclined to give tips and suggestions instead of asking guiding questions” (preparatory 
meeting). 
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In classroom practice, no substantial problems were observed with asking open-
ended questions by the teachers. Both teachers did not give straight answers to student 
questions, but stimulated students to search for their own solutions and answers. For 
example, in activity 1, where the students were very curious and stated some incorrect 
assumptions, the teacher did not correct the students but challenged them to find out 
who was right by themselves by doing an inquiry in the next lessons:

Naomi: “Looking at the clock I see we almost have to stop. You were really lucky that 
we are participating in this project. We are getting great tools and materials [pointing 
at the globe]. Maybe we should present our findings to others.”
Student: “My mom says that the earth stands between the moon and the sun. But they 
are away from each other, when the sun sets the moon rises”.
Naomi: “Next Friday we have the opportunity to find out for ourselves who is right”.
Student 2: “A round object has no top and bottom”.
Naomi: “Yes, again a nice topic to investigate” (activity 1).

New constraint: Determining learning goals without the help of traditional textbook 
materials
At several instances in this study there were indications that both teachers found it difficult 
to decide on the learning goals of the lessons. The goals of this lessons series were not 
the regular kind of goals the teachers were used to. There was much more emphasis on 
skills and attitude. These learning goals were in line with what the teachers expressed 
they would like to achieve in their classrooms. But the traditional textbook emphasizes 
content-oriented knowledge goals. This shift towards goals that transcend the school sub-
jects and the implication that they had to determine the learning goals themselves led to 
uncertainty by both teachers. They sought support from the researcher or their textbooks. 

For example, during the development of the material, William struggled to indicate 
what learning goals they normally had. 

William: “OK, so we will plan everything together, because all this is new 
for me…otherwise I might carry out things in the wrong way … Researcher: 
“What are the goals for your education?” William: “That’s difficult to tell right 
now. It depends on the textbook and how far I will come with that book.” 
Researcher: “The connection with learning goals remains a bit fussy. Should I make 
some suggestions based on the core objectives in order that you can choose from these?  
William and Naomi: Yes! Freddie: “That is a great idea. We usually fall back on more 
traditional materials. Naomi: yes we are more practice oriented. William: yes you can 
make it more concrete. Naomi: because we are more of the ‘do-er’ type” (preparatory 
meeting).
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The lack of experience with determining learning goals showed how unusual it was 
for the teachers not to rely on textbooks. 

This textbook dependency is not only a constraint for integration itself, but it is also a 
constraint for reaping the benefit of saving time. An example may illustrate this point. A 
few weeks after the last activity, the researcher visited the school of William and by chance 
saw that William was teaching about the era of the great explorers of the world and the 
travels of Marco Polo. An interesting discussion started on whether these lessons (in part) 
could have been skipped, since the students had already learned much about this era of 
exploring and traveling around the world in the Beagle lessons:

“William: I’m more focused on the textbooks. If I follow these textbooks we work on the 
core objectives from the Ministry of Education. … Clever editors made these textbooks so 
that I do not have to worry. … To plan such lessons as the Beagle to replace the textbook 
lessons you almost need to be a publisher” (retrospective interview after all activities).

5.4.2 Positive effects of integration
In this section, we evaluate the various outcomes that were conjectured for integrated 
S&T curricula on interdisciplinary level: development of higher-order (“21st-century”) skills, 
increased involvement and commitment and more time spent on S&T.

Positive effects on higher-order 21st-century skills
In the lesson observations, teacher comments and student essays, many instances were 
found that triggered the use and, as a consequence, the development of 21st-century 
thinking skills. From the eight 21st-century skills described by the Netherlands Institute 
for Curriculum Development (Thijs et al., 2014), especially instances of communication, 
collaboration/ teamwork, creativity, critical thinking, problem-solving skills and self-regu-
lation were observed. Analysis indicated that hands-on and problem-solving activities in 
small groups were especially effective in evoking the use of 21st-century skills. Student 
teams were actively constructing new insights though creativity, problem solving and crit-
ical thinking while using more general thinking skills. 

For example, in the activity of making their own globe from a map of the world with a 
representation of the voyage of the Beagle, self-regulation was clearly triggered. When 
the students had to locate various cities on the map, some groups used an atlas in book 
form. They explained the use of the index to each other and used different maps to find 
the answers. Other students tried to find the right place on the large map that hung on 
the wall. The students were notably proud when they found the right location and gave 
high fives to each other.
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In the same activity, various learning processes at the same time could be seen. Besides 
learning topographical knowledge, the students used critical thinking and communicating 
skills when using models to construct knowledge on the shape of the earth. A character-
istic example of this process is described below: 

The students point at the map they drew (Figure 5.1 left). Students: “England, then Cape 
Verde, South America, then to the … ehm … west coast [pointing at the west coast of 
South Africa], New Zeeland, Australia, then to Cape Town. Then he went all the way 
back to England. [the students drew the voyage backwards in the same direction he 
came]”. … R: “Now he left Cape Town, what is the shortest route…? [The students now 
point out the shortest route.] R: what is the difference between the route you drew 
and the one we just now discovered? How is that possible?” Student 1: “Ow, he just 
sails around, round! That way he can travel back the easiest”. Student 2 to the other 
students: “Look like this! [Student 2 picks up the map and folds it in a cylinder”. (Figure 
5.1 right)] Students: “Now he sails around the world!” (activity 1) 

This example showed that the students at first found it difficult to envision the short-
est route “around” the earth. But then the students started actively to use a self-created 
model in their explanations to each other to help each other to “see” the route. Thus, they 
acquired experience with a way of thinking and explaining through modeling. 

Figure 5.1 Traveling around the world on a flat map. Photo from activity 1 in Naomi’s classroom. 
[Emphasis and arrows added for visibility]

In activity 2 (Table 5.2) the students were asked to make their own model planetarium of 
the sun, earth and moon. Already during the introduction of the activity, students were 
using models to solve their problem. For example, one of the students took two balls in 
his hands and started moving them in circles, and while doing this he asked: “How can we 
mimic these movements?” It is exactly that sort of questioning and thinking that was the 
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goal of the lesson activities. During the activity students were continuously interacting, 
holding the balls in the air, and explaining to each other what movements the balls should 
be able to make. They used critical and divergent thinking while making the model. Stu-
dents appeared to be able to reflect on their solutions and correct each other’s models. 
Student 1 to student 2: 

“This model is not working, if you connect the sun and the earth with a straw it will 
always be night at this side of the world” (activity 2, classroom William).

Both the teacher interviews as well as the student essays supported the data from the 
classroom observations. Both Naomi and William indicated that the integration of practical 
work and textbook work created opportunities for the students to learn better and that 
they were more able to transfer the knowledge to other contexts. They stated that an 
inquiry-based attitude and problem-solving mentality was clearly present in the students’ 
behavior. 

In the student essays, many students did not only mention the topics they learned 
about but described more deeply the skills and attitudes they used. A quote from a stu-
dent essay exemplifies this: 

“… we fixed a straw to the protractor which had a piece of rope with a screw attached 
to it. We went out to test is and looked for a tree through the straw. Then you start 
walking forward and sometimes backward until the rope was at 45 degrees. Then you 
measure from where you stand to the stem of the tree and that what you measure is 
the same as the height of the tree.” 

This student describes a so-called “tree height meter” (Figure 5.2). He correctly remem-
bered and described the process and skills involved in the construction and use of the tool. 

Students’ involvement with the activities 
During the activities where students were given the opportunity to collaborate and work 
with materials, the students were highly involved with completing the assignments. A clear 
indication of this is the persistence and precision with which the students performed their 
tasks. The analysis of the videos and the classroom observations indicated that the stu-
dents were very focused on the activity, were energetic in their collaboration and creations 
and deeply satisfied with their achievements. These are all signs of high involvement (cf. 
Laevers, 2011). One example of students’ involvement was that a student brought mate-
rials from home to the classroom. As a result of his enthusiasm in the first activities he 
brought his own globe with him. 
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5Figure 5.2: Student using a self-constructed tree height meter. Photo from activity 4 in Naomi’s 
classroom.

Student: “Look at this, I got this globe as a present yesterday, it even has a light bulb 
within, and you can see all the countries” (activity 3 William’s classroom).

Another example was seen in activity 5, where William and the researcher showed 
pictures of the planets and provided information about them. During this almost one-hour 
long introduction, almost continually there were children with their hands in the air to 
indicate that they want to answer a question or to ask a deepening question. After this first 
hour, the teacher and the researcher had to stop the students from asking more and more 
questions because of the time limitations. Several students were clearly disappointed that 
there was not more time to answer all the questions. The researcher therefore proposed 
that the students who still had some questions should write their questions down and 
that at the end of the lesson the best questions would be answered.

Also, in the activity with the tree height meter (activity 4) a very high level of involve-
ment of students was observed. All students were measuring and thinking with prolonged 
persistence, during the activity students showed expressions of enjoyment and at the end 
of the activity, the students were disappointed to stop and almost begged to measure 
and calculate one more thing.

The involvement of the students grew over time. During the reading activity at the begin-
ning, most students did their work “like normal”; they were working individually and did 
not show a higher level of involvement than in regular lessons. This changed as soon as 
they were invited to contribute ideas to the mind map. The students all wanted to be the 
first to write on the board. An interaction between the students and teacher arose and 
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students asked questions. At the end of the activity the teacher had to stop the students, 
although they were still anxiously waiting to add more words to the mind map. 

The students’ positive involvement was also observed in the essays the students wrote 
after the activities. Although the students were asked to report on what they learned, 
two-thirds of the students explicitly mentioned how much they enjoyed the lessons. Some 
even indicated that although the things they had to learn were very difficult, they enjoyed 
the activities very much. Especially the activities where students had an active inquiry or 
design role were mentioned in almost all of the essays. Constructing the model of the 
earth, moon and sun was mentioned the most in the students’ essays. The more traditional 
reading activity was not mentioned by any student as motivating.

Increased teacher involvement and commitment
The commitment and involvement of the teachers was observable throughout the whole 
project. Both during the activities and in the retrospective interviews Freddie, Naomi and 
William stressed how much they enjoyed the project. For example, Naomi said: 

“It was very special, I’m happy I participated”. Researcher: “Would you do it again?” 
Naomi: “Yes absolutely, the children and I enjoyed it immensely” (retrospective interview 
after all activities).

Their own desire to learn more about integrated S&T teaching and the students’ 
involvement were important motivators for all three teachers. They all volunteered to par-
ticipate in the experiment and invested a lot of their own time in preparing for the lessons.

From the observations it was also clear that the teachers were very motivated and 
persistent with meeting the challenges and fulfilling the tasks. In one of the classrooms, 
on every occasion that the Beagle project was part of the lesson table, the students asked 
their teacher to prolong the time they could spend on the Beagle activities and on all 
occasions, the teacher did indeed create more time. In the other classroom, the students 
wanted to spend more time on the activities and in about half of the lessons the teacher 
was able to change the schedule and create more time. Not only were the lessons elon-
gated, but also during the lunch breaks on occasion the students and teachers were so 
dedicated that they voluntarily choose to spend their lunch breaks on the Beagle activities.

The teachers expressed their involvement in relation to the students’ performance 
and enthusiasm. 

Naomi: “Some students surprised me, they knew so much and were enthusiastic, while 
in normal lessons they struggle much more. I found that very stimulating. …The con-
tinuous interplay between practice and theory creates the meaningful education that 
I like. The lesson content sticks with more students” (interview after activity 3).
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Another strong motivator was the students’ classroom behavior. Naomi and William indi-
cated in the retrospective interviews that they found the experience of participating in the 
pilot study of great value for the learning process of the students. 

Naomi: “We have done a lot of learning activities with a practical component and 
accomplished a lot with this integrated S&T project. … I was a little tense in the begin-
ning because I was afraid I had too little knowledge about S&T topics but in the end, 
it proved to be alright” … “It is fantastic to work with the students. They are busy as 
bees, it is almost a shame to disturb the students in their work and interrupt them for 
plenary classroom information sessions”. 

In the other classroom, William said: 

“We accomplished a lot, the students really did want to know something, they thought 
about the problems and solved these and the results are very good”. 

More time spent on science and technology
The time spent on S&T increased during the period the activities were scheduled. From 
the classroom observations and the teachers’ comments in the previous part of the results 
sections, several indications of an increased amount of time spent on S&T were already 
evident. For example, Naomi and William decided to prolong the activities by reschedul-
ing other lessons, or the fact that students also worked during their lunch breaks on the 
Beagle projects. The students’ commitment, which led to high “time on task” work time, 
was also positive for the amount of time spent on S&T.

Teacher Freddie: “you never know when a student picks something up. I feel that in 
integrated activities, students unconsciously learn a lot of language and mathematics”. 

The teachers saw the possibility of creating extra time for the Beagle activities by 
nesting reading lessons in the Beagle context. 

Naomi: “I can do this separate from our Beagle time on Friday; this fits in nicely with my 
reading lessons on Thursday. In that way we can use Friday for another new activity” 
(preparatory interview activity 2). 

Furthermore, the teachers indicated that scheduling the time needed for the Beagle 
project was not a real problem. 
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Naomi: “We designed the lessons to integrate several school subjects. Normally the 
children can choose their own subject on Fridays, now we replaced that time with the 
Beagle project. All subjects and especially S&T were covered more than enough, only 
grammar a little less than normal” (retrospective interview after all activities).

Before the start of the experiment William was still a little reluctant to trade time 
allocated to mathematics or language education for integrated activities: 

“We can take some time from the afternoon school subjects, such as music, however, 
mathematics and language in the morning lessons is too important” (preparatory 
meeting).

At the end of the experiment William saw more possibilities: 

“We incorporated so many school subjects, mathematics, history, reading, everything 
was covered…. So, I could have taken some time from reading lessons, for example 
change one of my three normal reading lesson with an integrated lesson. The children 
will be even more motivated in the morning lessons on mathematics and language 
when we provide a good context for them through integration… We can spread the 
integrated lesson more evenly over the week schedule” (retrospective interview after 
all activities).
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5.5 Conclusion and discussion

This study set out to map the demands put on the teachers when implementing interdis-
ciplinary S&T lessons using “storyline” as the “agent of integration”. It also explored the 
theoretically expected benefits at this level of integration. Since the constraints experi-
enced by teachers turned out to be relatively mild, and the outcomes associated with this 
level of integrations were achieved, we can conclude experience-based inquiry in the guise 
of a storyline approach as an integrating agent is suitable for creating interdisciplinary S&T 
lessons in primary education. 

The storyline approach builds on curiosity, provides opportunities for identification 
and modeling, engages students in interesting experiences and hands-on activities and 
triggers problem-solving activities. The constraints put on teachers appeared to be easier 
to deal with and less intense than the constraints found when using an approach that 
relies on a question-centered integrating agent (Chapter 4). 

Concerning the first research question “What are the constraints for primary school 
teachers when implementing a storyline-based integrated S&T, history and geography 
education in primary education?”, it was found that most constraints reported in chapter 4 
appeared to be absent in the current teaching experiment. In this study the teachers were 
less constrained than in the previous study. Two constraints were no longer experienced 
as a problem within the context of the storyline approach to integration: Using correct ter-
minology; and Connecting to students’ thinking processes. Two other constraints, related 
directly to the integrating agent, were not experienced as problematic during this study: 
Engaging students in experience-centered inquiry; and Focusing students’ attention on 
the social domain of science. 

The constraint on content knowledge disappeared, for the most part. Noteworthy, 
however, is that in the beginning the teachers were anxious and insecure about their own 
abilities regarding this demand; in hindsight the teachers indicated that things turned out 
to be easier than anticipated. 

The constraint “monitoring and stimulating conceptual development” was also less 
problematic than observed in the question-centered inquiry approach to integration. 
According to the classroom observations and the interviews with the teachers, no prob-
lems that hindered the achievement of the learning goals of the integrated subjects 
occurred during the lessons. However, the teachers did not always succeed in monitor-
ing the students’ individual associations and development during the lessons. This can 
be explained by the rich learning environment used to create integrated activities. The 
varied context and the broad pallet of learning experiences will trigger many associations, 
some of which may be unjustified but go unnoticed by the teacher. Monitoring students’ 
conceptual development therefore remains a challenge in integrated activities. 
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When comparing this study with chapter 4 in more detail, it appeared that the constraints 
that diminished most were closely related to the nature of the integrating agent. Though 
both integrating agents involved inquiry-based science learning, the approach followed 
in chapter 4 should stimulate students towards answering a research question by using 
procedures outlined in the empirical cycle. This heavily relies on exact procedures, deep 
understanding of concepts, and a classroom culture of systematic inquiry; elements all 
rather alien to most Dutch primary school teachers. The storyline approach uses an expe-
rience-centered agent and capitalizes on the social domain of scientific knowledge such as 
collaborating, sharing findings and reviewing each other’s work (Van Uum et al., 2016). 
This appeared to suit the students and teachers much better.

Hence, the experience-centered approach to inquiry learning (Ireland et al., 2012, 2014) 
in this experiment appeared to be less demanding for primary school teachers. Exper-
imenting in small groups using a context of a historical journey, where collaboration, 
exploratory talk and scientific reasoning were paramount, appeared to fit the students 
and teachers better than the more constraint question-centered inquiry approach. The 
students embarked on an experience-centered expedition, hands-on experiences, solved 
challenges along the way and they were less constrained by the strict procedures con-
nected to scientific experimenting. It appeared to fit with the primary school teachers’ 
conception of inquiry-based learning described by Morrison (2012) as “finding things out”. 

It would be interesting for future research to test the integrating agents of chapter 
4 and 5 in a study were the agent is the only changing variable. In the current research 
of chapter 4 and 5 several other aspects such as the (experience of the) teachers, the 
school subjects and preparation varied. The lesson series used in chapter 4 focused on 
the development of the concept of speed. The teaching materials that were used were 
developed and tested in previous projects since the development and understanding of 
speed is relatively difficult (Van Galen & Gravemeijer, 2010; Van Galen et al., 2012). The 
lessons series used in chapter 5 concerned geography and history integrated with S&T 
and was not predesigned and tested but developed in cooperation between the teachers 
and the researcher. The differences in the content of the lesson series and the manner 
in which the content was developed could have had an impact on the constrains that 
teachers experienced.

However, our results so far seem to indicate that the choice of integrating agent is 
important for successful implementation since it relates to many of the reported demands 
in chapter 4 and 5. Hence, it is important to not use “inquiry-based learning” as a container 
concept (cf.Furtak, Shavelson, Shemwell, & Figueroa, 2012). Teachers need more precise 
definitions of inquiry-based learning in relation to the specific domain of science knowl-
edge that is addressed and the consequences for pedagogy. 
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A new constraint emerged in this study: “determining learning goals without the help of 
traditional textbook materials”. A characteristic of interdisciplinary integration is that the 
individual school subjects are no longer recognizable and that learning goals and skills 
transcend these. Therefore, it is necessary that teachers are able to (re)formulate objec-
tives themselves. During the preparation phase, teachers struggled to formulate learning 
goals themselves for integrated activities and to align these with national core objectives 
and existing classroom textbooks. Teachers in primary education rely on prescriptive 
texts and pre-structured materials, as well as outside experts as a coping strategy (Harlen, 
1997). The teachers in this experiment attempted a similar strategy. They normally relied 
on their S&T textbooks and felt uncomfortable constructing their own lessons based on 
learning goals they had to formulate themselves. It appears vital that when implementing 
integrated S&T, teachers have developed the ability to formulate learning goals and use 
this as the basis for lesson design and preparation. 

Also, from a time management perspective, it is wise for teachers to improve their 
ability to use learning goals as a guide for planning and not solely rely on the textbooks for 
scheduling activities. One of the teachers taught material with a similar goal a couple of 
weeks after the Beagle project, while at least part of this lesson could have been skipped 
because the goal had already been achieved. However, the teacher stated that he felt the 
need to stick to the textbooks instead of trusting his own judgment. 

In conclusion, for teachers to be able to design their own integrated activities, it is vital 
that they are able to select of formulate and achieve learning goals that are sufficiently 
specific (Honey et al., 2014; Romance & Vitale, 2001). When aiming at more complex levels 
of integration where learning goals relate to 21st-century skills and are transcending indi-
vidual school subjects (Gresnigt et al., 2014), and teachers create new integrated lessons, 
there is by definition, a need to formulate the corresponding learning goals and monitor 
whether the goals are achieved. 

The second research question was: to what extent are the theoretically expected out-
comes achieved? All four predicted positive outcomes were found in this study. Many skills 
and competences relating to 21st-century skills were practiced by the students, teachers 
and students enjoyed the lessons and were committed to successful completion of the 
activities and the time spent on S&T increased. Apparently, the teachers could manage 
the constraints and achieve these goals. 

The high student involvement stimulated the teachers to dedicate more time in their 
schedules to allow students to work on the assignments. Teachers indicated that the 
activities integrated many school subjects and therefore they could use time dedicated to 
these school subjects to spend on the integrated S&T activities. Also, almost all activities 
were received with such enthusiasm that the students and teachers created extra time 
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in the schedule to work on the challenges. So, using an experience-centered integrating 
agent such as the storyline approach for higher levels of integration appears apt to boost 
the time spent on S&T in primary education. 

International comparisons between the performance of children with respect to sci-
ence and mathematics (TIMSS) results showed that in Netherlands is second to last with 
respect to time dedicated to S&T (Meelissen et al., 2012). Time spent on S&T is, on average, 
a meager 45 minutes a week (Van Weerden & Hiddink, 2013). Compared to this, the time 
spent on S&T increased to more than two hours a week during this project, and, due to 
integration, without taking away time from other subjects. 

When an approach to integration and an integrating agent is chosen that fits the 
teacher and the school culture, we conjecture that, even without the extensive profes-
sional development program needed for question-centered inquiry teaching, teachers will 
be able to dedicate more time to S&T in their classrooms.

The insights gained from this study point to the importance of the type of integrating 
agent that is used for curriculum integration. Therefore, it would be good to investigate a 
variety of integrating agents, such as the problem-centered inquiry approach described by 
Ireland and colleagues (2012, 2014) that involves learning through solving open, genuine 
real-life problems (Etherington, 2011), or design-based learning that involves designing, 
making and testing a functioning artifact (Hacker & Burghardt, 2004; Lewis, 2006) are such 
pedagogical approaches that would be interesting to test as integrating agents. 

5.5.1 Limitations
The current research was a case study that was exploratory in nature and therefore has 
some limitations. Our research aimed to find ways of increasing attention for S&T in cur-
rent primary school practice without the need for large-scale reform efforts. 

In line with the model in chapter 3, creating integrated education requires teacher pro-
fessional development and support. In this study the support was provided by the design 
team and the researcher in classroom. A limitation of this study is that when scaling the 
approach, support probably has to be delivered in another way. Minimizing the demands 
put on teachers was, therefore very important. 

In this study the first researcher participated in the experiment. Especially during the 
preparation phase, the first researcher had a prominent role. He provided materials and 
equipment that the teachers and students used in the activities and was a co-teacher in 
some activities on request of the home teacher. Bringing adequate materials to the class-
room had the advantage that a better understanding could be gained of the processes 
occurring during experience-based inquiry. However, in the Netherlands, about a third of 
the teachers report that lack of materials is a major obstacle for teaching S&T (Kneepkens 
et al., 2011). It is important to note that in order to replicate the findings in this research 
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using the lesson manuals but without the presence of a co-teacher and with less-than-ad-
equate materials, results could be less positive. 

Another limitation is that the positive outcomes of the integrated activities were not 
measured with validated instruments, or quantified in one way or another. The conclusions 
on the development of 21st-century skills, the student and teacher involvement and the 
time spent on S&T are based on qualitative evidence from observations and interviews. 
Measuring these results with validated instruments and also with more teachers would 
be useful to verify the findings.

5.5.2 Further implications for practice
The constraints found in this study were directly relevant for primary education schools. It 
would also be useful to pay attention to these constraints in pre- and post-service teacher 
education.

First of all, teachers and/or schools need to be able to select an integrating agent 
that suits their capabilities, context and needs. Therefore, it would be good to introduce 
pre-service teachers to a variety of inquiry-based teaching pedagogies. Pre-service teach-
ers should be introduced to the different types of inquiry science learning as put forward 
by Ireland and colleagues (2012, 2014), or even the wider range of types of inquiry-based 
pedagogies that extend to domains beyond STEM (cf. Tanis et al., 2014). It is important 
that teachers are able to understand the consequences for the pedagogical approach 
when focusing on different knowledge domains within science, such as the conceptual, 
epistemic, social and procedural domain (Van Uum et al., 2016). The rather strict proce-
dural question-centered approach (chapter 4) does not seem to fit with existing primary 
education culture best. Based on the present case study, it seems pragmatic to acquaint 
teachers with an experience-centered approach to inquiry-based learning that elabo-
rates on characteristics of the social domain of science knowledge, such as the storyline 
approach. 

The second implication for implementing integrated teaching is that teachers need 
more experience with respect to educational design, especially with respect to formu-
lating learning goals and monitoring students’ activities and progress in light of these 
goals. Teachers rely too much on existing textbooks for this, which are, more often than 
not, mono-disciplinary. Since 80% of the teachers in the Netherlands rely on textbooks 
for their S&T lessens (Van Weerden & Hiddink, 2013), it is vital that teachers are able 
to incorporate newly designed integrated activities in existing schedules and know, for 
instance, what to skip. 

Thirdly, (pre-service) teachers should get more first-hand experience with inqui-
ry-based S&T lessons. The teachers in this experiment were insecure about their own 
abilities before the activities started. They seemed less insecure about integration than 
about their capacities regarding inquiry-based S&T teaching. However, once the teachers 
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started teaching, relatively few problems occurred and teachers indicate that everything 
went better than they had expected. A similar result was found in chapter 2. There-
fore, acquiring expertise and confidence for inquiry-based science learning should be 
a mandatory part of teacher training (Kim & Bolger, 2016; Walma van der Molen & Van 
Aalderen-Smeets, 2013). 

A fourth implication is that teachers need to have, or have the ability and attitude to 
acquire, the content knowledge that is relevant for supervising the activities and for under-
standing the questions that students will ask. Teachers in this study felt less constrained 
than the teachers of the previous study and this can be related to the fact that the con-
tent knowledge in this study was less demanding. The self-efficacy of primary teachers is 
directly affected by the amount of content knowledge they possess (Swackhamer, Koellner, 
Basile, & Kimbrough, 2009). Teachers need to be able to make the best choice for topics 
and integrative approaches and the more content knowledge they have or are able to 
acquire in the short term, the wider are their possibilities. 

All in all, although there remain some things to wish for, this study indicates that interdis-
ciplinary integrated activities can successfully be implemented in primary education and 
can lead to increased attention to S&T in a context that stimulates 21st-century skills and 
student and teacher involvement.
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6.1 Introduction 

The central aim of this dissertation was to investigate integrated curricula as a means for 
(non-specialist) primary education teachers to strengthen (S&T) in their classrooms. Stu-
dents need to be prepared for a society where Science & Technology (S&T) play an important 
role and many jobs relate to S&T (Rocard et al., 2007; Science and Technology Advisory 
Council, 2014). Students’ attitudes towards S&T decline at the end of primary education (Kerr 
& Murphy, 2012; Murphy & Beggs, 2003; Pell & Jarvis, 2001). Even students who do hold a 
positive views of S&T have, in majority, no interest in pursuing a S&T career (DeWitt, Archer, 
& Osborne, 2014). Current teaching practices often do not effectively address students’ 
attitudes towards S&T (Turner & Ireson, 2010) and engaging students in S&T education and 
careers need to be reconsidered, since traditional curricula seem to fail (DeWitt et al., 2014).

The studies in this dissertation aimed at (1) investigating teachers’ conceptions 
towards S&T and (integrated) S&T teaching; (2) creating a model of integration to define 
integration, guide the implementation of integrated curricula and stimulate informed dis-
cussion of how S&T can be integrated into the curriculum; and (3) exploring approaches 
to integration in PO, integrating agents that can be used, input needed and output that 
can be expected when implementing integrated curricula. 

One of the most important theoretical and practical aspects of implementation of any new 
form of education is the role of the teachers (Baxter et al., 2014; Hargreaves & Moore, 
2000). In chapter 2 of this dissertation, Learner Reports of teachers were analyzed to 
learn more about conceptions towards S&T teaching and integrated S&T activities. In 
chapter 3, a literature review and focus group interviews with experts were used to oper-
ationalize the concept of integration. Characteristics of several levels of integration were 
connected to required input and expected outcomes for students and teachers; a model 
was constructed based on these elements. Constructing a model for integration can help 
practitioners as well as researchers to make decisions on implementing integrated curric-
ula by mapping the necessary investments in educational aspects with and the expected 
outcomes of the integrated curriculum. The 4th and 5th chapters described classroom 
studies that explored the implementation of integrated S&T curricula. The benefits of 
such integrated curricula were investigated and the demands that such implementation 
puts on teachers were examined. These studies were a first validation of the model for 
integration presented in chapter 3

In the present 6th chapter, the main conclusions from the individual studies are presented 
and discussed. Also, a discussion of the findings and conclusions across the four studies 
is given. Lastly, the limitations of the studies and the implications for future research and 
practice are presented. 
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6.2 Main findings and conclusions 
 from the four studies

6.2.1 Study 1: Teacher perceptions of beliefs and abilities of teachers towards S&T
Many sources indicate that teachers in primary education struggle with teaching S&T. 
They are not S&T specialists and they have low confidence in their abilities to teach S&T. 
Negative conceptions about S&T teaching could have a negative influence on S&T teaching 
in primary school. The hypothesis of this study is that S&T activities inspired by real-life 
contexts and situations that evoke questions and problems and integrating these S&T 
activities with other school subjects could make S&T more appealing for teachers and 
lead to better outcomes. 

Study 1, described in chapter 2, explored primary education teachers’ conceptions about 
S&T teaching pedagogies, S&T attitude and S&T integration by analyzing 139 Learner Reports 
focusing on learning exceptions and learning rules (cf. De Groot, 1974a, 1974b). The 
teachers participated in a professional development project on S&T in primary education 
and reported their learning experiences. 

Concerning S&T-related teaching pedagogies, teachers indicated that they learned 
that it was more valuable to ask good questions about S&T that trigger thinking in students, 
than to provide students with information and answers. They realized that a student-cen-
tered approach to S&T teaching is important. Teachers had the experience that students 
were more competent in problem-solving and investigating than they had initially antici-
pated. Teachers indicated that developing S&T activities was easier than they thought and 
several teachers reported that they were struck by the enthusiasm of their students. These 
findings suggested that the conditions for strengthening S&T education that emphasize 
inquiry-based pedagogies were actually better than previously thought.

Regarding teachers’ attitudes towards S&T, teachers reported a growing interest and 
curiosity towards S&T. S&T was not as difficult as they had thought and was more fun than 
they had thought it would be. Teachers reported that they never fully appreciated that S&T 
was so diverse and could be found everywhere around them. These findings suggested 
that teachers have incorrect conceptions about S&T and that teachers’ conceptions can 
be positively influenced through relatively light interventions with real S&T activities and 
S&T teaching. 

On the topic of integration, many teachers were surprised to discover that S&T played 
a role in many other lessons in their normal classroom practice. Several teachers reported 
that they saw good possibilities for integrating S&T with other subjects in the near future. 
Teachers apparently recognized that integrating S&T in other school subjects might be 
easier than previously thought.
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It was concluded that teachers’ negative bias for S&T is rather superficial and is based 
on inexperience and unfamiliarity, and that it might not be too difficult to integrate S&T 
in the regular curriculum. 

6.2.2 Study 2: Characteristics and definition of integration
To define integration for primary education and to describe the hindrances and affor-
dances of integrated curricula, chapter 3 describes a study in which a literature review and 
focus group interviews with experts were conducted. The review and interviews aimed at 
answering two research questions: (1) What outcomes of integrated science and technology 
curricula in primary school are reported? (2) What input is required for integrated science and 
technology in primary school? 

The review focused on studies reporting on integrated curricula in primary education 
from 1994 to 2011. Eight research projects that met all the criteria were found and were 
analyzed. In order to synthesize research results from the literature and to compare 
integrated curricula, a clear description of what integration is was needed. Based on 
the types of integration found in the literature, a taxonomy of integration levels for S&T 
teaching in the primary education context was assembled. Six levels of integration were 
defined (Table 6.1). 

Table 6.1
Summary of levels of integration

Name Description

Isolated Separate and distinct subjects or disciplines. Often viewed as the traditional 
way of teaching.

Connected Explicit connection is made between the separate disciplines, deliberately 
relating subjects rather than assuming that students will understand the 
connections automatically.

Nested A skill or knowledge from another discipline is targeted within one subject/
discipline. Content from one subject in the curriculum may be used to 
enrich the teaching of another subject.

Multidisciplinary Two or more subject areas are organized around the same theme or topic, 
but the disciplines preserve their identity.

Interdisciplinary In the interdisciplinary course there may be no reference to individual 
disciplines or subjects. There is a loss of the disciplines’ perspectives, and 
skills and concepts are emphasized across the subject area rather than 
within the disciplines.

Transdisciplinary The curriculum transcends the individual disciplines, and the focus is on 
the field of knowledge as exemplified in the real world. The curriculum is 
primarily student centered.

The levels of the taxonomy increased in complexity. In this context, complexity means 
that more elements of teaching are shared between subjects, for example, goals, lesson 
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tables, exercises, explanations, tests and grades. A curriculum integration-type determi-
nation scheme was developed (Table 3.2). The scheme can be used to categorize existing 
research efforts and curricula in order to determine what type of integration is being used. 

The literature review also gave insight into the role of teachers when implementing inte-
grated S&T curricula and analyzed possible efforts and positive outcomes of the specific 
levels of integration. It was concluded that the integration levels were linked to (a) out-
comes/positive effects such as (1) student knowledge and skills, (2) enthusiasm generated 
among students and teachers, and (3) teacher commitment that was generated; and (b) 
input or efforts such as the amount of teacher commitment needed, the duration of 
the innovation effort, the volume and comprehensiveness of required teacher profes-
sional development, the necessary teacher support and the effort needed to overcome 
problems with standard curricula. The integration model can help to resolve the con-
ceptual confusion of integrating curricula in a productive manner, and it is a basis for 
decision-making by clarifying what is needed and what output can be expected when 
implementing integrated S&T education. Empirical investigation of the model through 
case studies in primary education was suggested.

6.2.3 Study 3: Demands put on teacher when implementing integration by means 
of scientific inquiry
In the third study, described in chapter 4, the role of the teachers was studied more in 
depth. The case study explored which constraints were experienced by primary edu-
cation teachers when implementing an interdisciplinary S&T and mathematics lesson 
series through a question-centered integrating agent. The constraints were identified 
by empirically investigating the implementation of such a lesson series in four primary 
school classrooms. 

Four primary school teachers implemented an experimental lesson series on the topic 
of speed. The school subjects of S&T and mathematics were integrated on an interdis-
ciplinary level. That is, learning goals transcended each of the individual school subjects’ 
goals and cross-disciplinary thinking was stimulated. To bind the school subjects into a 
meaningful whole, a question-centered approach to inquiry-based science learning was 
used as the integrating agent. Six constraints that hinder teachers to achieve the intended 
outcomes were identified:
1.  understand, acquire and apply the relevant content knowledge
2.  monitor and stimulate conceptual development
3.  use correct terminology in explanations
4.  connect to students’ thinking processes
5.  engage students towards question-centered inquiry
6.  focus students’ attention on the procedural domain of science
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These constraints were in line with considerations from literature that teachers need con-
tent knowledge, need to have a repertoire of teaching pedagogies (from direct instruction 
to scaffolding) and need to have a clear concept of inquiry and the procedural knowledge 
required for inquiry.

While some constraints appeared to be related to characteristics of the school subjects 
to be integrated, many problems seemed to originate from using the question-centered 
approach to inquiry-based learning as the integrating agent. Based on the results, it was 
concluded that the question-centered approach may at present be too demanding for 
primary school teachers. In particular, teachers have difficulty engaging students in the 
procedural domain of science that addresses systematic steps involved in inquiry, such as 
formulating a sound research question, designing experiments, measuring precisely and 
drawing conclusions. Our conjecture was that there is a mismatch between this approach 
and primary education culture, which seems to be more at ease with the social dimension 
of scientific inquiry. 

Overall it was concluded that the teachers were too constrained to adequately implement 
the integrative lesson series, and that this could only be overcome with a substantial 
amount of training and support. It was therefore suggested to investigate other integrating 
agents, for example the experience-centered approach to inquiry-based learning.

6.2.4 Study 4: Constraints and outcomes of integrated lessons using a storyline 
approach
To further validate the conjectured model, the case study described in chapter 5 inves-
tigated (1) which are the constraints for primary school teachers when implementing a 
storyline-based integrated S&T, history and geography approach in primary education; 
and (2) to what extent the theoretically expected outcomes for interdisciplinary integration 
were achieved when implementing a storyline-based integrated approach curriculum in 
primary education.

In order to explore the input and output for implementing the envisioned level of 
integration, a series of integrated activities was designed in co-creation with three primary 
education teachers. In this case study S&T was integrated with history and geography. The 
integrating agent used to bind the school subjects together was the storyline approach 
(Steve Bell et al., 2007), which corresponds to the experience-centered approach to inqui-
ry-based science learning described by Ireland and colleagues (2012, 2014). 

It was found that the constraints identified in the question-centered approach were 
less of a problem or did not occur in the storyline teaching experiment. Teachers were not 
critically constrained by problems with using the correct terminology or with connecting to 
the students’ thinking processes. Two potential constraints did not seem to hinder teach-
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ers at all, i.e. engaging students in experience-centered inquiry and focusing students’ 
attention on the social domain of science. Two constraints were still present to some 
degree: having sufficient (pedagogical) content knowledge and monitoring and stimulating 
the conceptual development of students. A new constraint was identified: the textbook 
dependency of teachers and their (in)ability to formulate learning goals themselves. 

The experiment confirmed that interdisciplinary integration can have positive out-
comes. Teachers and students enjoyed the lessons and were committed to successful 
completion of the activities, and time spent on S&T was much higher than in average 
classrooms. Students’ involvement and commitment stimulated the participating teachers 
to schedule more time for the integrated lessons. Teachers indicated that the lessons 
integrated many school subjects and therefore they could afford to spend time scheduled 
for other subjects on the integrated S&T activities. The integrated activities also created 
opportunities for students to use and possibly develop 21st-century skills. 

Based on the findings of this case study, it was conjectured that the fact that the 
teachers felt less constrained was largely due to the change with respect to the integrat-
ing agent. Both the case studies in chapters 4 and 5 used integrating agents based on a 
form of inquiry-based science learning. However, chapter 4 used a question-centered agent 
that heavily relied on the exact procedures of science to answer a research question in 
a scientific manner; these elements were relatively unknown and alien to Dutch primary 
school teachers. The storyline approach in chapter 5 used an experience-centered agent 
and this appeared to suit the students and teachers much better. The storyline approach 
capitalizes on the social aspects of scientific inquiry and draws on students’ acting, per-
ceiving, collaborating, discussing, reasoning and creating shared meaning, but not through 
a strict procedure. A new study that focusses solely on the integrating agent would be 
useful to test our conjecture.
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6.3 Discussion 

The central aim of the research project described in this dissertation was to obtain more 
a better understanding of how increased attention for S&T in primary school can be 
achieved by means of integration. 

The major outcome across the four studies is a nuanced model for integrated curricula 
with S&T. The model not only resolves conceptual confusion concerning what integration 
is, but also describes levels of integration and relates these to the required input and gen-
erated output. An important factor in the model is the integrating agent. For more complex 
forms of integration, an integrating agent is needed, and its choice influences the input 
and output to be expected. The empirical findings suggest that some integrating agents 
require considerably more input than others. In the next section the model is described 
in more detail. It is subsequently discussed from a wider educational perspective. 

6.3.1 A model for integrating curricula
Figure 6.1 shows the model for integrated curricula that is the major contribution of this 
dissertation to educational theory. The model shows several levels of integration, rang-
ing from teaching school subjects in isolation to the complex level of transdisciplinary 
integration. In more complex levels of integration, the original subjects are integrated 
in such a manner that the teaching time, assessment, activities and lessons goals are 
shared. The integrated school subjects are no longer recognizable and are merged into 
a new integrated entity. Which educational elements are / are not shared between the 
integrated subjects and forms the theoretical basis of the integration ladder (see chapter 
3). In Figure 6.1 this is depicted by the ascending order of the levels of integration. In 
educational practice, a curriculum, activity or project may contain episodes belonging to 
different levels of integration. 

An important characteristic that is associated with the integration level is the type of 
lesson goal. Less complex levels of integration have mono-disciplinary lesson goals; the 
goals are not shared. More complex forms of integration have lesson goals that combine 
or overarch the subjects. Goals can no longer be attributed to either of the specific sub-
jects alone. For the lower levels of integration, it is still possible to use the school subjects 
and materials as a starting point for curriculum design. For the higher levels of integration, 
the structure and teaching materials of the school subjects are no longer sufficient. In 
practice, teachers and students need a new way to teach, new goals and new rationales for 
engaging students to work. We propose to call this the integrating agent, which is needed 
to amalgamate lessons, goals and activities together into a new meaningful construct. 

Inquiry-based pedagogies such as problem-based learning or inquiry-based learning 
are integrating agents in the sense that they provide a context and a rationale for activities 
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and corresponding educational goals in integrated curricula. The subject-transcending 
learning goals in these higher levels of integration typically relate to real-life contexts and 
are therefore integrated or holistic by nature. For S&T teaching, forms of inquiry-based 
science learning are a logical choice as integrating agents.

Higher chances at output such as:
- 21st century skills
- Student involvement in S&T
- Teacher commitment
- Positive feedback loop between   
 student en teacher motivation
- More time spend on S&T

Output

More need for input such as:
- Teacher commitment and Positive conceptions 
 about S&T
- Teacher content knowledge and domain 
 related teaching skills
- Professional development and support
- Sustained facilities at school level and 
   team effort (e.g. time, funding, schedule, room)

Integrating agents that suit the 
teacher and school context

Integrating agents that do not fit 
with the teacher and school context. 

Input

Figure 6.1: Model of integrated S&T curricula

The input and output associated with implementing integrated curricula is influenced 
by the level of integration. When using complex levels of integration, there are more 
chances for developing 21st-century skills and higher-order thinking. Also, the students’ 
involvement increases and a positive feedback loop generates teacher enthusiasm and 
commitment. Teachers appreciate that S&T is all around them and S&T activities help to 
achieve goals from other domains, ultimately leading to higher chances for an increased 
amount of time spend on S&T (see also chapter 2). However, implementing such complex 
levels of integration also requires more professional development, teacher enthusiasm 
and commitment and the availability of resources like time and material. In Figure 6.1, 
the arrows indicate that both the input and output increase with ascending levels of 
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integration. The cone shape indicates the bandwidth between yield and effort that can 
be realized. 

The empirical studies in this dissertation indicate that the input and output associated 
with implementing more complex integrated curricula is influenced by the integrating 
agent chosen (see chapters 4 and 5). Some agents are less demanding for teachers, 
achieving a better yields-to-effort ratio. In Figure 6.1 the darker part of the cone rep-
resents the bandwidth between input and output that can be influenced by the type of 
integrating agent. 

In short, when implementing integrated curricula, a conscious, informed and prag-
matic choice of the integration level and the integrating agent has to be made, based on 
the desired output and the amount of input that is available. Selecting a level of integra-
tion and a (type of) integrating agent appropriate for the situation at hands seems to be 
a criterion for success. 

The model of integrated S&T curricula derived in this dissertation is based on the context 
of primary education. However, the underlying idea could be useful for planning integra-
tion in secondary and tertiary education as well (Burns, 1995; Drake, 2007; English, 2016; 
Haggis & Adey, 1979; Hurley, 2001; Venville et al., 1998). Our model relates specific aspects 
of the learning environment to characteristics of successfully implementing integrated 
curricula. These aspects are important to consider in all school types.

In planning curricular integration projects, the integration-type determination scheme 
that was developed for our model (Table 3.2) can be used to determine what levels of 
integration in employed in teaching activities. The levels of integration in the model can 
be found from general aspects of the curriculum i.e. lesson goals, lesson tables, exer-
cises, explanations, tests. For more complex forms of integration, the integrating agent 
should be defined (or chosen). Our model then indicates the amount of input necessary 
and output that can be reached. This is valuable information for defining and planning 
the project and informative to everyone involved in it, such as teachers, administrators, 
curriculum developers and researchers. 

The model can also be used for review purposes. Many scholars hinted at positive 
effects of integration on student outcomes, but they also indicated that further investiga-
tion is needed to be conclusive (Becker & Park, 2011; Drake, 2000; English, 2016; Hinde, 
2005; Honey et al., 2014; Vars & Beane, 2000). The model can be used to categorize 
different studies according to their integration level and facilitate a meta study on effects 
of integrated curricula.  

When extrapolating the integration model to other contexts it is important to consider 
that the model was based on study in a Dutch educational context. In other countries 
different cultures or experiences may influence the way S&T can be integrated in other 



Chapter 6

172

school subjects. For example, in the Netherlands the position of S&T in primary school 
is marginal, time spent on S&T and S&T practices is limited compared to other countries 
(Martin et al., 2016). Austria and Finland spent 14% of instruction time on S&T in primary 
education (OECD, 2016) while in the Netherlands 4% of teaching time is spent on S&T 
(Inspectie van het Onderwijs, 2017). Such differences in teaching time could influence the 
way integration can be realized.

Also, the conceptual focus of the primary school curriculum differs between countries. 
Scandinavian countries, for example, focus on industrial arts and crafts while the United 
Kingdom has a stronger emphasis on design processes (Rohaan, 2009). Despite the appar-
ent lack of a S&T teaching tradition in the Dutch primary education context, design- and 
inquiry-based teaching pedagogies are getting more attention in recent years (Van Graft, 
Tank, & Beker, 2014). German teacher education, in contrast,  pays little to no attention to 
design based teaching pedagogies (Durch Neugier lernen, 2018). Another aspect related 
to differences between countries is the fact that primary education teachers in some 
countries, such as the Netherlands, have a bachelor’s degree while in other countries, 
such as Finland and Germany, they have a master’s degree.

Integration efforts can also be influenced through the government prescribed curricu-
lar goals. The broad core objectives in the Netherlands seem to provide a good opportunity 
for teachers to integrate S&T with other school subjects without being hindered by a strict 
formal curriculum. However, we saw that in the Netherlands most primary education 
teachers cling to textbooks, which makes integration efforts harder.  

In sum, it is clear that when extrapolating the integration model to other countries 
aspects such as teacher training, teaching traditions, cultures in teaching pedagogies and 
curricular emphasis need to be taken into account. 

6.3.2 Integrating agents 
It is important to recognize that specific integrating agents put specific demands on teach-
ers. If there is a mismatch between the teachers’ competences and the integrating agent, 
there is more need for input such as teacher support, prolonged professional develop-
ment and teacher commitment. It is important to consider whether the choice for an 
integrating agent that highly constrains teachers is necessary. It could be that another inte-
grating agent could deliver output that is equally worthwhile without requiring huge input. 
Various options can be considered, which we briefly review here in the light of our model. 

Inquiry-based pedagogies are a first group of potential integrating agents. These make use 
of the common grounds that subjects share (Australian Academy of Science, 2011; Berlin 
& Hillen, 1994; Goldschmidt & Jung, 2011b; Harlen, 2013; Kurt & Pehlivan, 2013; Munier 
& Merle, 2009; So, 2013). Inquiry should be a conscious, well-considered choice of the 
teachers (cf.Dobber et al., 2017; Furtak et al., 2012). Inquiry-based science learning is a 
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logical choice for S&T education. During the process of inquiry-based science learning, it is 
possible to focus on problem solving, hands-on experiences or specific questions (Ireland 
et al., 2012, 2014). When using inquiry in the S&T classroom, it is also possible to aim for 
four different domains of knowledge: (1) conceptual knowledge regarding the topic of the 
investigation; (2) knowledge from the epistemic domain which refers to the way scientific 
knowledge is created; (3) knowledge relating to science dispositions as critical thinking, 
communicating and collaborating; (4) and knowledge from the procedural domain that 
addresses the systematic steps involved in science (Van Uum et al., 2016). Depending on 
the amount of experience of the teacher, the available support and the learning goals 
that are desired, a specific form of inquiry-based science learning can be selected as an 
integrating agent. 

When comparing the demands put in teachers in chapter 4 and 5 it seems that in the 
primary school context, a question-centered agent that focuses on the procedural domain of 
scientific knowledge and uses a question-centered approach to inquiry, was very demand-
ing for the non-specialists primary school teachers. The storyline approach, which used an 
experience-centered form of inquiry learning and stimulated the social domain of scientific 
knowledge, was less demanding and had more positive results. 

The suitability of integrating agents is probably also dependent on school types, 
teacher expertise, prior education and experience (cf. Warwick, Linfield, & Stephenson, 
1999). In secondary education, science teachers are specialists in one or more science 
disciplines and have more content knowledge. It could be that these teachers feel more 
comfortable with the conceptual and procedural domain of scientific knowledge. However, 
that does not automatically mean that implementing “authentic scientific inquiry” is easy 
for them (Kock et al., 2013).

Also, it would be interesting to investigate other types of integrating agents. For exam-
ple, design-based learning introduces technological problems that stimulate students’ 
problem-solving and reasoning skills (Lewis, 2006)). Design-based learning most likely 
is a container concept like inquiry learning that entails multiple forms. Probably, some 
approaches to design-based learning will turn out to be more demanding than others. 
A design approach that involves tinkering and making would probably fit well in primary 
school culture. A more systematic design process that puts emphasis on stricter proce-
dures and process details could be more demanding for non-specialist primary education 
teachers. 

Other integrating agents could be problem-based learning and project-based learning. 
Problem-based learning is a well-known pedagogy used in tertiary education for learning 
in Medical School and uses short case vignettes to increase knowledge and understanding 
(Wood, 2003). Etherington (2011) found that problem-based learning is a viable means 
of teaching science to primary education teachers as well. Project-based learning (Krajcik & 
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Blumenfeld, 2006) activates the exploration of real-world challenges and problems that 
resemble activities in adult professional life. Both of these candidates for integrating agents 
focus on real-life authentic contexts that connect the students’ interests to the desired 
learning goals. Such student-centered activities that lead to active participation and stimulate 
investigating possible solutions could fit well within primary education culture. 

Game-based learning and gamification (Caponetto, Earp, & Ott, 2014; Tobias, Fletcher, 
& Wind, 2014) may be able to enhance motivation and engagement and are used in sci-
ence, math and language education (Caponetto et al., 2014). Integrating these subjects 
by means of a game or using game mechanisms could result in a challenge, problem or 
quest that meaningfully binds disciplines together. Games comprise storylines that engage 
students in the activity, so this type of integrating agent may be comparable to the storyline 
approach. The challenges and quests of gamification could provide the amalgamation of 
school subjects that is self-evident to the learners, thereby preventing additional con-
straints for teachers.

It will always be important to balance the available input with the desired output. It 
can be argued that when implementing a complex level of integration with limited sup-
port it is wise to choose an integrating agent that does not constrain teachers very much. 
For lower, less complex levels of integration, it may be possible to use more demanding 
integrating agents. 

6.3.3 Teaching higher-order skills through integrated S&T education
A critical and important goal of integrating S&T in primary education is to increase the time 
spent on S&T. But integration also offers opportunities for higher-order skills. Traditional, 
instruction-based approaches to teaching S&T are criticized for not promoting creative or 
innovative thinking and not utilizing meaningful contexts outside school (Aikenhead, 2005; 
Bencze, 2010; Cropley & Cropley, 2010). Also, this way of teaching often does not positively 
affect students’ attitudes towards S&T (Turner & Ireson, 2010). Teaching for higher-order 
skills and positive attitudes asks a lot from the teacher. Internationally, a whole range of 
programs have addressed the strengthening of S&T in primary education (Léna, 2006). 
Reform efforts have focused on students’ questions, inquiry, meaningful learning, and 
design (National Research Council, 1996; National Science Foundation, 1997; Rocard et 
al., 2007; Roth, 2001). 

The more complex forms of integration as bound together with an inquiry-based inte-
grating agent almost inevitably trigger students’ critical thinking, creative problem solving, 
reasoning, testing and learning from failure, and other 21st-century skills, as well as high 
student involvement. Other integrating agents could emphasize other aspects. Game-
based learning might, for example, be a very effective integrating agent when you want to 
stimulate creativity in students (cf. Hsiao, Chang, Lin, & Hu, 2014), while problem-based 
learning might stimulate skills relating to the utilization of information (cf. Merritt, Lee, 
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Rillero, & Kinach, 2017). The teachers in chapter two expressed the usefulness of learning 
based on students’ own investigations and problem-solving activities. They indicated that 
students were more competent in S&T-related tasks than anticipated and that students 
were more competent in problem solving and reasoning than they had anticipated. 

The integrated teaching activities in chapter 5 triggered several higher-order, 
“21st-century thinking skills”. Of the eight 21st-century skills described by the Nether-
lands Institute for Curriculum Development (Thijs et al., 2014), especially communication, 
collaboration/teamwork, creativity, critical thinking, problem-solving skills and self-regu-
lation were observed regularly. The skills and attitudes fostered by integrated and more 
meaningful learning activities appeared to fit with the broad educational and pedagogical 
tasks of primary school.
 
Implementing an integrated curriculum that aims at these modern 21st-century goals puts 
demands on teachers. A first requirement for successful implementation of integrated 
activities is that teachers have sufficient knowledge and skills regarding domain-related 
teaching pedagogies (chapter 4 and 5). Primary education teachers often find S&T a 
complicated subject and connecting S&T to another subjects asks for a good amount of 
(pedagogical) content knowledge (Baxter et al., 2014). Integration that uses inquiry asks for 
a large set of teaching skills (Alake-Tuenter, Biemans, Tobi, & Mulder, 2013; Hmelo-Silver, 
Duncan, & Chinn, 2007). Improvising on the spot proved very difficult for the teachers 
involved in our studies, which illustrates the complex process of developing teachers’ 
teaching pedagogies (Appleton, 2008). Chapter 4 shows that implementing integrated 
activities in classroom practice proved demanding (see also Berlin & White, 2012). It is 
therefore probably wise to implement higher levels of integration and complex integration 
agents only after some practice with less demanding choices, because self-efficacy grows 
over time and on the basis of good experiences (Kiray, 2012).

Another requirement is that teachers are able to select and formulate lesson goals 
and translate these into new lessons without relying on textbooks. For teachers to be able 
to design their own integrated activities, it is vital that they are able to select or formulate, 
and aim to achieve, both content-specific learning goals from the underlying disciplines, 
and from the domain of more generic, interdisciplinary and 21st-century skills (Honey et 
al., 2014; Romance & Vitale, 2001). Teachers integrating on a higher level will not find all 
these learning goals in their textbooks. When aiming at more complex levels of integration 
where learning goals relate to 21st-century skills and are school subject-transcending, 
there is, by definition, a demand to formulate new lesson goals. Teachers who participated 
in the studies relied highly on their textbooks and felt uncomfortable in constructing 
their own lessons based on educational goals. The teachers involved in chapters 2, 4 and 
5 all mentioned that activities were successful with regard to student involvement and 
enthusiasm. However, that result in itself is not a reason to integrate; the activities must 
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also contribute to the development of content-specific knowledge and skills and fit the 
curriculum intentions (Brophy & Alleman, 1991; Hinde, 2005). 

In conclusion, with appropriate attention for teachers’ competences, integrating S&T 
with other subjects in primary school seems a feasible manner to strengthen S&T educa-
tion with “those skills and competencies young people will be required to have in order to 
be effective workers and citizens in the knowledge society of the 21st-century” (Ananiadou 
& Claro, 2009, p. 8). 

6.3.4 Importance of teacher commitment and confidence
One of the most important aspects when implementing integrated curricula are the teach-
ers (Baxter et al., 2014; Hargreaves & Moore, 2000). The reluctance of primary teachers to 
teach S&T often relates to the (un)availability of resources, their reliance on textbooks or 
readily available lesson plans and insecurity about their knowledge and abilities (Appleton, 
2007; Van Cuijck, Van Keulen, & Jochems, 2009). 

The teachers who took part in the studies described in this dissertation had little 
experience with S&T but found that S&T teaching was less complex than they thought 
and was more fun than they thought it would be. These teachers realized that integrating 
S&T in other school subjects was easier than previously thought. These changing concep-
tions about (integrated) S&T teaching were seen in chapters 2, 4 and 5. However, chapter 
4, and to a lesser extent chapter 5, also illustrate that implementing S&T activities on a 
high integration level can be very demanding for teachers, notwithstanding their positive 
attitude towards S&T. 

The way teachers look at themselves and the confidence they have are probably a 
vital factor when implementing integrated S&T curricula. Bent (2016) categorized teachers 
based on their self-efficacy beliefs and beliefs about primary geography education from 
always efficacious to rarely efficacious. The more efficacious teachers were more able to 
organize rich and innovative lessons and were less dependent on textbooks. From this 
study, Bent (2016) concluded that teachers with higher self-efficacy are more inclined to 
use more student-centered teaching methods and are more willing to experiment more to 
innovate their lessons. In the context of implementing integrated S&T curricula, this means 
that stimulating positive conceptions about S&T and increasing teachers’ self-efficacy is 
probably an important step towards success. 

Chapters 4 and 5 indicated that the participating teachers became excited by students’ 
enthusiasm, efforts and learning efforts. As soon as the teachers experienced students’ 
enthusiasm, efforts and potential for learning, the teachers’ confidence and commitment 
appeared to grow. At first the teachers were a little hesitant and insecure about their own 
knowledge and capabilities concerning the domain-related teaching pedagogies. But the 
students’ involvement appeared to boost the teachers’ confidence and commitment. The 
students believed in their own capabilities and in the slipstream of the students the teach-
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ers were positively surprised by the possibilities of the integrated activities (cf. Pelletier, 
Séguin-Lévesque, & Legault, 2002).

Perceiving students’ involvement and abilities in inquiry and design activities influ-
ences teachers’ feelings and increases their self-efficacy and confidence towards S&T. 
Jackson and Ash (2012) found a similar relationship. They reported that delivering inquiry 
lessons increased both teacher and student enjoyment. Prejudices towards S&T appear 
to be based on inexperience and unfamiliarity. This seems also to be the case with pri-
mary schools, where the teachers are non-specialists and have little experience with S&T 
teaching. It could be interesting to search for integrating agents that stimulate student 
motivation and in turn stimulate teachers’ enjoyment and commitment. Such integrat-
ing agents could contribute to successful implementation of curricula with high levels of 
integration.  

From an organizational point of view, an overloaded curriculum hinders teachers to 
increase the time for S&T teaching (Van Weerden & Hiddink, 2013). Research shows that 
when teachers gain greater confidence and self-efficacy and a more positive attitude, they 
subsequently teach S&T in a better manner and are able to improve the attitudes of their 
students in this area (Osborne & Dillon, 2008; Osborne et al., 2003). The research in this 
dissertation demonstrated that teachers had ample opportunities as well as the desire 
to integrate S&T, instead of teaching it in a mono-disciplinary way, as long as they were 
confident and enthusiastic. In general, teachers became enthusiastic, committed and had 
increased self-efficacy after teaching integrated S&T activities, and hence became more 
effective in teaching S&T. 
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6.4 Limitations and future research 

While much literature can be found on integration in general and on S&T education, 
research that specifically focused on integrating S&T with other school subjects in the pri-
mary education context is scarce. Therefore, the present study had a descriptive (chapters 
2 and 3) and exploratory character (chapters 4 and 5). 

As a starting point, teachers’ conceptions about (integrated) S&T teaching were ana-
lyzed to look for viable ways to increase attention for S&T (chapter 2). Many teachers in 
the Netherlands have little experience with S&T. It was expected that interviewing primary 
school teachers on S&T would not result in sufficient insight. Therefore, we analyzed 
learner reports of teachers who participated in a professional development program 
where they were engaged in activities that they subsequently used in their own class-
rooms. The advantage was that these teachers, due to the professional development 
program, had experience with S&T and could therefore develop a more realistic picture of 
their conceptions about S&T. However, these conceptions and possible pre-conceptions 
were derived from self-reports, namely learner reports. In future research it would be 
interesting to observe teachers’ classroom practices more directly to ascertain teachers’ 
behavior and conceptions about integrating S&T with other subjects. The proposed model 
in chapter 6 could be used to construct observation criteria on several relevant aspects 
of integration. 

The literature review in chapter 3 resulted in the description of a tentative model for 
integration. For the primary education context, a limited number of research projects met 
the selection criteria for the review. A focus group with experts supported the analysis. 
Still, the tentative model of chapter 3 was based on a limited number of cases. Future 
research could compare our findings with literature on research projects from secondary 
or tertiary education. 

In chapters 4 and 5 an in-depth approach was chosen, studying a small group of 
teachers while implementing integrated activities in their classrooms. This resulted in valu-
able insights at a classroom level. The rather small samples, however, make the findings 
tentative, and larger and more varied samples are needed to further confirm the findings. 
For instance, teacher participation in study 3 and 4 (chapters 4 and 5) was on a voluntary 
basis. The teachers who agreed to participate were, at least to some extent, positive about 
trying out the integrated activities or were eager to learn more about S&T and integration. 
This may have influenced the implementation process and the findings. Although it can be 
rather difficult to achieve, it would be valuable in future research to attempt studying the 
implementation of integrated activities in classrooms of non-voluntary teachers. It would 
especially be interesting to see whether these teachers are under the same constraints 
and achieve the same positive outputs as the teachers in the present study. 
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The studies described in chapters 4 and 5 had an exploratory character to create a 
better understanding of the classroom processes. Close cooperation between the partic-
ipating teachers and the researcher fitted the purpose of gathering in-depth information. 
In future research, the emphasis could be put on quantitative experimental research to 
investigate the size rather than the nature of effects. In the current research described 
in chapters 4 and 5 more variables changed besides the integrating agent. It would be 
interesting to test several integrating agents in larger scale studies with the same teachers, 
children, lesson content and preparation.  

Based on our studies we presented a model for integration in chapter 6. Bearing in 
mind the limitations described above, the model is a proposed model that emerges from 
our findings. Nevertheless, at a practical level, the model solves key issues concerning 
the conceptual confusion around “integration”. The taxonomy and determination scheme 
offer a structured perspective to the field of integration research. It provides some new 
guidelines for designing and implementing integrated education and curricula. 

The proposed model should be tested and elaborated on the basis of further research. 
It would be interesting to research in more depth the input and output associated with 
levels of integration as well as test other integrating agents. The validity of the model out-
side the field of integrated education in primary education should be explored. There is 
reason to believe that the model has a wider applicability since the model, as such, is built 
on formal and structural concepts, primarily focusing on relationships that are “intrinsic” 
to integration in terms of sharing lesson goals, means and activities. Hence, the model 
may help to inform research projects outside primary S&T education. It can be used to 
compare research findings and eliminate confusion when discussion integration efforts. 



Chapter 6

180

6.5 Implications for practice

In this section implications for practice are presented. Some implications are specifically 
related to the model of integration presented; others are more focused on teachers. 

A first implication of the results of our research is that integrating S&T with other sub-
jects can help strengthen the position of S&T in primary education. The integration model 
presented can be used in primary education to make a conscious choice on what levels of 
integration to use. The model clarifies that each level of integration requires an amount 
of input and correlates to a certain output. The model offers both individual teachers and 
entire school teams the possibility of estimating the amount of time and energy needed 
in relation to a specific integration level. Or, put differently, it offers help in deciding what 
outcomes of an integrated curriculum are desired and matching this with the amount 
of time and support that is needed for successful implementation of such an integrated 
curriculum. Being able to make a more informed choice can prevent reform efforts from 
failing due to an unexpected imbalance between input and output. For example, a nested 
level of integration could be suitable for a school who wants to incorporate books with S&T 
content in their language education without having to develop completely new curriculum 
materials, such as learning goals, textbooks, assignments and tests. Another school could 
decide that they want to improve the development of 21st-century skills and aim for a 
more complex level, such as multidisciplinary integration. They will understand that they 
need more resources, for example to facilitate teacher knowledge and skills development. 

A second implication of the model is that it makes clear that an integrating agent is 
necessary to achieve the more complex levels of integration, and the choice of the inte-
grating agent can be critical to success. When implementing such integrated curricula, 
the traditional school subject boundaries disappear. For students to experience the cur-
riculum as coherent and logical, there is a need to replace the binding effect of standard 
textbooks, with their structure of tasks and texts. An integrating agent is needed to create 
a meaningful construct that allows achievement of goals that transcend individual school 
subjects and textbooks. Similar to what was found regarding the level of integration, the 
choice for an integrating agent also needs to be a conscious one. Depending on previous 
experiences and preferences of teachers or teams of teachers, a specific agent can be 
chosen that increases the chances of a successful implementation. Our research indicated 
that it is important to choose an integrating agent that is in line with the primary school 
culture and requirements. For instance, the experience-based approach to inquiry learn-
ing benefits from collaboration and sharing. This is less difficult for primary teachers to 
stimulate than stimulating their students to follow the steps of the research cycle in the 
question-centered approach to inquiry.

The model of integration as presented in chapter 6 can also be used by teachers of 
schools to identify elements of integrated teaching they are already using. For example, 
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thematic teaching and problem-based learning are well-known pedagogical approaches 
that many teachers are probably acquainted with. The model can provide a frame of 
reference for these teachers and help them to fine-tune their practices and the desired 
outcomes. 

The studies presented in this dissertation studies have some implications for teacher 
education and teacher professional development. 

The studies indicated that teachers’ initial bias for S&T was negative, but that when 
experiencing (integrated) S&T teaching they we surprised and their attitude changed pos-
itively. Teachers found that S&T entailed more than they thought and were surprised 
about their abilities to teach S&T teaching. Our findings indicate that engaging teachers 
in relatively light S&T teaching experiences or professional development courses, based 
on inquiry and design-based pedagogies, opens the teachers’ eyes with regard to S&T. 
Having first-hand experience with S&T teaching and making teachers’ conceptions about 
S&T in education explicit, is a first but important step in increasing attention for S&T in 
primary school. It is therefore important that teacher education certifies that all students 
acquire real inquiry-oriented S&T classroom experiences pre-service. Students should 
preferably get the opportunity to teach through inquiry-based pedagogies where S&T is 
integrated with other school subjects during their internships. In that way students get a 
realistic picture of what S&T teaching is and what it is not. For school leaders who want 
to stimulate reform efforts concerning S&T in their school, it is important to start such 
reform efforts with a professional development program that creates opportunities for 
teachers to experience classroom activities and in that way strengthen teachers’ positive 
conceptions towards S&T and S&T teaching. 

However, our findings also show that that implementing integrated curricula puts 
demands on teachers. Teachers would benefit from a more solid base of knowledge 
and skills, especially when using the more complex levels of integration. Professional 
development programs aimed at curriculum integration should take into account these 
demands and try to stimulate the development of competences related to these demands. 
Integrated S&T teaching requires teachers who do not feel constrained by lack of con-
tent knowledge or lack of experience with important pedagogies, such as inquiry-based 
teaching. Especially for the more complex levels of integration that are more student 
centered, it is important that the teachers can cope with students who will ask questions 
on a multitude of unexpected topics. Clearly, we cannot expect that teachers possess 
a knowledge base so extensive that they are able to answer each and any question on 
the spot. But they need to have the attitude and skills to inform themselves “just in time” 
on S&T content matters that come to the fore, anticipated or unanticipated. A demand 
that is clearly related to integration is that teachers need to be able to let go of textbook 
materials and decide themselves on goals and the content of lessons. It is important 
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that teachers can formulate lesson goals by themselves and also that they can justify the 
goals of integrated lessons from the perspective of the national core objectives. Moni-
toring that students achieve the desired objectives and stimulating their conceptual and 
skills development is especially relevant in an integrated context where traditional subject 
boundaries have disappeared. The teachers need to be flexible in handling lesson goals 
and adjusting integrated activities to individual students’ needs in such a manner that 
mandatory, national standards are met. Teacher education has to educate students to be 
critical towards textbooks, teach them to create their own materials when needed, and 
stimulate goal-oriented integrative thinking. Altogether, when pre-service teachers are 
educated in this manner, we trust that they will be able to implement integrated activities 
that strengthen S&T education. 
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Summary

Integrated curricula: 
An approach to strengthen Science & Technology in primary education

Science and Technology (S&T) play an important role in society: everybody uses technology 
in private life and many people need it in their professional life. Scientific thinking helps us 
to understand, predict and control the natural forces that shape our world and scientific 
discoveries provide foundations for dealing with the challenges of our time. Society is in 
need of workers with expertise in and affinity for S&T. However, too many students lose 
their aspiration to pursue a career in S&T at an early age, often as early as during primary 
education. In the Netherlands, S&T education has a minor, almost negligible position in 
the primary education curriculum. Primary education teachers often feel insecure and 
unable when teaching science. In addition, the primary education curriculum is already 
overloaded, which makes it difficult to elaborate S&T as a separate subject.

Therefore, this dissertation explored integrated curricula as a means to strengthen 
S&T education in primary education. Integrated S&T curricula are curricula in which 
S&T is combined with other school subjects, such as mathematics, history, geography 
or language teaching. Curriculum, in this dissertation, concerns a teaching plan with 
instructional materials and a pedagogical approach for a series of lessons. However, 
prior research provides little information on how teachers perceive S&T teaching and 
the degree to which they regard integration as a viable option to increase the attention 
on S&T in their curricula. Also, there is conceptual ambiguity concerning what curricular 
integration is, and there is no good overview of the potential outcomes or the demands 
and constraints that come with curricular integration of S&T. The aim of this dissertation 
was to contribute to these issues. The dissertation addressed the following research 
questions: 
1. What conceptions with regard to implementing (integrated) S&T teaching do teachers 

report?
2. What types of (S&T) integration, and what input (demands, conditions, support, facil-

ities, etc.) and output (motivation, teaching time, achievement, etc.) accompanying 
these types of integration are reported in the literature, for both teachers and stu-
dents?

3. What input from teachers is needed when implementing specific types of integration 
using different integrating agents (e.g. relating to a question-centered agent and an 
experience-centered agent) in the classroom, and what outcomes emerge?

To investigate these questions, this dissertation investigated conceptions of primary teach-
ers about teaching S&T (chapter 2), reviewed research on different types of integration 
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(chapter 3), and explored two different approaches to integrate S&T education in the 
primary education curriculum (chapters 4 and 5). The empirical part of the research was 
carried out with a small selection of primary education teachers in the southern part of 
the Netherlands. 

Teachers are crucial to the implementation of (integrated) S&T teaching. However, many 
primary education teachers in the Netherlands avoid teaching S&T. The amount of time 
devoted to S&T is one of the lowest in the OECD countries. It is known that teachers 
with a negative attitude towards science spend less time on teaching it and have lower 
self-efficacy for teaching S&T. Teachers’ conceptions towards S&T (teaching) are therefore 
an important factor to take into account when trying to implement integrated S&T. These 
conceptions were the focus of the first study in this dissertation, reported in chapter 2, 
which presented a study on teachers’ conceptions about S&T. Learner reports of primary 
education teachers (N= 139) who participated in a professional development program 
were analyzed for these conceptions. The learner reports were used to reveal learning 
experiences of primary education teachers regarding S&T. In several iterations of data 
analysis the reports were coded with respect to learning experiences that concerned 
learning rules and learning exceptions. Learning rules concern facts and common laws 
that are learned; learning exceptions are about exceptions to rules, the surprises and 
eye-opening events that are learned. The categories that were found related to domain-re-
lated teaching pedagogies, teachers’ attitudes towards S&T (teaching) and opinions about 
curriculum integration.

Three significant outcomes were found: (1) primary education teachers were positively 
surprised by the existing opportunities concerning the use of inquiry-based pedagogies 
in S&T teaching; (2) negative attitudes concerning S&T teaching were countered by their 
experiences in actually teaching S&T; and (3) teachers were surprised by how much S&T 
was already integrated in their lessons without them being aware of it. The learner reports 
also yielded an overview of teachers’ attitudes towards integrating S&T teaching within 
the primary education curriculum. Teachers saw ample opportunities and expressed the 
desire to integrate S&T in their teaching by means of real-life contexts and inquiry-based 
pedagogies. An explicit focus on integration of S&T with other school subjects could there-
fore be a feasible strategy for strengthening S&T teaching. Finally, the study showed that 
analysis of learner reports with a focus on learning rules and exceptions to these rules 
was a suitable qualitative tool to uncover biased attitudes and conceptions about S&T 
education.

Several scholars have written about integration, although the term curriculum integration 
has not always been explicitly used. Different approaches and forms of integration have 
been designed, characterized and sometimes empirically investigated. Therefore, there 
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is a need for a framework that describes and compares the various approaches to inte-
gration in primary education. Such a framework could be helpful for designing integrated 
curricula. Constructing a framework for integrated S&T teaching was the focus of the 
second study in this dissertation. 

Chapter 3 described a literature review on integrated curricula in primary education. It 
evaluated empirical studies on integrated science curricula (mostly in the form of extended 
lesson series) in primary education and described the hindrances and affordances of 
integrated curricula in order to guide informed decision-making by schools and teachers. 
Research articles from 1994 to 2011 about the integration of science with language or 
mathematics were categorized according to a taxonomy of integration types synthesized 
from the literature. A focus group of experts was formed to discuss the process of analysis 
and to test tentative conclusions. 

The study resulted in a tentative model of integrated curricula that related approaches 
to integration with the required input and expected output from the point of view of 
teachers and students. The model described integration in terms of six consecutive levels 
of complexity: isolated, connected, nested, multidisciplinary, interdisciplinary and transdis-
ciplinary. Overall, positive effects of curricular integration were reported in most studies. 
Students’ motivation and appreciation of S&T increased, and most projects reported an 
increase in the time devoted to science teaching. Studies also reported students’ appre-
ciation of learning results that were not confined to science but comprised other areas 
as well and appeared to be more meaningful and useful in real-world situations. Teachers 
were found to value the aims and positive effects on student motivation of integrated 
science activities were reported. This also raised teachers’ self-efficacy and commitment. 
Teachers were generally motivated and optimistic about teaching S&T. The model also 
postulated that more complex levels of integration will have greater gains in terms of 
learning outcomes, such as higher-order learning and 21st-century skills. The enthusiasm 
and commitment generated within the students and the teachers are expected to increase 
with more complex levels of integration. Simultaneously, the more complex integration 
levels will require more effort, higher teacher commitment and a larger curriculum scale 
and duration. Also a larger volume, quality and comprehensiveness of teacher profes-
sional development and more support from the school principal, as well as more overall 
facilitation are required. 

There are many ways to implement integrative curricula in primary education. In this 
dissertation, the choice was made to empirically investigate the interdisciplinary level of 
integration. In these forms of curriculum integration, learning goals, lesson activities and 
assessment transcend mono-disciplinary subjects and an integrating agent is needed to 
replace the structure otherwise would be given by the school subjects. The integrating 
agent binds the educational activities together in such a manner that students experi-



204

ence a coherent whole without the presence of the traditional school subjects. The first 
empirical study, reported in chapter 4, explored a question-centered integrating agent; 
the second one, reported in chapter 5, explored an experience-centered integrating 
agent. Implementing such integrated activities is likely to put serious demands on the 
teacher. Exploring the nature of these demands, but also the output that comes with the 
approaches to integration, was an important objective for the empirical studies described 
in chapters 4 and 5.

Chapter 4 reported on a teaching experiment in four grade 6 classrooms (N=73) where 
S&T was integrated with mathematics via interdisciplinary integration, in the context of a 
problem that required the procedural domain of science knowledge and used a question-cen-
tered approach to inquiry-based science learning as an integrating agent. The aim was that 
students would develop a physical and mathematical understanding of “speed” through 
experiments and measurements designed and executed by themselves. Student work, 
audio and video recordings of the lessons, debriefing interviews with the teachers, and 
field notes were analyzed for patterns in the data. 

It was found that teachers had great difficulty with teaching the lesson series. These 
difficulties were analyzed and tentatively described in terms of demands or constraints. 
We identified six major challenges for teachers: 1. having sufficient content knowledge; 
2. monitoring and stimulating conceptual development with respect to “speed”; 3. using 
the correct terminology; 4. connecting to students’ thinking processes; 5. stimulating stu-
dents’ engagement towards question-centered inquiry; 6.focusing students’ attention on 
procedures of science. Based on this, we conjectured that this interdisciplinary approach 
to integration relied perhaps too heavily on (not yet existing) routines and skills for the 
various procedures involved in empirical research, on subject matter knowledge (with 
respect to speed) that was rather difficult, and on teachers’ ability to effectively scaffold 
the question-centered inquiry. The lesson series thus constrained these teachers too 
much. In reflecting on these observations, it was conjectured that a question-centered 
integrating agent was too demanding for teachers who have relatively little experience 
with the procedural domain of science knowledge. Other integrating agents might perhaps 
provide better opportunities for integration in the primary education context.

A different teaching experiment was conducted and described in chapter 5. In this lesson 
series, which was conducted in two classrooms (N=45), a storyline approach was used as 
an integrating agent to integrate science with history and geography. The story used was 
the voyage of Darwin on the Beagle. Various elements of the story were highlighted to 
trigger the curiosity of the students and set processes of shared meaning making going, 
such as the question of how the Beagle could find its way on the big oceans. The storyline 
approach represented an experience-centered approach to inquiry-based science learning 
and focused on the social domain of scientific knowledge. The study aimed at mapping 
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demands put on teachers as well as output in terms of knowledge, skills and attitudes. 
Classroom observation data were gathered, teachers were interviewed, student materials 
were collected and students were asked to write a learner report on their experiences. All 
transcribed documents were uploaded in the software program Atlas.ti 6.0 for directed 
content analysis followed by constant comparison techniques. 

The results indicated that most problems reported in the previous study reported in 
chapter 4 appeared to be absent or far less demanding to the teachers. Two things still 
bothered teachers: having sufficient content knowledge; and the complexities of moni-
toring and stimulating students’ conceptual development. One new demanding problem 
on ”goal orientation” was identified that constrained teachers: teachers struggled with 
formulating lesson goals and with connecting these to the Dutch core objectives and to 
the textbooks they normally used. 

Several positive outcomes that were predicted on the basis of the literature review 
were confirmed in this case study. Many higher-order thinking skills and competences 
(“21st-century skills”) were encountered: students were highly involved, teachers enjoyed 
the lessons and were committed to successful completion of the activities and the time 
spent on science increased significantly. 

Although there were some differences in the research setup between chapter 4 and 
5, it was concluded that the storyline approach, an experience-based integrating agent, 
seemed easier for primary teachers in the current situation to use. The approach stimu-
lates curiosity, cooperation and open discussing and sharing of ideas and problem-solving 
experiences. The experience-centered approach to inquiry-based science learning with a 
focus on developing knowledge and skills from the social domain of science appeared to 
fit better into the established routines of the primary education students and teachers. 

Based on the results, the most important contribution of this dissertation was the con-
struction and validation of a model for curriculum integration. The model distinguishes 
between different levels of integration, ranging from teaching subjects in isolation to the 
most complex level of transdisciplinary integration. In complex levels of integration, the 
original subjects are integrated in such a manner that the teaching time, assessment, 
activities and lessons goals are shared. The types of goals in a teaching activity have much 
influence on the level of integration. Complex forms of integration have activities with 
lesson goals that are no longer attributed to a specific school subject but are related to 
holistic contexts and also stimulate higher-order thinking skills. 

The model distinguishes between (differences in the complexity of) integrating agents 
that are used to glue lessons, goals and activities together into a new meaningful construct. 
Some agents put less demands on teachers, thereby realizing the desired output with less 
effort than other agents. 
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The input and output associated with implementing integrated curricula are the 
third characteristic of the presented model of integration. The model is helpful when 
implementing integrated curricula because it allows for a conscious choice for a specific 
integration level and integrating agent and visualizes the desired output and amount of 
input associated with that level of integration. 

Several reflections can be made with respect to the model. The first is that the charac-
teristics of the model are likely important for all school types, from primary to tertiary 
education. The model and the underlying framework of integration types can be useful 
to compare research efforts and to design and implement integrated curricula for all 
school types. 

A second point of reflection is on the different integrating agents that can be used. For 
many primary school teachers, doing without the textbooks and subject-specific lesson 
goals is constraining. They need a new integrating agent. In this dissertation, the effects 
of using a question-centered agent and an experience-centered agent were explored. 
However, there is range of other integrating agents that could be tested for use in inte-
grated curricula, such as problem-based learning, project-based learning and game-based 
learning. The agents have in common that they rely on holistic contexts.

This also relates to the third consideration, regarding stimulating students’ 21st-cen-
tury skills and positive attitude towards S&T. The model of integration indicates that 
integrated activities are a suitable way to stimulate 21st-century skills and create high 
student involvement with S&T. However, the model also shows that when attempting this, 
high demands are put on teachers. 

The fourth and last consideration is the importance of teacher commitment and 
confidence. Teachers involved in the research of this dissertation who came into contact 
with integrated science presented in a real-life context found that science teaching was 
less complex than they had thought. Teachers became enthusiastic and committed, and 
had increased self-efficacy after teaching integrated S&T activities, and could therefore 
be more capable of teaching S&T. 

Since our studies regarding the integration model had an exploratory character and were 
based on qualitative data, future research with a more quantitative or experimental setup 
is necessary to validate the proposed model. It would be interesting to research in more 
depth the input and output associated with specific levels of integration as well as testing 
a range of integrating agents in a comparable research setup and determining effect sizes 
with a quantitative approach. 

Nevertheless, the model can already be used in practice for making a conscious choice 
on what level of integration to use. It makes clear what input is needed and what output 
can be expected when plans are formulated to implement integrated activities in school. 
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For teacher education, it is suggested that teachers need real classroom experiences 
with S&T in an integrated real-life context to prevent biased conceptions about S&T and 
S&T teaching and thereby preventing unjustified negative attitudes and low self-efficacy. 
Also, teacher education can use the findings in this dissertation to construct professional 
development programs that take into account the demands that are put on teachers 
when teaching integrated activities. A key point to address, besides content knowledge 
and domain-related teaching pedagogies, is the ability of teachers to think critically and 
implement lessons independent of textbooks and stimulate goal-oriented thinking. 
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Samenvatting 

Geïntegreerde curricula: 
een benadering om Wetenschap & Technologie te versterken in het primair onderwijs 

Wetenschap en technologie (W&T) spelen een belangrijke rol in de samenleving. In het 
dagelijks leven maakt iedereen gebruik van technologie en daarnaast hebben veel mensen 
het nodig in hun professionele bestaan. Wetenschappelijk denken helpt ons de natuurlijke 
fenomenen die onze wereld vormen te begrijpen, te voorspellen en te beheersen. 
Wetenschappelijke ontdekkingen bieden daarnaast de basis voor het omgaan met de 
uitdagingen van onze tijd. De samenleving heeft behoefte aan werknemers die expertise 
in en affiniteit met W&T hebben. Teveel leerlingen verliezen al op jonge leeftijd de ambitie 
om een loopbaan in W&T na te streven, vaak al tijdens het primair onderwijs. In Neder-
land heeft W&T-onderwijs in het curriculum van het primair onderwijs een kleine, bijna 
verwaarloosbare, positie. Leerkrachten in het primair onderwijs voelen zich vaak onzeker 
en niet in staat tot het onderwijzen van W&T. Daarnaast is het curriculum van het primair 
onderwijs al overbelast. Dat maakt het niet aantrekkelijk om W&T vorm te geven als een 
zelfstandig vak dat extra tijd vraagt.

In dit proefschrift zijn daarom geïntegreerde curricula onderzocht als een middel 
om W&T in het primair onderwijs te versterken. Geïntegreerde W&T-curricula zijn cur-
ricula waarin W&T wordt gecombineerd met andere schoolvakken, zoals rekenen, taal, 
geschiedenis of aardrijkskunde. Het begrip curriculum heeft in dit proefschrift de bete- 
kenis van een leerplan met instructiematerialen en een pedagogische aanpak voor een 
lessenserie. Echter, eerder onderzoek biedt weinig informatie over hoe leerkrachten 
W&T-onderwijs ervaren en in welke mate zij integratie beschouwen als een haalbare optie 
om de aandacht voor W&T in hun onderwijs te vergroten. Er is ook veel conceptuele 
onduidelijkheid over wat curriculaire integratie is. Tevens is er nog geen goed overzicht 
van potentiële opbrengsten, beperkingen en (onderwijs)eisen die komen kijken bij de 
integratie van W&T. Het doel van dit proefschrift was om bij te dragen aan de aanpak van 
deze kwesties. Het proefschrift ging in op de volgende onderzoeksvragen:
1 Welke opvattingen rapporteren leerkrachten in het primair onderwijs met betrekking 

tot het implementeren van (geïntegreerd) W&T-onderwijs?
2 Welke soorten (W&T-)integratie, en welke input (eisen, voorwaarden, ondersteuning, 

faciliteiten, enz.) en output (motivatie, onderwijstijd, prestatie) die samenhangen met 
deze soorten integratie, worden in de literatuur gerapporteerd zowel wat betreft 
leerkrachten als leerlingen?

3 Welke inbreng van leerkrachten is nodig bij het implementeren van specifieke inte-
gratietypes in de klas en welke resultaten zijn er te behalen?
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Om deze vragen te beantwoorden, zijn in dit proefschrift opvattingen van leerkrachten in 
het primair onderwijs over het onderwijzen van W&T onderzocht (hoofdstuk 2), is litera- 
tuuronderzoek gedaan naar verschillende soorten integratie (hoofdstuk 3), en zijn twee 
verschillende benaderingen om W&T te integreren in het curriculum  van het primair 
onderwijs verkend (hoofdstukken 4 en 5). Het empirische deel van het onderzoek werd 
uitgevoerd met een kleine aantal leerkrachten uit het primair onderwijs in Zuid-Nederland.
 
Leerkrachten zijn cruciaal voor de implementatie van (geïntegreerd) W&T-onderwijs. 
Echter veel leerkrachten in het primair onderwijs in Nederland vermijden het onderwijzen 
van W&T; de hoeveelheid tijd die aan W&T wordt besteed is een van de laagste in de 
OESO-landen. Het is bekend dat leerkrachten met een negatieve houding ten opzichte 
van W&T minder tijd besteden aan het onderwijzen hiervan en een minder geloof hebben 
in eigen kunnen voor wat betreft het onderwijzen van W&T. Opvattingen van leerkrachten 
zijn daarom een belangrijke factor om rekening mee te houden bij het streven om geïn-
tegreerde W&T-activiteiten te implementeren. Deze opvattingen stonden centraal in de 
eerste studie in dit proefschrift, gerapporteerd in hoofdstuk 2. Leerverslagen (Learner 
reports) van leerkrachten in het primair onderwijs (N = 139) die deelnamen aan een pro-
fessionaliseringsprogramma werden geanalyseerd voor wat betreft de opvattingen van die 
leerkrachten. De learner reports werden gebruikt om de leerervaringen van leerkrachten 
in het primair onderwijs met betrekking tot W&T te onthullen. In verschillende iteraties 
van gegevensanalyse werden de rapporten gecodeerd met betrekking tot leerervaringen 
die te maken hadden met leerregels en leer uitzonderingen. Leerregels betreffen feiten en 
gemeenschappelijke wetten die worden geleerd; het leren van uitzonderingen gaat over 
uitzonderingen op regels zoals de verrassingen en ogen-openende gebeurtenissen die 
worden ervaren. De categorieën die geïdentificeerd werden hadden betrekking op domein 
gerelateerde didactiek, de houding van leerkrachten ten opzichte van W&T(-lesgeven) en 
hun meningen over curriculumintegratie.

Drie belangrijke resultaten werden gevonden: (1) leerkrachten primair onderwijs 
waren positief verrast door de reeds bestaande mogelijkheden om vormen van onder-
zoekend leren in W&T-onderwijs te realiseren; (2) negatieve attitudes met betrekking 
tot W&T-onderwijs werden tegengegaan door hun ervaringen met het daadwerkelijk 
onderwijzen van W&T; en (3) leerkrachten waren verrast door de hoeveelheid W&T die 
al in hun lessen was geïntegreerd zonder dat ze zich daarvan bewust waren. De learner 
reports leverden daarnaast ook een overzicht op van de leraar houdingen ten opzichte 
van W&T-integratie in het curriculum. Leerkrachten zagen volop mogelijkheden en gaven 
aan het wenselijk te vinden om W&T te integreren in hun onderwijs door middel van 
contexten uit het dagelijks leven en via vormen van onderzoekend leren. Een expliciete 
focus op integratie van W&T met andere schoolvakken zou daarom een haalbare strategie 
kunnen zijn om het W&T-onderwijs te versterken. Ten slotte toonde de studie aan dat 
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analyse van leerervaringen met een focus op leerregels en uitzonderingen op deze regels 
een geschikt kwalitatief hulpmiddel was om vooringenomen attitudes en opvattingen over 
W&T-onderwijs bloot te leggen.
 
Verschillende wetenschappers hebben geschreven over integratie, hoewel ze niet altijd 
expliciet de term curriculumintegratie  gebruikten. Er zijn verschillende benaderingen 
en vormen van integratie ontworpen, gekarakteriseerd en soms empirisch onderzocht. 
Daarom is er behoefte aan een kader dat de verschillende benaderingen van integratie in 
het primair onderwijs beschrijft en vergelijkt. Een dergelijk raamwerk kan nuttig zijn voor 
het ontwerpen van geïntegreerde curricula. Het construeren van een raamwerk voor geïn-
tegreerd W&T-onderwijs was de focus van de tweede studie in dit proefschrift. Hoofdstuk 
3 beschrijft een literatuurstudie over geïntegreerde curricula in het primair onderwijs. 
Het evalueert empirische studies over geïntegreerde W&T-curricula (meestal in de vorm 
van uitgebreide lessenseries) in het primair onderwijs en beschrijft de belemmeringen en 
voordelen van geïntegreerde curricula om zo scholen en leerkrachten te ondersteunen 
bij een geïnformeerde besluitvorming over implementatie van geïntegreerde curricula.  
Onderzoeksartikelen uit de periode van 1994 tot 2011 betreffende de integratie van W&T 
met taal of rekenen werden gecategoriseerd volgens een, uit literatuur gesynthetiseerde, 
taxonomie van integratietypes. Er werd een focusgroep met experts gevormd om het 
analyseproces en voorlopige conclusies te bespreken.

De studie resulteerde in een voorlopig model van geïntegreerde curricula dat benade-
ringen van integratie relateerde aan vereiste input en verwachte output vanuit leerkrachten 
en leerlingen. Het model beschreef integratie in termen van zes opeenvolgende niveaus 
van complexiteit: geïsoleerd, verbonden, genest, multidisciplinair, interdisciplinair en trans-
disciplinair. In de meeste onderzoeken werden positieve effecten van curriculumintegratie 
gerapporteerd. De motivatie en waardering van leerlingen voor W&T nam toe en de meeste 
projecten rapporteerden een toename van de tijd die aan W&T-onderwijs werd besteed. 
De onderzochte studies rapporteerden ook de waardering van leerlingen voor leerresul-
taten die niet beperkt bleven tot W&T, maar ook andere gebieden besloegen en zinvol en 
nuttig zijn in het dagelijks leven. Leerkrachten bleken deze doelen te waarderen en posi-
tieve effecten op de motivatie van leerlingen voor geïntegreerde W&T-activiteiten werden 
gerapporteerd. Dit verhoogde ook het vertrouwen in eigen kunnen en de toewijding van 
leerkrachten. Leerkrachten waren over het algemeen gemotiveerd en optimistisch over 
het lesgeven in W&T. Het model veronderstelde ook dat de complexe niveaus van inte-
gratie meer opbrengsten zullen hebben in termen van leerresultaten, zoals hogere orde 
en 21e-eeuwse vaardigheden. De verwachting is dat het enthousiasme en de inzet van 
de leerlingen en leerkrachten toenemen met complexere integratieniveaus. Tegelijk-
ertijd zullen de meer complexe integratieniveaus meer inspanning vragen: hogere leraar 
betrokkenheid, een grotere omvang en duur van het curriculum. Daarnaast is een grotere 
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hoeveelheid en kwaliteit van diepgaandere professionele ontwikkeling voor leerkrachten 
nodig, evenals meer steun van het schoolmanagement en meer faciliteiten.
 
Er zijn veel manieren om geïntegreerde curricula in het primair onderwijs te implemen-
teren. In dit proefschrift is ervoor gekozen om het interdisciplinaire integratieniveau in de 
praktijk te onderzoeken. Bij deze vorm van curriculumintegratie overstijgen leerdoelen, 
lesactiviteiten en beoordeling de monodisciplinaire vakken en is er een verbindend principe 
(integrating agent) nodig om de structuur te vervangen die anders door de schoolvakken 
zou worden gegeven. Het verbindend principe combineert de educatieve activiteiten op 
een zodanige manier dat leerlingen een samenhangend geheel ervaren zonder de her-
kenbare aanwezigheid van de traditionele schoolvakken. De verbindende principes in 
dit proefschrift waren gerelateerd aan de didactiek van onderzoekend leren. De eerste 
empirische studie, beschreven in hoofdstuk 4, onderzocht een vraaggericht verbindend 
principe; de tweede, beschreven in hoofdstuk 5, verkende een ervaringsgericht verbindend 
principe. Het implementeren van dergelijke geïntegreerde activiteiten stelt waarschijnlijk 
hoge eisen aan de leraar. Het verkennen van de aard van deze eisen en het vaststellen van 
de opbrengsten die voortkomen uit de integratie aanpak is een belangrijke doelstelling 
van de empirische studies die in hoofdstuk 4 en 5 zijn beschreven.

Hoofdstuk 4 rapporteerde over een onderwijsexperiment in vier groep 8 klassen (N = 
73) waar W&T via interdisciplinaire integratie werd geïntegreerd met rekenen. De context 
van het experiment was een probleem dat procedurele kennis uit het wetenschappelijke 
domein vereiste en een vraaggerichte benadering van onderzoekend leren als verbindend 
principe gebruikte. Het doel was dat leerlingen een natuurkundig en rekenkundig begrip 
van ‘ snelheid’ zouden ontwikkelen door middel van experimenten en metingen die ze 
zelf hadden ontworpen en uitgevoerd. Leerlingenwerk, audio- en video-opnames van de 
lessen, reflectieve interviews met de leerkrachten en veldnotities werden geanalyseerd 
op kritische episodes. 

Het bleek dat leerkrachten moeite hadden met het uitvoeren van de lessenserie. 
Deze problemen werden geanalyseerd en voorlopig beschreven in termen van eisen of 
beperkingen. Er waren zes belangrijke uitdagingen voor leerkrachten: 1. het hebben van 
voldoende inhoudelijke kennis; 2. het kunnen volgen en stimuleren van de conceptuele 
ontwikkeling rondom snelheid; 3. het gebruik kunnen maken van de juiste terminologie; 
4. de denkprocessen van leerlingen kunnen verbinden; 5. het kunnen stimuleren van de 
betrokkenheid van leerlingen bij vraaggericht onderzoek; 6. de aandacht van leerlingen 
kunnen richten op procedures tijdens een empirisch onderzoek.

Op basis van de resultaten, veronderstellen we dat de interdisciplinaire bena-
dering van integratie misschien te zwaar leunde; op (nog niet bestaande) routines en 
vaardigheden betreffende de verschillende procedures die betrokken zijn bij empirisch 
onderzoek, op de complexe kennis van het onderwerp snelheid, en op het vermogen 
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van leerkrachten om effectief de vraaggerichte manier van onderzoekend leren te onder- 
steunen. De lessenserie riep dus te veel beperkingen op voor de betrokken leraren. Bij het 
reflecteren op deze waarnemingen, werd verondersteld dat een vraaggericht verbindend 
principe te veeleisend was voor leerkrachten die relatief weinig ervaring hebben met het 
procedurele domein van wetenschappelijke kennis. Andere verbindende principes bieden 
mogelijkerwijs betere kansen voor vakkenintegratie in het primair onderwijs.
 
Een ander onderwijsexperiment werd uitgevoerd en beschreven in hoofdstuk 5. In deze 
lessenserie, die werd uitgevoerd in twee klassen (N = 45), werd een verhalend ontwerp 
gebruikt als verbindend principe om W&T te integreren met geschiedenis en geografie. 
Het gebruikte verhaal was de reis van Darwin op zijn schip ‘the Beagle’. Verschillende 
elementen van het verhaal werden benadrukt om de nieuwsgierigheid van de leerlingen 
te activeren en gedeelde betekenisverlening op gang te brengen. Bijvoorbeeld de vraag 
hoe de Beagle zijn weg kon vinden op de oceanen. Het verhalend ontwerp vertegen-
woordigde een ervaringsgerichte benadering van onderzoekend leren en was gericht op het 
sociale domein van wetenschappelijke kennis. Het onderzoek was gericht op het in kaart 
brengen van de eisen die aan leerkrachten worden gesteld en op de opbrengsten van het 
onderwijs in termen van kennis, vaardigheden en attitudes. Klaslokaal observaties werden 
verzameld, leerkrachten werden geïnterviewd, materiaal van leerlingen werd ingenomen 
en er werd hun gevraagd om een verslag van de leerervaringen te schrijven. Alle getran-
scribeerde documenten werden geüpload in het softwareprogramma Atlas.ti 6.0 voor een 
gerichte inhoudsanalyse gevolgd door een techniek van “constante vergelijking”.

De resultaten wezen erop dat de meeste problemen die in de vorige studie werden 
gerapporteerd, zoals beschreven in hoofdstuk 4, niet voorkwamen of de leraren minder 
moeite kostten. Twee aspecten legden nog steeds druk op de leerkrachten: het hebben 
van voldoende inhoudelijke kennis en de complexiteit van het monitoren en stimuleren 
van de conceptuele ontwikkeling van leerlingen. Er werd één nieuw probleem gevonden 
rondom ‘doelgerichtheid’ dat de leerkrachten beperkte. Leerkrachten worstelden met het 
formuleren van leerdoelen en met het verbinden van deze doelen met de Nederlandse 
kerndoelen en de methodeboeken die ze normaal gebruikten.

Verschillende positieve resultaten zoals voorspeld op basis van de literatuurstudie 
werden in deze casestudy bevestigd. Veel hogere orde vaardigheden en competenties 
(‘21e -eeuwse vaardigheden’) werden aangetroffen; leerlingen waren zeer betrokken; leer-
krachten genoten van de lessen en waren vastbesloten om de activiteiten succesvol af te 
ronden; en de tijd besteed aan de W&T was aanzienlijk toegenomen.

Er werd, ondanks de verschillen in de onderzoeksdesigns tussen hoofdstuk 4 en 5, 
geconcludeerd dat het verhalend ontwerp, als een ervaringsgerichte manier van onder- 
zoekend leren, voor leerkrachten in het huidige primair onderwijs gemakkelijker leek om 
als verbindend principe te gebruiken. De aanpak stimuleert nieuwsgierigheid, samen-
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werking en het gezamenlijk bespreken van ideeën en het oplossen van problemen. De 
ervaringsgerichte manier van onderzoekend leren, met meer aandacht voor kennis 
en vaardigheden uit het sociale domein van wetenschap, leek beter te passen bij de 
bestaande routines van de leerlingen en leerkrachten in het primair onderwijs.
 
Gebaseerd op de resultaten van het onderzoek is de belangrijkste bijdrage van dit 
proefschrift het ontwerp en de validatie van een model voor curriculum integratie. Het 
model maakt onderscheid tussen verschillende integratieniveaus, in gradaties van onderwijs 
met geïsoleerde vakken tot het meest complexe niveau van transdisciplinaire integratie. Bij 
complexe integratieniveaus worden de originele vakken zodanig geïntegreerd dat de les- 
doelen, toetsen, activiteiten en lestijd worden gedeeld. De aard van de lesdoelen hebben 
veel invloed op de mate van integratie. Complexe vormen van integratie hebben activiteiten 
met doelen die niet meer worden toegeschreven aan een bepaald vak, maar zijn gerelateerd 
aan holistische contexten en het stimuleren van hogere orde denkvaardigheden.

Het model maakt ook onderscheid tussen (complexiteit van) verbindende principes die 
worden gebruikt om leerdoelen en activiteiten betekenisvol samen te voegen. Sommige 
verbindende principes stellen minder eisen aan leerkrachten, waardoor ze de gewenste 
opbrengst realiseren met minder inspanning dan met andere verbindende principes.

De input en output gerelateerd aan het implementeren van geïntegreerde curricula 
vormen het derde kenmerk van het gepresenteerde integratiemodel. Het model is nuttig 
bij het implementeren van een geïntegreerd curriculum omdat het een bewuste keuze 
mogelijk maakt voor een bepaald niveau van integratie en verbindend principe. Tevens 
visualiseert het model de gewenste output en hoeveelheid input  in relatie tot het be- 
treffende niveau van integratie.

 
Op basis van het model zijn een aantal overwegingen te maken. De eerste is dat de 

kenmerken van het model waarschijnlijk van betekenis zijn voor alle schooltypen, van het 
primair tot en met het hoger onderwijs. Het model en het onderliggende raamwerk van 
integratietypes kan nuttig zijn om onderzoeksinspanningen te vergelijken en om geïnte-
greerde curricula in diverse schooltypen te ontwerpen en implementeren. 

Een tweede punt van reflectie betreft de verschillende verbindende principes die 
kunnen worden gebruikt. Voor veel leraren in het primair onderwijs is het loslaten van 
leerboeken en vak gerelateerde lesdoelen lastig. Ze hebben een nieuw verbindend prin- 
cipe nodig. In dit proefschrift werden de effecten van twee verbindende principes ver- 
kend, namelijk van een vraaggerichte benadering en van een ervaringsgerichte benadering 
op onderzoekend leren. Er kan echter een scala aan verbindende principes onderzocht 
worden om in te zetten bij curriculumintegratie. Bijvoorbeeld probleemgestuurd leren, 
projectmatig leren en leren op basis van games. De verbindende principes bouwen voort 
op holistische contexten. 
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Dit sluit aan op de derde overweging, deze heeft betrekking op het stimuleren van 
hogere orde denkvaardigheden en een positieve houding ten opzichte van W&T. Het 
integratiemodel geeft aan dat geïntegreerde activiteiten een geschikte manier zijn om 
21e -eeuwse vaardigheden te stimuleren en een hoge leerlingbetrokkenheid bij W&T te 
creëren. Het model laat echter ook zien dat bij het toepassen hoge eisen aan leerkrachten 
worden gesteld. 

De vierde en laatste overweging is het belang van leerkracht toewijding en vertrouwen. 
De leerkrachten die bij het onderzoek in dit proefschrift betrokken waren en als gevolg 
daarvan in contact kwamen met W&T als onderdeel van een geïntegreerde dagelijkse 
context, vonden dat W&T minder complex was dan ze dachten. Leerkrachten werden 
enthousiast, toegewijd en hadden een grotere zelfeffectiviteit na het onderwijzen van 
geïntegreerde W&T-activiteiten, waardoor ze wellicht ook beter in staat zijn om effectief 
W&T-onderwijs te verzorgen.
 
Omdat onze studies met betrekking tot het integratiemodel een verkennend karakter 
hadden en gebaseerd waren op kwalitatieve gegevens, is toekomstig onderzoek met een 
meer kwantitatieve of experimentele opzet nodig om het voorgestelde model te valideren. 
Het zou interessant zijn om, diepgaander onderzoek te doen naar de benodigde input 
en verwachtte output bij specifieke integratieniveaus, meerdere verbindende principes 
in vergelijkbare onderzoeksdesigns te testen en om effectgroottes te bepalen met kwan-
titatieve benaderingen.

Desalniettemin zou het model in de praktijk al gebruikt kunnen worden om bewust 
te kiezen welk integratieniveau gebruikt kan worden in een bepaalde situatie. Het model 
maakt duidelijk welke input er nodig is en welke output kan worden verwacht wanneer 
plannen worden gevormd om geïntegreerde activiteiten op school te implementeren. 
Voor lerarenopleidingen wordt aanbevolen dat leraren in opleiding tijdens hun studie 
ervaringen op doen met het lesgeven van geïntegreerde W&T-activiteiten waardoor 
onterecht negatieve opvattingen over en een lage zelfeffectiviteit met betrekking tot W&T 
en W&T-onderwijs voorkomen kunnen worden. Ook kunnen lerarenopleidingen van de 
bevindingen in dit proefschrift gebruikmaken door bij het ontwikkelen van nascholings-
activiteiten rekening te houden met de eisen die aan leerkrachten worden gesteld bij het 
onderwijzen van geïntegreerde activiteiten. Een belangrijk aandachtspunt, naast kennis 
en vakdidactiek, is het vermogen van leerkrachten om kritisch na te denken en lessen 
onafhankelijk van lesmethoden te kunnen geven en doelgericht denken bij hun leerlingen 
te stimuleren.
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In dit proefschrift is curriculumintegratie onderzocht als een middel om Wetenschap & 
Technologie in het primair onderwijs te versterken. Hierbij wordt Wetenschap & Techno-
logie gecombineerd met andere schoolvakken zoals rekenen, taal, geschiedenis of aard-
rijkskunde. Het onderzoek heeft geleid tot een integratiemodel dat het mogelijk maakt 
voor basisscholen, leerkrachten en onderzoekers om, tijdens het implementeren van 
geïntegreerde curricula, een bewuste keuze te maken voor (1) een bepaalde complexiteit 
van integratie en de daarmee samenhangende leeropbrengsten en (2) voor een passend 
integrerend principe (in dit proefschrift aangeduid met de term ‘integrating agent’) dat voor 
een betekenisvolle samenhang moet zorgen. Het model geeft inzicht in wat er wel en niet 
van integratie verwacht mag worden (output) en wat er nodig is (input) om Wetenschap & 
Technologie te integreren met andere schoolvakken.


