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2.1 INTRODUCTION

According to Rocard et al. (2007), out-of-school science activities - activities 

during school hours using learning environments outside the school - can play a 

significant role in promoting science education. They appeal for strengthening 

the link between science out-of-school and inside schools. Moreover, in the 

more recently written report of Eurydice (Forsthuber, Motiejunaite, & De 

Almeida Coutinho, 2011), which aimed to improve and foster science teaching 

and learning in education systems in Europe, the importance of establishing and 

fostering collaborations between schools, universities and stakeholders outside 

the school was stressed. In addition, Bevan et al. (2010) reported that collaboration 

between schools and out-of-school organizations have potentials. Still there 

is much unknown about the constraints and successes of these collaborations 

(Kisiel, 2014). This study contributes to the research on collaborations between 

schools and out-of-school facilities by mapping the properties of an optimal 

starting position for collaboration in a science network and by illustrating how 

these properties can be investigated by means of a baseline picture.

2.1.1 Using Curious Minds approach in connected in-school and out-of-school 

programs

In 2006, the Dutch nationwide research project Curious Minds was initiated, 

bringing seven universities across the Netherlands together to investigate and 

promote children’s talent for science and technology. The project’s view is that 

potential unexplored talents for science should be evoked and stimulated in 

all pupils. This perspective derives from the assumption that talents emerge 

and develop in an optimal context in which pupils, adults (classroom teacher 

or instructor of the out-of-school activity) and materials interact (Steenbeek 

& Uittenbogaard, 2009; Steenbeek, Van Geert, & Van Dijk, 2011; Steenbeek, 

Jansen, & Van Geert, 2012; Van der Steen, Steenbeek, & Van Geert, 2012). 

Through interaction, science talent can enter into a positive spiral of change, in 

2
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which increasing levels of talent yield further increase in these levels of talent 

(Steenbeek, Van Geert, & Van Dijk; Wetzels, 2015). These potential talents 

can be recognized by a range of properties, including interest, curiosity (Van 

Benthem, Dijkgraaf, & De Lange, 2005), inquiry, problem solving, and scientific 

reasoning (Meindertsma, 2014; Van der Steen, 2014; Wetzels, 2015; Zimmerman, 

2000). These potential science talents develop through interaction with the 

environment (Wetzels, 2015). Adults (e.g., teachers) are part of this environment, 

and must learn to observe these talents in order to be able to stimulate their 

development (Steenbeek, Van Geert, & Van Dijk, 2011; Van Benthem et al. 2005). 

This can be done by being less focused on transferring declarative knowledge, 

which is the dominant form in traditional science education (Krajcik & Blumenfeld, 

2006; Scardamalia & Bereiter, 2006), and more focused on promoting conceptual 

understanding (Ohlsson et al., 2000), for instance by asking questions (Van 

Vondel, Steenbeek, Van Dijk & Van Geert, 2016b).

A stimulating learning environment for science is important to stimulate 

curiosity and motivation (Blumenfeld, Kempler, & Krajcik, 2006), which might 

consequently encourage pupils to opt for science studies later in their educational 

careers (James et al., 2006). Out-of-school facilities, such as museums, mobile 

planetariums and science centers, offer physical environments with authentic 

material about real-world issues, and this leads to excitement about and interest 

in science (Rickinson et al., 2004). Because of the importance of stimulating 

potential science talent using effective partnerships with outside schools 

organizations, the Dutch Orion Program was initiated in 2010 to establish 

science networks − intensive collaboration programs between schools and 

out-of-school facilities offering these stimulating environments. The aim of the 

program was to offer a context in which optimally connected in-school and out-

of-school programs could be developed and conducted to elicit and develop 

potential science talents of primary school pupils and their teachers. Out-of-

school activities are highly valued resources for pupils’ learning (Tal et al., 2005). 

There is considerable evidence showing that out-of-school science programs are 

effective (Griffin, 2004), especially if they are connected to the school curriculum 

(DeWitt & Osborne, 2007; Kisiel, 2014; Tal & Morag, 2007; Tenenbaum et al., 2004). 

2.1.2 Shared goals and the role of key players and out-of-school facilities: 

optimal fit

To define preconditions for successful collaboration between schools and out-

of-school science facilities, we used the theoretical framework of the community 

of practices (Kisiel, 2010, 2014; Wenger, 1999). According to this framework, 

members of a community should be mutually engaged in a particular practice, 

share the same goals about the practice, and share resources with regard to the 
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practice in order for collaboration to be successful (Wenger, 1999). In a sense, 

a science network can be conceived of as a community of practice. However, 

key players in schools, for example, a teacher who is responsible for science 

in the school and key players outside the school, for example, the educator 

responsible for organizing the visits of school classes, tend to work in their own 

limited contexts, and therefore have their own goals for a fruitful collaboration 

(DeWitt & Osborne, 2007; Kisiel, 2014). Overcoming or bridging the different 

perspectives on goals that might negatively interfere or conflict (Hofman, 

Vandenberghe, & Dijkstra, 2008; Kisiel, 2014) with the overall collaboration 

requires complex mediation between both parties (cf. Hofman et al., 2008). It 

is important to create a mutual understanding about the shared goals in order 

for the intervention to succeed (Timperley & Parr, 2005). As Tal & Steiner (2006) 

state, the educational benefits of an out-of-school visit rely on how well goals 

are communicated between the out-of-school facility and visiting schools. If the 

goals are communicated, this enables the schools and the out-of-school facility 

to potentially adapt to one another.

The role of key players in the school in this collaboration process is crucial. 

Key players in the school (e.g., teachers who are inspiring for other teachers 

[primus inter pares], coordinators, school managers) are crucial factors in school 

improvement and school innovations (Craig, Munro, & Hopkins, 2011), and they 

share responsibility for the quality of new implementations (cf. key stakeholders: 

Durlak, 2013). Key players have knowledge about all the layers in the school 

system. They have an important role in creating shared goals inside the school 

by inspiring the team of teachers (Craig et al., 2011), motivating teachers to 

participate in the collaboration, and stimulating science learning through out-

of-school activities. Admittedly, it is quite likely that managerial key players (e.g., 

principals, school managers) and educational key players (e.g., coordinators, 

inspiring teachers) may have partially overlapping and partially contrasting, or 

even conflicting roles. Managers, for instance, have more influence at a school 

level, and have strong connections with the outside school level, whereas 

teachers have influence on the classroom level while also participating at a 

school level. Nevertheless, irrespective of their role in the school, key players 

are important mediators for ensuring maximum success in the collaboration 

between the in-school and out-of-school programs. Not only are key players 

inside the school responsible for shared goals inside the school, but they also 

play a representative role in sharing these goals with the outside school facilities 

in order to create mutual understanding of these goals in the science network. 

One way to better facilitate mutual understanding between the key players 

in schools and the key players of out-of-school activities is to examine and 

compare the goals of both parties, and to consider possible areas for adjustment. 

2
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Educational goals are not always formulated intentionally or explicitly, but instead 

they emanate from articulated deficits or concerns in education (Emmelot, 

Ledoux, Veen, & Breetvelt, 2008). It is therefore important to investigate explicit, 

as well as implicit goals of key players.

2.1.3 Interventions in a multilevel educational system and school characteristics

Both schools and out-of-school science facilities are part of an educational 

system, and this system comprises several nested levels, namely classroom level 

(the teacher and the pupils), school level, and outside school level (Childress et 

al., 2009). Effective educational reform affects all levels of the educational system 

in a positive way (Craig et al., 2011; Goldspink & Kay, 2004). To initiate, maintain, 

and improve the collaboration between schools and a science network, the 

goals of the participants in the collaboration should be aligned at all levels 

(Hofman et al., 2008) . These differences in goals may occur between schools, 

but also within schools. Diversification of goals between, but also within, schools 

is becoming increasingly important, considering the diversity in school types 

(e.g., special schools) and different streams within schools (e.g., homogeneous 

grouping according to achievement or age). Consequently, schools with 

unique characteristics might differ largely in their goals for collaboration at all 

levels of the educational system, something which science networks should 

take into consideration. An example of a unique characteristic might be that 

in the Netherlands a relatively high percentage of pupils attend classes or 

schools separated from mainstream education. In addition, separation of gifted 

pupils in a “school-within-a-school” concept, and of high achieving pupils in 

part-time separation in pull-out classes are becoming more prevalent in the 

Netherlands (De Boer, Minnaert, & Kamphof, 2013). In these special schools, in 

which pupils are segregated from the mainstream, teachers trained in special 

needs education are assumed to be more capable in offering adapted education 

focused on the specific educational needs compared to regular school teachers. 

Another relevant characteristic is school size. This characteristic is interesting 

because educational research shows that smaller schools (less than 400 pupils) 

can be more effective in terms of support of pupils’ talent, effective leadership, 

responsiveness (Mertens, Flowers, & Mulhall, 2001) to pupils’ needs, and pupils’ 

achievement, than large schools (Lee & Loeb, 2000). Finally, a typically Dutch 

school characteristic is school’s pedagogical principle. The institutionalization of 

traditional reform pedagogy developed in the late 19th - early 20th century is still 

grounded in segregated reform education. To give an indication, in 2010, 2.78 % 

of all schools were based on the reform pedagogy of Peter Peterson − Jenaplan 

concept, and 4.92 % was based on the reform pedagogy of Helen Parkhurst 

− Dalton concept (Van der Veen, 2014). Reform schools are more focused on 

pupils’ active contribution to the learning process and pupils’ autonomous role 
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of the pupils in the learning process, than non-reform schools (Van der Ploeg, 

2013). To conclude, based on their characterization, schools might have different 

goals with regard to the different levels of the educational system when facing 

an intensive collaboration (cf. Craig et al., 2011; Fullan, 1994). 

2.1.4 Present study

When it comes to an optimal starting position for collaboration within a science 

network, it is suggested that communication about goals facilitates a successful 

implementation of out-of-school programs (Tal & Steiner, 2006). Moreover, if the 

communicated goals are shared for the purpose of collaboration between out-

of-school facilities and schools (Kisiel, 2010, 2014), this might help to foster the 

successful implementation of out-of-school programs. Therefore it is important 

to investigate to what extent the goals of out-of-school science programs in 

a science network are aligned with the goals of the schools. While doing so, it 

should be taken into account that schools will ultimately differ in their educational 

goals, dependent on school type, size and essential pedagogical concepts. A 

good way to investigate whether schools and science network share goals is 

by investigating the school’s key players’ goals related to the multiple levels of 

the educational system, and by comparing these goals with the purposes of a 

science network. To establish an optimal fit between the goals of the schools and 

the purposes of the science network, we need to know to what extent schools 

share similar or comparable goals, and to what extent they differ.

For this study, a baseline picture was developed to gather information about 

the goals of key players of the school with regard to the multilevel educational 

system, and about their focus on the collaboration, the Northern Netherlands 

Science Network (from here on: Science Network).5 The Science Network was 

established in 2010 in order to elicit and develop science talent of primary school 

pupils and their teachers, using the Curious Minds perspective (see introduction) 

in connected in-school and out-of-school programs. 

 The questions in this explorative study are as follows. Firstly, what are the 

properties of the starting position of all schools at the beginning of a collaboration, 

considering school’s key players’ goals about science education, science talent, and 

collaboration in a science network on different levels of the multilevel educational 

system? We expect key players to formulate goals on all levels, as educational 

changes, such as a new collaboration, affect all levels. We want to explore the 

goals related to these levels to find out which categories of goals are important 

for schools.

5 Partners of the Science Network: University of Groningen, Hanze University of Applied Sciences, twenty schools, and 

five institutes offering connected in-school and out-of-school programs.

2
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Secondly, how do the properties of starting positions differ between schools 

considering their characteristics – school type, size and pedagogical principles? 

Based on the introduction, we expect that schools with special pupils in 

segregated settings (separate school or separate class), small schools and reform 

schools will be more focused on the needs of the pupils (classroom level) than 

on other levels.

Thirdly, to what extent is the starting position for a collaboration in a science network 

optimal, considering the alignment of the school’s key payers’ goals and the purposes 

of the science network? The specific aims of the Science Network for different 

levels of the educational system are stimulating inquiry learning, curiosity and 

enthusiasm (at a classroom level), offering extended learning environments (at 

a school level), and connecting the activities to the school curriculum (outside 

school level). We expect that to some extent schools share the same goals as the 

Science Network, as the aims of the network were communicated prior to the 

study. We do not know exactly which goals are shared and to what extent they 

are related. 
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2.2 METHOD

2.2.1 Participants: schools and key players

The Science Network was introduced at a kick-off meeting in 2010 where all 

schools in the network of teacher training for primary education of the Hanze 

University of Applied Sciences and in the network of schools of the out-of-school 

facilities were invited. After this kick-off meeting ten schools decided to join in 

the Science Network and agreed to participate in the study. The ten schools 

differed in terms of school characteristics as described in 3.1.3 (see Table 1). 

These characteristics are as follows: school type (special versus regular), school 

size (large versus small), and pedagogical principle (reform versus non-reform). 

In this study, special schools are schools for special needs pupils, high achieving 

or gifted pupils. These special schools imply either full time separation from 

regular (Leonardo/school-within-a-school concept), or a part-time special class 

(enrichment pull-out class). Based on average class size in the Netherlands in 

2011 (Dekker, 2015), which was 22.6-23.3 (range 1-39), schools of 18 classes or 

less could be considered as small. However, in our study there was a gap between 

schools with up to seven classes and from 17 classes or more. Therefore, we 

considered schools with 17 or more classes as large. The third characteristic in 

which the schools differed was whether the school was a reform school or a non-

reform school. In this study two reform schools based on the philosophy of Helen 

Parkhurst (Dalton), one reform school based on the philosophy of Peter Petersen 

(Jenaplan), and six non-reform schools were included.

The key players of Case A were actually of two (special) schools, but they 

explicitly asked to be interviewed together as they strongly collaborate with 

each other, especially in the field of science. Discovering the educational goals 

of a particular school with regard to science and technology education, talent 

and collaboration implies that one should interview a representative variety 

of key players, i.e., managerial as well as educational key players. In this study 

the managerial key players were the school managers, and the educational key 

players were specialized teachers (Science/ICT/Culture or being a teacher with 

a high interest for science and talent development who is inspiring for other 

teachers). 

In three cases only the school manager was interviewed, due to the absence 

of the educational key player. One of the school managers also had teaching 

tasks. The interviewer was the coordinator of the Science Network at the time the 

interviews took place, and she served as an intermediary between the schools 

and the out-of-school organizations offering the programs. Her role was not only 

2
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to gather information concerning the schools’ key players’ goals about science, 

talent development, and the collaboration with the Science Network, but also 

to be explicit during the interview about the aims of the Science Network and 

the purpose of the programs. In this way, the interview served as a means to 

communicate the goals of the schools, of the network and its offered out-of-

school programs.

2.2.2 Procedure

To map the properties of an optimal starting position of schools with regard to 

their goals about science, talent development, and the collaboration with Science 

Network, we carried out in-depth interviews with the key players. The interviews 

took place in the school. With permission of the key players the interviews were 

audio-taped. The average duration of the interviews was two hours. We used 

a semi-structured interview design, which is a useful, and reliable method to 

gather spontaneous information or observations of respondents (Brinkmann, 

2014). We used this approach to investigate key players’ spontaneously and 

Case School type School sizec Pedagogical 
principle

Key players

A Special: special needs 
education

18 classes Non-reform Female coordinator
of culture education with teaching 
tasks; male teacher; female school 
manager

B Regular 17 classes Daltond Female coordinator of science with 
teaching task; male school manager

C Special: Leonardoa 3 classes Non-reform Female teacher; female school 
manager

D Special: pull-out classb 18 classes Daltond Male school manager with teaching 
tasks

E Special: Leonardoa 29 classes Non-reform Male school manager

F Regular 24 classes Jenapland Male coordinator of ICT with 
teaching tasks; male school 
manager

G Regular 4 classes Non-reform Female school manager

H Special: Leonardob 
and regular

7 classes Non-reform Male teacher; male school manager

I Regular 6 classes Non-reform Male teacher; male school manager

a Full-time separation of gifted pupils from regular education.
b Part-time separation of gifted and high achieving pupils from regular education.
c In this study: schools with 17 or more classes were considered as large.
d Reform schools.

Table 1

Overview of participating schools expounded to school characteristics and key players
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non-spontaneously uttered goals which could be explicitly formulated (e.g., we 

want to work on…) or implicitly mentioned (e.g., what could be improved is…). 

Also concerns in science education, talent development and collaboration with 

the Science Network (e.g., the problem we encounter is…) could be uncovered. 

To conduct the interview, a protocol was designed, based upon previously used 

protocols and products from the Curious Mind research program (Steenbeek, 

Van Geert, Hageman, et al., 2011). The interview protocol prescribed mandatory 

items to discuss. These mandatory items served as a guideline for conducting the 

interview and guaranteed the reliability of this study. In the protocol, suggestions 

for elaboration on answers and examples of questions were provided (see Table 2). 

Although goals related to these topics were explicitly asked in the interviews, 

the primary purpose of the interviews was not to formulate goals only. Current 

practices were also discussed in order to uncover intentions to change, wishes 

to work in another way (implicitly formulated goals), and concerns about the 

current practices. These expressions − implicitly and explicitly mentioned goals, 

as well as concerns − reveal directions that a collaboration with the Science 

Network should work towards. In this study, these goals and concerns are 

reported as one dimension: goals. 

2.2.3 Analyses

We firstly transcribed the audio recordings. In the case of two interviews, we 

wrote detailed reports directly after the interview, based on notes taken during 

the interview because of problems with the audio-recordings. These reports 

yielded detailed comparable information to the transcriptions. For transcribing 

the utterances of the respondents, the software Inqscribe (version 2.2) was used. 

Table 2 

Mandatory items discussed in the interview per phase

Category of the topic Mandatory items discussed in the interview

Introduction Goals of Science Network and expectations of the key players with regard to the 
collaboration, and explanation of procedure

Science education in 
school

Current position, goals and perspectives on science: school level and classroom 
level (teachers and pupils)

Development of 
science talent 
(Curious Minds) in 
school

Current position, goals and perspective on science talent (Curious Minds): school 
level, and classroom level

Science Network and 
offered out-of-school 
programs

Explanation of the content of the programs (interviewer)
Questions, goals, perspectives on the programs and the connection of the pro-
gram with the school curriculum
Procedural information and questions about participating in Science Network

Baseline picture
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Secondly, we used the transcriptions and the detailed reports to find content 

based categories by means of the Grounded Theory approach (Charmaz, 2014), 

using ATLAS.ti software for qualitative data analysis. By means of the grounded 

theory approach, spontaneous contributions of the respondents could be coded 

instead of using prior formulated (theory-driven) codes only (Charmaz, 2014; 

Steenbeek, Van Geert, Hageman, et al., 2011). This inductive method aims to 

create a picture of the respondent’s ideas, explain and predict what the data 

reveals, but not test a theory (Rich, 2012). In order to create this picture, codes 

were coupled to utterances, and these utterances were grouped into levels of the 

multilevel educational system: classroom level, school level, outside school level. 

Within these levels, categories of codes, which were related to each other on a 

content basis, were found. Table 3 shows the descriptions of the levels, examples 

of codes, and examples of uttered goals. Although the information in Table 3 is 

based on the results of the interview, it is used in this section to illustrate how the 

grounded theory method was applied.

To examine the starting positions of all schools at the beginning of a collaboration, 

in which the schools’ key payers’ goals concerning science education, science 

talent, and collaboration in a science network on different levels of the multilevel 

educational system are considered (first question), we first calculated what 

percentages of the goals represented a certain level (classroom level, school level 

or outside school level) and divided them by the total amount of goals per school. 

Table 3

Level, description of level, examples of codes, and examples of goals

Level Description          Examples of codes Examples of uttered goals

Classroom 
level 

Knowledge, attitudes, 
skills of teachers and 
pupils

Science (and tech-
nology) knowledge

Teachers’ knowledge of science (and 
technology) is insufficient

Asking questions Asking (follow-up) questions is difficult 
and should be developed

Schools level Ways of working with 
science in the school

Curriculum The curriculum of science can be 
improved

Materials We do not have enough materials for 
inquiry learning

Teaching methods We want to work on integrating science 
with language

Preconditions We do not have enough time for science

Outside 
school level

Science outside 
the school, Science 
Network

Offered programs We intend to visit the Mobile 
Planetarium

Connection with 
school curriculum

Teachers need to prepare for the visit
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Then, the differences in average of percentages of the uttered goals within the 

levels were statistically tested by using the Monte Carlo permutation test. This 

statistical procedure which uses randomization (10000 permutations) is suitable 

because the data in this study were inductive and the sample of respondents 

was relatively small (Good, 2001). We used the Monte Carlo analysis to test the 

null hypothesis that the chance that a certain level was mentioned was equal for 

all levels. For the sampling procedure we used the multinomial method (Forbes, 

Evans, Hastings, & Peacock, 2011), in which case the sampling was based on the 

assumption that the chance that a code belongs to a certain level is equal for 

each level. A statistical significance was expressed in terms of p-values. Another 

way to determine the significance of the differences is by means of a Cohen’s d 

effect size (see e.g., Cohen, 1992; Nuzzo, 2014).The smaller the p-value and the 

larger the effect size, the more weight we assign to particular conclusions. As 

a rule of thumb, we do not consider results with p-value higher than .10, and 

effect sizes lower than .80 as relevant. The same procedure was repeated for all 

categories found within the levels. 

To examine in what way the starting positions of schools differ according to their 

characteristics − school type, school size and pedagogical principles (second 

question), we tested the differences in uttered goals between groups of schools 

of the same characteristics. We searched for significant results within, and 

between levels and between groups of schools. We used the null hypothesis that 

there were no differences between the schools. A significant result between the 

groups meant that the differences in the uttered goals of different groups were 

significantly larger than can be expected on the basis of chance. Additionally, 

we used only categories with more than 20 utterances to compare the average 

proportions between the groups. 

To examine how optimal a starting position for collaboration in a science 

network is, in terms of the alignment of schools’ key payers’ goals and the aims 

of the science network, we compared the differences between goals related to 

categories, and the differences between the schools and their goals with the 

aims of Science Network. 

In order to determine the interrater reliability, one third of each transcription/

report was coded by a second rater. The preselected text was representative for 

the whole text, i.e., the discussion about all levels (classroom, school and outside 

school) was included. The second rater did not know which utterances were 

coded by the first rater, nor how many codes were assigned to the selected text 

by the first rater. The percentage agreement between raters was established by 

first comparing whether or not both raters agreed on which codes were to be 

assigned to the text and which were not. Secondly, we calculated the overlap 

Baseline picture
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in number of ratings by using the minimum number of ratings per code and 

dividing it by the maximum number of ratings. Thirdly, to test if the total 

agreement per level, or per category, was higher than chance, we calculated a 

p-value by using the Monte Carlo test with 10000 permutations. We found a total 

agreement of 0.83 (p < .001). The interrater agreement for the classroom level 

was 0.83 (p < .001), for the school level .77 (p < .001), and for the outside school 

level 0.87 (p = .02). To conclude, the interrater agreement was satisfying.
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2.3 RESULTS

2.3.1 Multilevel goals of schools and alignment with the aims of the Science Network

In order to answer the research question about the properties of the starting 

position of all schools at the beginning of a collaboration in which the schools’ 

key payers’ goals about science education, science talent, and collaboration in 

a science network on different levels of the multilevel educational system are 

considered (first question), we focused on the different levels of the educational 

system: classroom level, school level and outside school level. Most goals were 

related to classroom level (40%; p = .001; d = .84). The fewest amount of goals 

was related to the outside school level of the educational system (21%; p < .001; 

d = 2.14). 39% of the goals were related to school level (p = .009; d = .66).

Classrooms level. The goals the key players mentioned at this level were related 

to teachers’ and pupils’ knowledge, skills, and attitudes with regard to science 

(and technology) in the classroom. The average of percentages of mentioned 

goals about teacher’s attitudes, knowledge and skills (72%) was higher than the 

average of percentages of goals about pupils’ attitudes, knowledge and skills 

(28%), p < .001 (d = 1.57). With regard to the properties of the starting position 

of all schools at the classroom level, we found that goals uttered by key players 

could be categorized into five different categories. Table 4 gives an overview of 

these categories with descriptions and examples of utterances gathered from 

the transcriptions of the interview. What is salient is that we found two categories 

that could be linked to the Curious Minds concept (See 2.1.1), i.e., inquiry teaching 

and learning and enthusiasm/curiosity, one category that could not be linked to 

the Curious Minds perspective, i.e., science knowledge and skills, and one category 

that revealed an idiosyncratic character, i.e., other skills knowledge, and attitudes. 

Some categories were more prevalent than others. Figure 1 shows the average 

mentioned percentage of these categories of goals related to the teachers and 

the pupils. With regard to the uttered goals about pupils, we found that the 

average of percentages of utterances about inquiry learning was higher (37%) 

than the average of percentages of utterances about the other pupils categories 

(p = .005; d = 1.05). For stimulating inquiry  For stimulating inquiry learning, 

inquiry teaching skills are needed. However, the goals the schools mentioned 

most were about teacher’s science knowledge and skills, i.e., science content 

and how to develop science lessons. The average of percentages was 47%, 

significantly higher than the average of percentages of utterances about the 

other teachers’ categories (p < .001; d = 1.62). 

Baseline picture
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School level. The goals on this level were related to what key players mentioned 

about science, which was not directly related to knowledge, skills and attitude 

(human behavior), but which still influenced science education within the school. 

We found that these goals can be categorized into six different categories. Table 

5 gives an overview of these categories with descriptions and examples of 

utterances gathered from the transcriptions of the interview.

Table 4

Goals on classroom level

Category Teachers 

or pupils

Description Examples of literally translated 

utterances

Inquiry 
teaching and 
learning

Pupils Skills and attitudes in asking 
questions, scientific reasoning, 
doing a research/experiment, 
using the empirical cycle, and 
problem solving

We agreed that we wanted to work on 
the scientific attitude [of pupils], espe-
cially because it fits with our particular 
way of educating. (Case A; coordinator)

Skills and attitudes in 
stimulating inquiry learning 
(a); guiding research and 
experiments

The inquiry attitude and how to 
preserve that as good as possible, how 
to deal with that, that is the line we 
want to take. (Case A; coordinator)

Science 
knowledge 
and skills 

Pupils Content knowledge; cognitive 
skills related to science and 
technology

We have pupils in grade 2 and 3 who 
can do more … but they need to 
exceed a barrier of how to approach 
something that is difficult. We want 
these pupils to stick to something [the 
difficult content]… (Case G; manager)

Teachers Knowledge and skills about 
the science content, and how 
to develop science lessons; 
knowledge about what the 
curriculum consist of

That is what I want to do [inquiry 
teaching], but I need to know things 
[content]. (Case A; teacher)

Enthusiasm/ 
curiosity

Pupils Enthusiasm, interest, 
excitement, arousal, curiosity, 
and positive attitude towards 
science

Some pupils are more interested 
in science than others are. (Case D; 
manager)

Teachers Teacher’s own enthusiasm, 
interest, excitement, arousal, 
curiosity, positive attitude 
towards science; his or her skills 
in stimulating or evoking this 
attitude in pupils

Science and technology education 
does not work with textbooks … it 
contains more, but it is demanding 
... The teachers need to have time, 
knowledge and interest [for science]. 
(Case B; coordinator)

Other skills, 
knowledge 
and attitudes

Pupils General (dis)behavior, 
knowledge and skills about 
other subjects

Some pupils have special educational 
needs… these pupils get truly 
distressed. (Case I; manager)

Teachers Classroom management, 
flexibility, self-efficacy, negative 
perception on science, courage 
to deviate from the curriculum

Holding on to the method and the 
textbooks gives security. I think that 
people [teachers of the school] do not 
dare to let go of the method; therefore 
courage is needed. (Case H; manager)
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Figure 1. Average of percentages of uttered goals regarding pupils and teachers at a classroom level.

Figure 2. Average of percentages of goals on school level.
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The uttered goals on school level were much more diverse than the goals on 

classroom level, and therefore more categories were needed to capture the 

picture on school level. Some of the categories were related to the way in which 

science is educated (i.e., curriculum, learning environment & materials, teaching 

methods), whereas others were more related to general features or conditions 

within the school (i.e., school system, preconditions, sharing knowledge).

The categories related to a school level differed in terms of how often they were 

mentioned by the respondents. Figure 2 shows the average of percentages of 

uttered goals of these categories. We found that the average of percentages 

of utterances about teaching methods was significantly higher (30%) than the 

average of percentages of the other categories (p < .001; d = 1.47). 

Table 5

Goals on school level

Category Description Examples of literally translated 
utterances

Curriculum Science curriculum (subjects 
planning), e.g., series of lessons, 
follow-up structure of lessons

We want a continuous line in the 
subject planning [of science]. (Case C; 
teacher)

Learning environment 
and materials

Physical environments, in and outside 
the school, and the materials for 
science e.g., specific classrooms, 
equipment, tools

It is an enormous mess in the atelier 
of technique. We changed the whole 
thing and are busy trying to get 
something out of it, but it is simply 
time and overview that is missing… 
We have to organize it differently. 
(Case A; teacher)

Teaching methods/ 
textbooks

Methods to carry out science lessons 
which determine how science lessons 
are given, e.g., working with ateliers

We want children to do more, explore 
more, ask questions... So, we want to 
work in another way with this teaching 
method. (Case C; teacher)

School system School system which affect science 
education, school vision or the 
school policy which affects science 
education

…sometimes it is a disadvantage 
[being a large school]… We now have 
this excursion… But doing it together 
[as a whole school] takes months 
until everyone has received the offer. 
It is always inch and pinch. (Case F; 
manager)

Sharing knowledge Exchange of knowledge about 
science and science talents within 
the school team or outside the school 
with other professionals/teachers

We will use the information in this 
interview as an input for our next 
meeting with teachers…(Case B; 
coordinator)

Preconditions Preconditions that affect science 
knowledge, e.g., time, pressure to 
achieve targets, priority of science, 
financing

That is problematic [working on inquiry 
teaching and learning], because we are 
now in an era of economic crisis. Jobs 
and functions. [in our school] are under 
pressure. (Case F; manager)
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Outside school level. The goals the key players mentioned on this level were 

related to topics outside the school, but directly influenced science education 

in the school. These goals can be categorized into three different categories (see 

Table 6). 

The goals on the outside school level were focused on external influences 

(constraints from outside the school), on the Science Network, and on the 

connection between the network and the school (i.e., implementing into the 

school curriculum). Within these categories, topics were mentioned that were 

too diverse to split up in subcategories. The average of percentages of goals 

about the outside school level differed per category. Key players mentioned 

many more goals about the Science Network (82%) than about the other two 

categories: external influences (12%) and goals about the implementation into 

the school curriculum (7%); with a p-value < .001 (d = 4.51). To conclude, with 

regard to the outside school level most goals were related to the offer of Science 

Network and to the adaptation of Science Network and its programs to specific 

needs or wishes of individual schools.

Table 6

Goals on outside school level

Category Description Examples of literally translated 
utterances

External influ-
ences

(Suppressing) influences from outside 
school affecting science education in 
the school, e.g., demands of the school 
inspection, preparing for national tests for 
language and mathematics, the necessity 
to merge with another school

The focus of the inspection 
lies strongly on language and 
mathematics. We have to explain to 
our team of teachers that the out-
of-school activities are a nice way 
of working on language and math. 
(Case B; manager)

Implementing into 
the curriculum

Implementation of out-of-school science 
activities into the curriculum in order to 
achieve a sustainable effect of the visit, 
e.g., finding ways of connecting the 
out-of-school visit to existing topics in 
the curriculum, preparing for the visit or 
carrying out follow-up lessons after the visit

The Mobile Planetarium has been in 
the school once, but then it was not 
connected to the initial program. It 
seems like a good idea to prepare 
the visit this time and do something 
[carry out lessons] afterwards. (Case 
B; coordinator)

Science Network The intention to follow a specific out-
of-school program of Science Network, 
adaptation of programs of Science Network 
to indiviual schools e.g., adapt to specific 
school population, adapt to the knowledge, 
skills and attitude of teachers, adapt to the 
specific curriculum planning of the school, 
and adapt to preconditions of the school 
(e.g., time, finances, transportation)

So then you have to make adjusted 
packages… you can think of 
a children’s university lecture 
especially for our children. (Case A; 
manager);
We have to know in advance what 
[out-of-school program] is planned 
when, so we can take that [planning] 
into account when planning the [the 
school’s] activities and themes for 
next school year. (Case F; teacher)

Baseline picture
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2.3.2 Differences between schools

To answer the second question, on how the properties of starting positions differ 

between schools considering their characteristics, we discuss the differences 

between schools using their school characteristics as a classification: school 

type (special versus regular), school size (large versus small), and pedagogical 

principles (reform versus non-reform).

The first characteristic we discuss is school type: special (5) versus regular (4). 

Table 7 depicts how schools differ in the amount of uttered goals on the diverse 

levels of the educational system and the categories that are related to these 

levels. The headings of the table show that the groups of schools are compared 

on the basis of the mean average of utterances, the standard deviation within 

the group with regard to the category, the p-value and the Cohen’s d. The first 

row shows the categories in which the schools differ.

Because the amount of cases is nine, and the groups to compare contained 

between only 4-5 cases, the possibility of finding small p-values was small. 

However, relevant differences between regular and special schools were found. 

Table 7 shows that key players of special schools uttered goals on a classroom 

level significantly more often, compared with the key players of regular schools. 

Table 7

Differences between special and regular schools in amount of goals on different levels

Goals special 
schools

(n = 287)

Goals regular 
schools

(n = 222)

Category n % SD % SD P* Cohen’s da

Classroom level 198 47.09 0.11 31.15 0.15 .031 1.78

   Pupil 55 35.86 0.15 17.41 0.15 .061 1.21

        Pupils’ inquiry 25 50.82 0.20 23.33 0.29 .084 1.13

   Teacher 143 64.14 0.15 82.59 0.15 .062 1.21

        Teacher’s enthusiasm 23 19.82 0.09 11.84 0.04 .078 1.11

School level 204 33.94 0.10 44.66 0.07 .058 1.19

        Teaching methods 55 33.50 0.10 24.83 0.07 .095 .99

        Preconditions 32 10.78 0.09 21.65 0.05 .055 1.42

Outside school level 107 18.97 0.05 24.19 0.05 .070 1.07

        Science Network 85 93.81 0.09 66.46 0.24 .017 1.65

Note. % = average of percentage.
a Cohen’s d > .80.
* p < .10.
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Other relevant differences on a classroom level were that there was a tendency 

in key players of special schools to utter more goals about pupils attitudes, 

knowledge and skills (in total), pupils’ inquiry, teacher’s enthusiasm, and less 

goals about teacher’s attitudes, knowledge and skills (in total) compared with 

key players of regular schools. On a school level, there was a tendency in regular 

schools to express more goals on this level than in special schools. Key players of 

regular schools tend to express fewer goals about teaching methods, and more 

goals about preconditions compared with special school’s key players. On an 

outside school level we found a tendency of regular school’s key players to be 

more focused on that level than special school’s key players; although within 

this level we found that special schools revealed significantly more goals about 

(collaboration with) the Science Network. In line with what we expected, special 

schools were more focused on the (special) needs of the pupils by expressing 

more goals on a classroom level, whereas regular schools expressed more goals 

on a school and outside school level, especially with regard to preconditions for 

science education. 

With regard to differences between schools considering the school size, large 

(5) versus small (4), we only found one relevant difference within the classroom 

level: key players of smalls schools tend to mention more goals related to pupils’ 

inquiry learning (M = 0.54; SD = 0.23) than large schools (M = 0.21; SD = 0.25), with 

a probability of chance of 0.08 (d =  -1.25). The expected stronger focus of small 

schools on the pupils and their needs was indeed confirmed in the interviews.

The third characteristic which we used to compare schools was pedagogical 

principle: non-reform schools (6) versus reform schools (3). Table 8, which has 

the same structure as Table 7, displays the differences between the schools.

Relevant differences were found within the classroom: key players of reform 

schools uttered fewer goals on inquiry learning than non-reform schools, which 

was unexpected given the school pedagogy. We found significant differences 

within school level: key players of reform schools uttered significantly fewer goals 

related with learning environment, and more goals related to preconditions. 

Another relevant difference on school level was that key players of reform 

schools tended to mention more goals related to the change or improvement of 

the science curriculum, compared with key players of non-reform schools. With 

regard to the outside school level, reform schools tended to reveal slightly more 

goals about this level than non-reform schools, although no differences between 

the categories within this level were found. We cannot explain these differences 

on the basis of the pedagogy of reform schools.

Baseline picture



45

2.3.3 Alignment goals of schools and aims of the Science Network

In order to find out to what extent a particular starting position for collaboration 

in a science network is optimal, we compared the goals of the schools with the 

goals of the Science Network. The goals of the Science Network on a classroom 

level were stimulating inquiry learning, curiosity and enthusiasm. To conclude, 

from the results mentioned above, it can be stated that whenever key players 

talked about pupils, most of the goals they mentioned were about inquiry 

learning. Special schools, small schools, and non-reform schools especially 

tended to focus more on pupils’ inquiry learning. Key players of special schools 

also showed more interest in improving teachers’ enthusiasm and skills to make 

pupils enthusiastic for science than key players of regular schools. This goal is 

indirectly related to fostering pupils’ enthusiasm; therefore, it can be considered 

that the aim of the Science Network is aligned with the goals schools have on a 

classroom level. 

The aim of Science Network on a school level was to offer extended learning 

environments. The focus of the Science Network seems to be different from the 

focus of schools. On a school level, the largest amount of goals mentioned by 

key players was related to the teaching methods rather than to the learning 

environment. In taking a closer look at differences between schools with regard 

to the learning environment, we found that non-reform schools were more 

Table 8

Differences between non-reform and reform schools in amount of goals on different levels

Goals non-reform 
school

(n = 359)

Goals reform 
school

(n = 150)

Category n % SD % SD P* Cohen’s da

Classroom level 
        Pupils’ inquiry 25 49.57 0.20 16.67 0.29 .056 1.45

School level

        curriculum 24 7.88 0.10 19.49 0.13 .055 1.06

        learning environment 32 20.85 0.14 5.60 0.06 .024 1.16

        Preconditions 32 11.90 0.09 23.03 0.02 .033 1.43

Outside school level 107 19.55 0.06 24.75 0.03 .089 1.05

Note. % = average of percentage.
a Cohen’s d > .80.
* p < .10.



46

2

focused on improving the learning environment than reform schools. We might 

conclude that this goal is only aligned with the Science Network for non-reform 

schools.

The aim of Science Network on an outside school level was to connect the 

programs to the school curriculum. Saliently, on the outside school level key 

players mentioned more goals about the Science Network than about the 

implementation of the programs into schools’ curricula. Schools seemed to be 

more interested in the offered programs or the adaptation of the programs 

to the needs of the schools, than to adapt the curricula or the lesson plans of 

schools to the programs offered by the network. Schools do not differ in showing 

more interest in connecting the programs to the curriculum. To conclude, the 

goals are not aligned. 

Baseline picture
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2.4 CONCLUSION AND DISCUSSION

2.4.1 Summary of results

This study aimed to map the properties of an optimal starting position for 

collaboration in a science network, and illustrated how these properties can be 

investigated by means of a baseline picture. 

As for the starting position of all ten schools (nine cases) in this study, it seems that 

most goals were related to the classroom level and the school level, and the least 

were related to the outside school level. Within a classroom level, the key players 

mentioned more goals for teachers – mostly categorized as science knowledge 

and skills − than for pupils. On a school level, the focus was on improving the 

teaching methods used in science education. On the outside school level, most 

goals were related to the collaboration with the Science Network; suggestions 

for adapting the programs to individual schools were mentioned primarily. 

Besides the optimal starting position of schools in general, we were also 

interested in how schools differed on the basis of their school characteristics. 

It seems that the difference between the schools on the basis of being special 

or regular is the most relevant factor to take into account when investigating 

the properties of an optimal starting position. We found that special schools 

were more focused on the classroom level, they revealed more goals for pupils 

(especially inquiry learning) compared with regular schools; they were also more 

focused on teachers’ enthusiasm. The focus of regular schools was more on the 

school level compared with special schools. They especially formulated more 

goals related to preconditions. Regular schools were also more focused on the 

outside school level than special schools. It seems that special schools are better 

able to break free from preconditions such as time-constraints and standard 

core objectives, and focus more on pupils’ inquiry, which sometimes demands 

deviation from the regular program and its target goals. In the last few decades, 

education has been changing from segregation towards inclusive education of 

pupils with special educational needs (Kalambouka, Farrell, Dyson, & Kaplan, 

2007). Schools are struggling with tensions between offering education for all 

pupils and the tight curriculum including inspection regimes (Frederickson & 

Cline, 2002), which was in line with what we found in the regular schools.

 

To determine if this starting position was optimal, we compared these goals 

with the aims of Science Network. It appeared that schools and Science Network 

show the best fit regarding the goal of improving pupils’ inquiry learning. Inquiry 

learning is an important aspect of good science education (e.g., Hmelo-Silver, 
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Duncan, & Chinn, 2007), and also of the Curious Minds approach, a crucial 

component of the Northern Netherlands Science Network. Therefore, this goal 

is indispensable for an optimal starting position. Especially special schools, 

small schools and non-reform schools tend to focus more on pupils’ inquiry 

learning. Key players of special schools also show more interest in improving 

teachers’ enthusiasm and skills to make pupils enthusiastic for science. This 

goal is indirectly related to fostering pupils’ enthusiasm. The starting position 

also shows friction between the goals of the schools and the aims of the 

Science Network in the sense that schools were more interested in improving 

teachers’ science (and technology) knowledge and skills than in improving 

inquiry teaching, something that is needed for inquiry learning. Additionally, 

schools were more focused on improving the teaching methods; whereas the 

activities in the Science Network were more focused on offering stimulating 

learning environments, of which – surprisingly given the school pedagogy – 

reform schools were the least interested in improving. This discrepancy might 

be explained by the fact that, because of the school pedagogy, the teachers of 

these schools are already capable of providing optimal learning conditions with 

regard to the learning environment (Van der Ploeg, 2013). Additionally, it seems 

that the schools were more interested in the programs that Science Network 

offers and adaptations of these programs to their needs than in finding ways 

to implement these programs into their own curriculum (e.g., preparing visits 

and incorporating the concepts learned in the out-of-school visit in a post-visit 

period). Special schools revealed the most goals related to Science Network and 

its programs, which might be explained by the fact that most special schools 

in this study were schools or classes for gifted or high achieving pupils, and for 

these pupils the need for learning through real-world experiences, which is the 

case in out-of-school activities, is deemed to be an appropriate approach for 

learning science (Melber, 2003). The minor interest in connecting the visits to the 

school curriculum was also found in other studies. For example, DeWitt & Osborne 

(2007) found that teachers often omit preparation in the classroom before visiting 

an out-of-school activity due to time-constraints, for example (Griffin & Symington, 

1997). However, if teachers actively participate in the connected in-school and out-

of-school program, the impact of the program will be much greater (Cox-Petersen & 

Pfaffinger, 1998; DeWitt & Osborne, 2007; Griffin & Symington, 1997; Kisiel, 2014). To 

conclude, the starting position was most optimal for special schools, small schools 

and non-reform schools, and was only optimal with regard to goals for pupils. 

2.4.2 Conclusion

This study shows that by using a baseline picture, based on a semi-structured 

interview with key players and an in-depth analysis, properties of an optimal 

starting position for collaboration with a science network can be identified. 

Baseline picture
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Although the sample group in the study was limited because of the labor-

intensive nature of the analysis (detailed qualitative analysis of a long interview), 

and therefore the results are not generalizable to large samples; nevertheless 

the effect sizes found in this study are considerably large, and thus meaningful. 

Moreover, the selected schools are representative, in a qualitative sense, 

of a much wider range of schools that participate in the Science Network. 

Additionally, the combination of the quantitative and qualitative approach of 

in-depth analyses of the interviews revealed valid information for replicating 

this research in a larger sample size. One of the advantages of using a baseline 

picture is that it reveals information that was spontaneously uttered. In this way, 

we gained insight into the goals that the respondents did not explicitly mention 

as goals, but could be considered as such, i.e., concerns and wishes to change or 

improve education. This information can be used to proactively find an adequate 

fit between in-school and out-of-school science activities. If the fit is not suitable, 

improvement to the implementation or adaptation of the implementation to the 

needs of different schools can be provided. 

2.4.3 Limitations and future research

This research had methodological limitations with regard to the coding 

scheme and the categorization of learning environments. We defined learning 

environments as the physical learning environment, but this seemed to be 

somewhat of a narrow definition. Blumenfeld et al. (2005), for instance, use 

a broader definition of a learning environment by stating that a learning 

environment is based on learning science principles, such as inquiry learning, 

and collaboration, and therefore, a learning environment can also be, for 

instance, a project. In this research, these learning principles – whenever they 

could be defined as “ways in which schools teach science” – were considered 

to be a teaching methods. If goals related to improving the teaching methods 

are related to the broader concept of learning environment, then the starting 

position on a school level is also optimal. In future research, it would be interesting 

to investigate to what extent the goals of the schools related to changing or 

improving the teaching methods and the learning environment actually meet 

the aim of Science Network, which is offered in out-of-school environments. 

In this study, we were only able to include key players’ goals for comparison 

with the main aims of the Science Network. It was not possible to investigate 

the perspectives of the teachers that carry out a connected in-school and out-of-

school program because at the moment of the baseline picture, it was not known 

which teachers would be involved. Additionally, the schools had not yet chosen 

out-of-school activities or programs. Consequently, we did not know which 

out-of-school facilities were to be included, and therefore, we were not able 
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to investigate the perspectives of instructors of the out-of-school facilities yet. 

Although the approach we used by interviewing key players has the advantage 

that key players have a much better view of the various levels of a particular 

school than non-key players (e.g., specific teachers), it is important to consider 

that the teachers who actually carry out the visits to out-of-school environments 

with their classroom will search for meaning to adapt the program to their own 

or their pupils’ goals (Hofman et al., 2008). We know from other research that 

teachers and instructors have different perspectives (Kisiel, 2014; Tal & Steiner, 

2006), and possibly different goals. In future research, it would be interesting 

to investigate the goals of teachers and instructors. Furthermore, it would be 

interesting to explore in future research whether pupils and teachers of schools 

who revealed an optimal starting position in the baseline picture optimally profit 

from the collaboration in terms of showing more inquiry teaching and learning 

and enthusiasm/curiosity (Curious Minds concept, see introduction.) in the out-

of-school activities and in the classroom. 

2.4.4  Implications for practice

To successfully implement a collaboration with a science network in which 

schools use out-of-school facilities of the network, prepare and incorporate 

the visits into their curriculum, and use the same perspective (in this study 

the Curious Minds approach) as the network, it is crucial that schools and the 

network share goals. Therefore, before starting a collaboration between a science 

network and schools, it is highly recommended that the ideas of schools about 

these collaborations be investigated to find out firstly, whether there is friction 

in alignment between intentions of schools and the purpose of the out-of-school 

science programs, and secondly, if there is friction, how schools or the science 

network should act to overcome this friction. We strongly recommend that semi-

structured interviews be conducted to gather rich information about the ideas 

of schools, for instance, by using the protocol in this research. Furthermore, we 

advise to analyze the gathered information by using the same categories, or 

codes, as found in this study because they reveal to what extent the goals differ 

on a classroom level (e.g., focus on teachers’ science knowledge and skills rather 

than inquiry teaching), school level (e.g., focus on changing teaching methods 

rather than using the environment), and outside the school level (e.g., focus on 

adapting the activities to schools’ needs rather than connecting activities to 

the school curriculum). Also Harkins (2013), Kisiel (2010) and Tran ( 2006, 2008) 

stress the importance of communicating between schools and out-of-school 

facilities in the forging of effective collaboration. It is necessary to involve key 

players in this communication already in the pre-collaboration phase in order 

to make changes in the schools. By involving the key players in an early stage, 

not only will more awareness about their own goals or ideas be established, but 

2
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also any potential friction will be identified right from the starting position. The 

relationship between the ideas of schools and the school characteristics should 

be communicated with the instructors of out-of-school activities in order to allow 

for adaptation of the out-of-school activities to the needs of the schools. One 

relevant finding is that schools might show a larger interest in a specific goal. 

In this study, the schools’ goals on a classroom level that were most mentioned 

were related to teachers’ science knowledge and skills. To meet these schools’ 

goals, more background information should be provided when schools need 

to prepare for an out-of-school visit. Additionally, special schools in this study 

might have higher expectations about inquiry learning than regular schools 

because the focus of special schools lies more heavily on this goal. Kisiel (2014) 

stated that instructors of out-of-school activities are, in general, more focused 

on fostering pupils’ interest than on the science content. Therefore, shaping or 

improving skills in inquiry teaching of instructors of out-of-school facilities might 

be necessary, for instance, by means of a short training in applying ‘inquiry 

teaching and learning’ and shaping the attitude in stimulating pupils’ or their 

own ‘enthusiasm/curiosity’, ergo using the Curious Minds perceptive (Geveke, 

Steenbeek, Doornenbal, & Van Geert, 2016a; Wetzels, 2015). This research has 

pointed at certain aspects of the goals of schools that are important to focus on 

in future research or in future introductions of collaboration with out-of-school 

networks.


