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Abstract  

Inquiry-based learning (IBL) promotes student learning and the development of 

competencies like self-directed learning and exploring new knowledge areas. Unfortunately, 

many teachers lack experience in IBL and they need further support through, for instance, 

Professional Development courses (PD). The effect of PD on teachers' IBL beliefs and skills 

was observed by examining the potential change in teachers' beliefs and practices after their 

participation in PD for a year. Moreover, we examined the effective characteristics of PD in 

terms of content and organization. Interviews with teachers were carried out as well as 

observations of PD and classroom observations. The results indicate that when teachers 

participated in PD for a year, they became more willing and positive towards IBL and 

managed to change their teaching practices. The extent to which change occurred depended 

on previous experience working with IBL. The most effective characteristics of PD were 

Reflection, Collaborative working and Including content knowledge. This research highlights 

the importance of providing practical information to teachers during PD that could be of 

direct use in their lessons. We conclude that participation in PD can have beneficial effects 

on teachers' IBL skills. 

Introduction 

Educational research has been focusing on the effectiveness and necessity of 

Professional Development courses to support teachers in enhancing their knowledge and 

helping them in developing inquiry-based lessons. Many initiatives aim at facilitating 

teachers to enrich traditional teaching approaches with inquiry-based approaches. One such 

initiative is the project PRIMAS (Promoting Inquiry-based learning in Mathematics and 

Science). The goal of PRIMAS PD is to encourage teachers to experience and explore the 

impact of using effective IBL pedagogies in their own classrooms as well as to encourage 
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and support them to implement those pedagogies. Through the PD sequence teachers are 

invited to take risks and adapt new practices in order to modify their beliefs (Swan, 

Doorman, & Mooldijk, in press). 

According to Guskey (1986), Professional Development programs are generally 

unsuccessful in modifying teachers' beliefs but when teachers are encouraged to adopt a 

procedure and find that it improves student achievement, significant changes in attitude may 

be attained (Swan, Doorman, & Mooldijk, in press). Moreover, based on Swan et al. (in 

press), teachers frequently reported that their understanding of new pedagogies develops 

slowly, and that they continue to struggle with embedding and sustaining them.   

On the other hand, well-designed PD experiences that engage teachers in an authentic 

investigation can effectively enhance teachers’ subject matter knowledge (Capps & 

Crawford, 2013). According to a study by Capps and Crawford (2013), PD resources appear 

to be powerful tools for developing new pedagogical knowledge and skills for inquiry-based 

learning. Professional Development courses provide a basis for discussion and active 

participation as well as support for using new ideas into every day practices. 

General aim of this research 

The main aim of this research is to investigate if teachers of a particular school in the 

Netherlands, participating in PRIMAS PD for one year, managed to change their beliefs and 

practices of IBL while taking into consideration their background and teaching experiences 

as well as their disposition and motivation. Furthermore, what will be examined is if the 

content and organization of PRIMAS PD sessions are indeed helpful and effective for the 

teachers. Investigating those three aspects will help to gain insights into the effect of 

Professional Development on teachers' IBL beliefs and skills. 
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Theoretical Background 

The concepts that will be discussed here are Inquiry-based learning (IBL), change in 

beliefs, change in practices and finally Professional Development (PD) with a focus on 

content and organization.  

 IBL and its importance to learning 

There is a need to promote IBL in science and mathematics education. The last 

decades there has been a lot of research concerning the effectiveness of IBL. One of the 

advantages of IBL is the fact that students are given the chance to gather information and 

data through their active participation (Bell, Urhahne, Schanze, & Ploetzner, 2010). With the 

process of inquiry, students construct their understanding and are led step by step to 

scientific knowledge. Furthermore, through IBL researchers support that children become 

more interested in science (Van Schijndel, Singer, van der Maas, & Raijmakers, 2010).  

Brandon, Young, Pottenger, and Taum (2009) define science inquiry as a hands-on, 

constructivist approach to science education. In inquiry science students work together in 

groups and reach decisions about processes, procedures, analyses, and outcomes. The results 

of a study on IBL by Van Schijndel, Singer, van der Maas and Raijmakers (2010) that are in 

agreement with the constructivist view, suggest that when children explore their environment 

they make connections between their actions and the effects and for this reason students 

should be engaged in sciencing programs. In such programs teachers can design rich learning 

environments with science activities that support children’s learning (Van Schijndel, Singer, 

van der Maas & Raijmakers, 2010).  

The teachers' role is of importance in these processes as they scaffold the scientific 

learning procedure (Van Schijndel, Singer, van der Maas & Raijmakers, 2010). Teachers 
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involved in inquiry science support students and interact with them, encourage dialogues and 

debates among students, motivate them to participate in inquiry learning and evoke students' 

curiosity, openness to new ideas and skepticism. Their role is to challenge students to 

actively participate in science learning (Brandon, Young, Pottenger & Taum, 2009). 

 Finally, Van Schijndel et al. (2010) conclude that there is a need for properly trained 

teachers in science-related subjects, who can support students' curiosity and exploratory 

learning through inquiry-based activities. Enthusiastic and scaffolding teachers are the key 

characteristic of an effective learning environment. 

While inquiry-based learning may have certain positive aspects and obvious 

advantages, some educational researchers claim that this is not always the case. A review 

study reported that close guidance during instruction can be more efficient compared to IBL 

(Kirschner, Sweller & Clark, 2006). The authors claim that unguided or minimally guided 

instruction is not only less effective but it also may have negative results when students 

acquire misconceptions or incomplete knowledge. 

Silver, Duncan, and Chinn (2007) contradict Kirschner, Sweller, and Clark (2006) by 

saying that IBL is a scaffolded method and it is not an unguided type of discovery learning. 

They claim that IBL is a powerful and effective model that reduces the cognitive load and 

allows students to learn in complex domains (Silver, Duncan, & Chinn, 2007). 

Whether or not to use the method of inquiry-based learning has been a problem that 

educational scientists started facing the last decades. A further elaboration of the existing 

debate is beyond the scope of this research. Inquiry-based learning is indeed an important 

teaching approach which is effective when guidance and scaffolding are provided by 

teachers. Therefore, the teacher's role is essential. The focus of this study is on teachers' 
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Professional Development while trying to adapt inquiry-based techniques and new teaching 

practices without eliminating guidance and scaffolding.   

Teacher change 

Many teachers lack the necessary experience and background in inquiry-based 

approaches. Therefore, it is essential to change teachers' roles and help them adopt new 

teaching behavior. The way to achieve that is by changing their beliefs as well as their 

teaching professional practices.  

The aim of a study by Bakkenes, Vermun and Wubbels (2009) was to increase the 

understanding of how teachers learn. The focus was on teachers' learning activities and 

learning outcomes. The reported learning outcomes were associated with changes in 

knowledge and beliefs, emotions, practices and intentions for practice. Change in knowledge 

and beliefs were most frequently reported while change in teaching practices was rarely 

reported. However, intentions for practice were often reported. 

The main categories referring to teacher change can be subdivided into several 

subcategories (Bakkenes, Vermun & Wubbels, 2009). Those are the following: teacher 

awareness, confirmed and new ideas (changes in knowledge and beliefs); intentions to try 

new practices, to continue new practices, to continue current (old) practices (intentions for 

practice); new practices, back to old practices (changes in practices); positive and negative 

emotions, and surprise (changes in emotions).  

By teachers' beliefs, we refer to teachers' adequate knowledge of inquiry processes 

meaning their perception and willingness towards inquiry-based learning and teaching (Kim 

& Chin, 2011). It is of interest to know the in-depth knowledge and understanding teachers 
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have on inquiry and learning as well as to discover if over time they manage to deepen those 

views and their held beliefs. 

By teachers' professional practices we mainly refer to teachers' work in the 

classroom. According to Altrichter and Krainer (1996), there are four dimensions describing 

teacher professional practice. Those are action, reflection, autonomy and networking. Action 

refers to experimental, constructive and goal-directed work and the reflection is about self-

critical and one's own reflecting work. Coming to autonomy, it refers to self-initiating, self-

organized and self-determined work and finally networking is the attitude towards 

communicative and cooperative work (Alsina, Alvarez, Hodgson, Laborde, & Perez, 1996). 

A combination of all those four aspects can lead to effective teaching and meaningful 

learning. 

Regarding teacher change, an alternative to that is called "teacher growth" which 

reflects the changing nature of teachers' knowledge, attitudes and beliefs (Primas, 2011). 

More precisely, there are different forms of teacher change.  According to PRIMAS report 

the change comes in the following forms: change as training, change as adaptation, change as 

Professional Development, change as local reform, change as systematic restructuring and 

change as growth or learning. In this study, the focus is on change as Professional 

Development which refers to teachers who are “seeking to change” in an attempt to improve 

their performance or develop additional skills or strategies (Primas, 2011). 

Teachers' attitude towards PD 

According to the results of a research carried out by Wellcome Trust foundation 

(Batterham, Page & Boon, 2006),  a teacher in order to be effective needs to be also a learner 

which can be achieved through Continuing PD courses (CPD). With life-long learning in 

teaching professions, teachers are not only supported to improve their skills and enhance 
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classroom performance but also to gain a better understanding of the curriculum 

developments or the latest work in their subject (Batterham, Page & Boon, 2006).   

A particular survey carried out as part of this research demonstrated that it is crucial 

to investigate teachers' expectations from CPD courses, their beliefs on CPD, what different 

types of teachers want from the CPD, the various benefits and for whom and finally the 

hindering factors of getting what they want from the CPD with the aim to make CPD courses 

more successful. Moreover, social and ethical context need to be taken into account as they 

are becoming two important factors of science and science teaching (Batterham, Page & 

Boon, 2006). 

The results and findings of this research highlight four types of attitudes toward CPD 

which are: Believers, Seekers, Sceptics and Agnostics. Based on the analysis of those 

peoples' responses, there are both positive and negative attitudes towards the effectiveness of 

CPD. A more similar pattern is apparent between the Sceptics and the Agnostics with the 

second being more open to persuasion than the Sceptiscs. The latter, associated CPD with 

imposed changes or new initiatives that do not improve the quality of education. The 

Agnostics needed to ensure that the CPD courses would be of high quality and enhance their 

development and teaching approach but would not be overly time-consuming.  

On the contrary, the Believers' attitude was more optimistic and enthusiastic; they 

said that they benefited from the CPD and through these courses, teachers' skills and 

confidence can be reinforced. Furthermore, Seekers supported the opinion that CPD should 

be offered to all but they were not satisfied with the amount of opportunities provided. They 

would like the schools to be more involved in planning their future and Professional 

Development. 
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On the whole, the level of satisfaction concerning different types of CPD was 

relatively low. According to the results, more than half of the teachers would expect and 

desire more amount of CPD regarding subject updating particularly in science, as well as a 

focus on teaching skills and classroom management. Lastly, the large majority of 

respondents felt that CPD was important, although far fewer were impressed with the CPD 

courses they had attended to. 

Future organization of PD sessions should take into account teachers' expectations, 

beliefs and needs. Moreover, different levels of experience and disciplines are two important 

aspects that affect the outcomes and should also be considered. As demonstrated by this 

research, science teachers are more keen to update their subject knowledge compared to 

other subject teachers (Batterham, Page & Boon, 2006). 

Furthermore, when designing PD it is crucial to recognize that teacher change 

happens gradually and it might be a difficult process. In addition, teachers need regular 

feedback on their and students' learning progress. Moreover, follow-up support and pressure 

is needed because change will take place after the implementation of IBL and once there is 

evidence of enhanced student learning (Primas, 2011).  Finally, the study by Bakkenes et.al 

(2009) highlighted the importance of associating teachers' learning activities and outcomes 

with the type of learning environment they are in. The results indicated that organized 

learning environments (reciprocal peer-coaching, collaborative project groups) seem to 

derive better learning activities and outcomes than informal learning in the workplace. 

Content and organization of PD  

The way PD courses are structured is of importance as the content and organization 

have an impact on their effectiveness. In this section the results of different studies on the 

characteristics that compose an effective and successful PD are provided. 
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As Loucks-Horsley, Love, Stiles, Mundry, and Hewson (2003) suggest effective PD 

experiences should provide links to other parts of the educational system as well as 

opportunities for teachers to build their content and pedagogical content knowledge and 

skills. Moreover, effective PD should be research-based and engage adult learners in the 

learning approaches they will use with their students. Finally, PD courses should provide 

opportunities for the teachers to collaborate with colleagues or other experts in the 

educational community in order to reflect on and improve their practices (Loucks-Horsley, 

Love, Stiles, Mundry, & Hewson, 2003). Those last two characteristics, collaborative 

working and reflection, are also apparent in PRIMAS PD courses. The following study of 

Swan et al. that is described was part of PRIMAS project.  

The focus of that research was designing and refinement of PD resources with the 

aim to help teachers move from traditional approaches to more inquiry-based strategies. 

Moreover, the goal was to encourage teachers to explore the results of using inquiry-based 

pedagogies in their classrooms (Swan, Doorman, & Mooldijk, in press). 

Through PRIMAS PD, teachers are invited to take risks in adopting new practices in 

order to change their beliefs through reflection, collaborative working, discussion and giving 

feedback on their classroom experimentation. The focus of the study by Swan et al. (in press) 

was on two countries; England and the Netherlands. In the Netherlands teachers were free to 

experiment with the suggested pedagogies and were not subject to persuasion to change their 

held beliefs.  

Concerning the research's results, in both countries teachers reported an increased 

level of student engagement and creativity when using IBL methods in the classroom. 

Furthermore, some teachers reported that they developed a more diverse repertoire of 
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teaching methods and that they were challenging and questioning students more carefully to 

evoke their understanding and misconceptions (Swan, Doorman, & Mooldijk, in press). 

On the other hand, some teachers reported a number of difficulties. The main aspects 

concerned the introduction of collaborative learning between students, the lack of individual 

writing products from students and them feeling uncomfortable with the new approaches. 

Finally, teachers found it difficult to embed and sustain the approaches and claimed that their 

understanding of new pedagogies developed slowly.  

Overall, teachers supported that their beliefs and practices changed which was also 

confirmed by students. However, Swan et al. (in press) support that there is still room for 

improvement in particular aspects which seem to influence the change in teachers' beliefs 

and practices.  

Further research tries to shed light on the implications for promoting effective PD 

(Capps, Crawford & Constas, 2012).  More specifically, Capps, Crawford and Constas 

(2012) investigated if teachers are indeed supported by PD courses to enhance or change 

their knowledge, beliefs and practices and if these changes eventually promote student 

achievement.  

Capps et al. (2012) developed a list of nine common characteristics of effective 

inquiry PD based on literature analysis which are: Total Time available for PD meaning the 

amount of time required for an effective PD, providing Extended Support to teachers over 

time, engagement in Authentic Experiences which refers to PD programs in which teachers 

conduct an inquiry study that is not predefined, Coherency which refers to PD programs that 

are relevant to teachers' everyday work. Developed Lessons meaning programs in which 

teachers learn about inquiry as a teaching strategy by designing inquiry-based lessons for use 

in their classrooms, Modeled Inquiry meaning that the program models inquiry-based 
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instruction for the teachers during the PD, Reflection on experiences, Transference which is 

about discussing how teachers can apply new experiences and material in their classrooms 

and finally Content Knowledge indicates that the PD program focuses on increasing teachers' 

science subject matter and content knowledge. 

Moreover, four categories concerning the results of PD intervention were developed: 

enhanced teacher knowledge, enhanced teacher practice, change in teachers' beliefs and 

enhanced student knowledge. This study focused on how inquiry PD courses having the 

aforementioned characteristics supported teachers in those four categories.  

The results indicate that there is a range of outcomes concerning inquiry PD models, 

including enhanced teacher knowledge, changes in teacher beliefs and practice, and growth 

in student knowledge but there is no study that reports on all of the categories or on all of the 

nine characteristics of effective PD. Therefore, they suggest that future research studies 

should investigate the connection between PD design and the four categories as well as to 

explore which of the nine characteristics of effective PD are most important for teacher 

growth.  

Finally, based on the results of Capps and Crawford (2013), it is suggested that when 

teachers are participating in short-term yet intensive PD programs their knowledge and 

beliefs on inquiry are enhanced. In addition, they point out the importance of reflection on 

former and new teaching practices. Therefore, a combination of enhancing knowledge and 

reflecting activities lead to promoting teacher change. Not all teachers though changed their 

beliefs towards inquiry which implies that there is a need to extend the activities beyond PD 

sessions. Some teachers need more time and support to assimilate new knowledge and 

concepts to their understanding and practices.  



13 
 

To summarize, research has shown that IBL in science education is a way of 

engaging students in being active learners and taking part in the construction of scientific 

knowledge. Students, in order to achieve that successfully need scaffolding teachers who can 

provide the necessary guidance and support. Many teachers though do not have the required 

background and experience in implementing IBL and therefore need support in order to 

change their beliefs towards IBL as well as to change their teaching practices. One way to 

achieve teacher change is through PD courses which aim at supporting teachers to improve 

or develop their inquiry skills and strategies. Different researches have suggested various 

characteristics of effective PD and the tables below summarize them (Table 1 and 2). 

Moreover, Table 3 summarizes the aspects that PD designers should take into account when 

considering the content of PD. 

Table 1 

Effective characteristics of PD as suggested by different authors. 

 

 

Common characteristics   

Loucks-Horsley et al. Capps et al. Primas 

Collaborative working  - Collaborative working  

Reflection Reflection Reflection  

 

Research Goal and Research Questions 

Many teachers would like to have more IBL going on in their classrooms, but it can 

be difficult for them to get started (Primas, 2011). According to PRIMAS project, there is a 

need to promote IBL methods performed by scaffolding teachers. 
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Table 2 

Effective characteristics of PD as suggested by different authors. 

Rest of the characteristics 

Loucks-Horsley et al. Capps et al. Primas 

 

Research-based PD 

 

Coherence with everyday work Discussion 

Provide links to other parts of 

educational system 

 

Total time (required duration) Feedback 

Build on content knowledge 

and skills 

 

Discussion of knowledge 

Transference  

 
Focus on Content knowledge 

  

 
Engagement in Authentic 

experiences  

 Modeling inquiry instruction 
 

 Providing Extended Support 
 

 Developing inquiry lessons 
 

Note. These are the basic features observable in different researches. As we can see Collaborative 

working and Reflection are the two common characteristics.  

 

Table 3 

What the content of PD should promote, as suggested by different authors. 

Loucks-Horsley et al. Capps et al. Primas 

Enhance and build on teachers' 

Knowledge 

Enhance teacher's knowledege 

 

Change teachers' beliefs 

 

Engage adults in the learning 

approaches they will use 
Enhance teachers' practices 

Support teachers' to 

adopt new practices 

 Enhance student knowledge 

 

Provide inquiry tools and 

resources 

 Change teachers' beliefs 
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Successful inquiry requires new learning tasks, new teaching procedures and 

changing roles for both teachers and pupils. The role of the teacher is essential for promoting 

this type of learning. Teachers must be able to create the necessary context for inquiry-based 

activities and attain the relevant abilities. In daily classroom practices some teachers mostly 

rely on routine teaching strategies that fit a lesson schedule of discussing homework, 

introducing and explaining new topics and presenting new theory and homework. Science 

teachers that are used to these teaching strategies need support in integrating and applying 

new IBL pedagogies in their classrooms.  

The goal of this research is to investigate what are the results and effects on teacher 

growth when providing support to teachers through PD in order to develop their IBL skills 

and practices. Moreover, the elements that render the content and organization of PRIMAS 

PD more effective are investigated. More specifically, the core research question is: 

What is the effect of Professional Development courses on teachers' IBL beliefs and 

skills when participating in PD sessions for a year? 

In order to answer this research question the following sub-questions were formulated: 

1. What changes can be observed in teachers' beliefs towards inquiry? 

2. What changes can be observed in teachers' IBL practices when they are supported 

through PD courses to implement IBL? 

3. To what extent are the choices of the content and organization of PRIMAS PD 

effective? 
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Methods 

Context of study and Participants 

The study was conducted within PRIMAS international project. The duration of the 

this project is from 2010 to 2013. During this time many resources and support measures 

were developed and were available to teachers. Some of these are teaching materials and 

strategies, Professional Development courses which provide long-term support for teachers 

and material databases (Primas, 2011). The following research project is a case study based 

on qualitative data. The school in which this research took place is Maasland College at Oss, 

the Netherlands. The teachers who participated in PRIMAS project attend throughout the 

year five PD sessions (five different modules). In total the sessions provided by PRIMAS 

were seven but at this particular school only five were carried out (see Appendix C, 4c, for 

all modules).  

Moreover, two of the teachers agreed to collaborate with us in order to support this 

study. One is a physics teacher (3-year teaching experience), teacher A and the other a 

biology teacher (14-year teaching experience), teacher B. No math teachers participated in 

the PD sessions. They were interviewed and observations of some of their classes took place. 

The students' age of teacher's A class was 12 years old and of teacher's B, 13 years old. The 

selection of those two particular teachers was not intended but after getting to know the 

group of the teachers at Oss during the 2
nd

 PD session, further communication with them 

was developed and consequently we agreed to work together in order to collect the data for 

the research. Final interviews were carried out after the completion of the PD sequence. 
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Description of Instruments 

The first part of the research focused on observations of the following: Observation 

of PD sessions and Classroom Observations. Moreover, another focus of the research was 

interviews of the two aforementioned teachers and interviews with the multiplier of the PD 

(the multiplier is the person who conducted the PD sessions). Finally, a questionnaire was 

developed and addressed to 80 teachers from other Dutch schools who participated in 

PRIMAS PD.  

A proposal of an Observation Sheet for PD courses was available from PRIMAS for 

facilitating PD observations (see Appendix A for Observation Sheets). It provides an outline 

of the basic perspectives that the observer needs to keep in mind and take notes of. Those 

include the aims of the PD sequence, Obstacles and Difficulties, Phases of the session, Type 

of work done in each phase and the Resources used. The Classroom Observation Sheets are 

formulated in the same pattern (see Appendix A). 

The above Observation Sheets include considerations and questions for the observer's 

reflection after the observations. For the classroom observations these are concerned with 

teacher's characteristics, learning environment, students' inclusion and their activities and 

finally classroom interactions. For the effectiveness of PD sessions, the considerations and 

questions focus on teacher's reflection, analysis, preparation in order to implement IBL in the 

classroom and teacher's (final) reflection. 

The questions asked in the interviews are provided in an Interview Guide which 

includes questions concerning the Biographic Background of the teacher, Arrangement of the 

learning environment, Students, Classroom Culture, Professional Development (see 

Appendix A, Interview Guide). Concerning the third research sub-question, not only the 

questions suggested in the Interview Guide were used but also some extra questions that 
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were developed e.g., specific questions concerning the topics of the different PD courses. 

This way, it was possible to answer questions about the content because the Interview Guide 

focuses mostly on the organization of PD. 

The interviews with the multiplier were based on questions derived from the 

Observation Sheets PD which involve considerations and questions for reflection after the 

PD. Specific questions were chosen and the multiplier was asked to provide answers from 

her point of view (See Appendix A, Observation Sheet PD, Considerations and questions for 

reflection after PD sequence). 

Moreover, the questionnaire was developed in order to compare our findings with the 

experiences of other Dutch teachers participating in PRIMAS PD and help us generalize (see 

Appendix C).  

An extra part of this project was a visit to Manchester in the UK. The University of 

Manchester is also participating in PRIMAS project and that visit enriched our findings by 

attending a PD course using similar resources and by observing a lesson of a group of 

science teachers. This visit provided information concerning effective PD characteristics as 

valued by British teachers and it was useful in order to further support our findings especially 

with respect to the third research question. 

Instruments used to answer the sub-questions 

The recorded interviews and the PD observations helped us gain insight into the 

changes in beliefs towards inquiry as reported by the teachers. (see Appendix A, Interview 

Guide and Observation Sheet PD). 
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In order to understand the changes in teachers' practices the interviews and the 

Classroom Observations were used. This way the changes as reported by teachers were 

examined (interviews) and as observed in the Classroom Observations too. 

In order to answer the third sub-question the following were examined: to what 

extend are the content and organization of the PD effective as reported by teachers and the 

multiplier in post-interviews (see Appendix A, Interview Guide, VII for more information on 

types of questions).  

The instruments that were used have been validated by PRIMAS project and all 

material is provided in the Appendices. 

Data Collection 

The interviews were divided into the following parts; pre-interviews before the first 

PD session, intermediate interviews after each session and post-interviews after the last 

session. Since this project initiated after the first PD session, pre-interviews and the 

interviews after the first session could not be part of the research. Furthermore, it was not 

possible to interview the teachers after each session because of limited time at their disposal. 

We developed regular communication via e-mail with the teachers. Therefore, 

together we scheduled the days on which the Classroom Observations took place. Again 

post- and intermediate observations occurred (excluding the pre-observations). Those helped 

reach conclusions about the development of IBL skills and practices of the teachers 

throughout the year and it was also a way to see students' reactions towards IBL methods. 

Data Analysis 

The importance of the observation of the PD sessions was to see the development of 

the teachers from one session to the other. This allowed us to observe how they were helped 
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from a previous course and how they reflected on it. In what way they managed to 

incorporate aspects of IBL to their classes and to what extent they believe they sustained this 

development and made IBL practice a habit. The point of the different types of interviews 

was to gain insight into teachers' development from the beginning till the end of their 

participation in PRIMAS PD.  

The data analysis that followed was based on the observation and interview material. 

For the qualitative analysis, research software ATLAS.ti was used which is a workbench for 

the analysis of large bodies of textual, graphical, audio, and video data (Van Nes & 

Doorman, 2010). This software enabled the organization and coding of data with the use of a 

Coding Agenda provided by PRIMAS which involves codes concerning Teacher's beliefs, 

Teaching and PD sessions (see Appendix B). The coding system was already established and 

top down coding was performed. Moreover, ATLAS.ti was used to transcribe verbatim the 

recorded interviews of the teachers. 

The instruments used for this qualitative analysis were the interviews and the 

observations which were a proper choice since the intention was to gain insights into 

teacher's feelings, experiences and most importantly beliefs on IBL. Classroom Observations 

helped mainly to understand the change in teachers' practices concerning inquiry and PD 

Observations to see how teachers reflected on their practices and how they collaborated with 

the rest of the teachers. 

Finally, in order to have credible inferences and ensure as much validity as possible, 

the method of investigator triangulation was used and we did a member check with the 

participating teachers concerning their interviews and our interpretation of them. Regarding 

investigator triangulation, a master's student performed the coding of the data and assigned 

codes based on the Coding Agenda. Therefore, internal reliability was checked when the data 
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were reanalyzed by the other researcher and there was an agreement on the assigned codes at 

a rate of 77 percent. 

Results 

The following emergent themes were identified from the analysis: Regarding change 

in beliefs, both teachers reported that PD courses have deepened their knowledge about how 

to approach IBL and opened their mind towards it. Moreover, both of them became more 

willing and positive towards IBL with the difference that teacher A (who was already 

implementing inquiry more) tried to use more inquiry-based techniques while teacher B had 

not done a lot with inquiry yet because as he reported "life has been hectic and I could not 

really find the time for it". (Teacher B, Interview May 29, 2013). 

What the multiplier reported concerning teachers willingness towards IBL is that, 

"IBL was not a habit for most of the teachers and they are not used to practicing it. They 

postponed using IBL even if they were willing to do it because it is a time-consuming 

process [designing a lesson from scratch]". (Multiplier, Interview January 18, 2013). 

The results of the questionnaire indicate that most teachers became more willing 

towards IBL but the difference from those who reported that their attitude remained neutral 

was not significant. A great number of teachers reported the time factor as being important 

and that designing IBL lessons can be time consuming. More specifically they said that, 

"time constraints are relevant", that "time is the most important factor", "Time is limited and 

implementing IBL in lessons takes a lot of time. I hope I can improve my time-management 

and just do it". Another teacher said that, "to change parts of your lessons requires sometimes 

time you don't have at that moment" and finally a relatively inexperienced teacher said that, 

"It's only my second year of teaching so everything still takes me a lot of time". 
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 Regarding change in teaching practices, teacher A reported that he already used IBL 

quite a lot. 

 I do it more consciously now and I get more out of it by allowing them [the students] 

more time having to look at it from different angles. I have become more aware of 

how I teach; as you know I am not an experienced teacher but I am an experienced 

researcher so I guess I know how to do an investigation and everything I have always 

done was inquiry-based. But now I know better how to translate that in practice into a 

good lesson. I engage everybody in class not just the ones that raise their hand. My 

number of tools that I have is bigger now. (Teacher A, Interview May 29, 2013). 

On the contrary, teacher B initially was not implementing inquiry so much in his 

lessons compared to the previous teacher. He had some experience working this way but 

rather limited. He said that, "Providing instructions is an important activity of a lesson, 

linking subjects to subjects pupils can relate to, let pupils discuss subjects in groups, discuss 

questions from pupils or discuss assignments. Every now and then [performing] a practical". 

(Teacher B, Interview January 28, 2013). In the final interviews he said that he now has a 

more open mind in doing things. He has got some new ideas but just has not worked with 

that. Every time he wants to prepare his lessons or first set on a subject or chapter, he thinks 

about this way of teaching as well. He has more options and the PD opened up his mind. 

(Teacher B, Interview May 29, 2013). Moreover, he said that pupils from the first and second 

grade asked him to do things like this more often. "They made me promise. It is satisfying to 

see the pupils work on it with enthusiasm". 

After analyzing the Classroom Observation Sheets and having examined the 

frequencies of specific codes, the following patterns about teaching practices emerged. 
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Teacher A always valued the importance of initiating plenary discussions in his 

lessons, student-led inquiry and student interaction through group work. Especially student 

interaction was of importance to this teacher since in almost all of his lessons he chose to let 

the students work together, interact, cooperate and exchange ideas.  In most of the lessons 

from the beginning till the end of the year he was using those approaches almost at the same 

rate. 

Teacher B, initially performed lessons that evolved around plenary discussions while 

student-led inquiry was rather limited and student interaction almost absent. What was 

observable over time is that he limited the plenary discussions which involved teacher's 

participation a lot and gave way to group work and student interaction. Subsequently, this 

teacher (who initially was not using IBL a lot) did change his practices to a small amount 

even though the teacher himself reported the opposite.  

The results of the questionnaire indicate that the vast majority of the teachers changed 

their teaching practices. Most of them reported that the PD courses helped them develop their 

teaching practices and their IBL skills but we do not know the extent to which their teaching 

practices changed. Also, they reported that after their participation in the PD they started 

implementing more IBL in their lessons. 

Concerning the organization of PD courses, both teachers value the importance of 

Reflection during the PD and Collaborative working with their colleagues. More specifically, 

teacher A said that: 

Reflection during the PD is pretty useful because it makes you think about how you 

have done things in the past. So, otherwise it is just too easy to sit in the course and 

come to the next course a month later and in between.. you intend to do something 

with it, but you are so busy that you forget actually to implement what you've done. 
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By giving you an assignment, you implement this and report on it during the next 

meeting and really helps you to actively think, "Well..how am I going to do it?" and 

then after  you've done it, "How did I do it?" or "What came out of it". (Teacher A, 

Interview May 29, 2013). 

Regarding Collaborative working he reported that, "Through the collaboration with 

other teachers you get inspired and inspire as well". While talking about a particular lesson 

he performed he said that: 

This is [an experiment] something that I introduced and he [another science teacher] 

was really eager to learn what I did there and how we did it and he has also 

implemented that to his own lesson. Last year we collaborated as well but definitely 

increased this year [after the PD]. (Teacher A, Interview May 29, 2013). 

Teacher B also found the Reflection part during the PD useful.  

For one, [it is useful] hearing what the others did, [because] you are getting new ideas 

and sometimes [you think] "oh, yeah I am doing that as well myself". So, some things 

we did in the course I had already done in my lessons myself and it is good. You feel 

well about yourself if you hear that this is what other people do, [and you think] "I am 

not that bad a teacher". So, for that it's ok.  On the other hand, if they discuss the 

lessons I did and make new suggestions it will help you to improve this kind of 

lessons the next time. (Teacher B, Interview May 29, 2013). 

Furthermore, regarding Collaborative working he reported that  

There are a few things that you can pass on to the other teachers like, "we are doing it 

this way and maybe that's an idea or how would you do that?" I haven't done that yet 

[with teachers not participating in PRIMAS] but I really thought about it. That would 
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be a good idea because if we are already doing the course with the three of us and we 

are like eight of us in the biology department then we would have to pass this on to 

the other teachers as well. (Teacher B, Interview May 29, 2013). 

The results of the questionnaire demonstrate that teachers most frequently report 

Collaborative working and Discussion as the most effective characteristics but Reflection 

and Feedback were reported as well. 

Finally, the results from Manchester indicate that Discussion and Reflection were 

effective characteristics of PD. The teachers during the PD exchanged ideas of how a lesson 

can be performed or after the lesson what could have been done differently. Moreover, after 

performing the lessons, each group of teachers reported their own experiences and particular 

aspects of them were recognized by many other teachers. Generally, all of them willingly 

interacted throughout the whole day. This interaction seemed to be something that the 

teachers themselves pursued.  

Concerning the content of the different modules, teacher A reported that since he is 

relatively new as a teacher he would like to get practical tips on how to do certain things 

(first interview) and teacher B in his final interview said, "I would like to have more about 

science. And I thought we were going to discuss and introduce science as such in a different 

way, and it was more like teaching science in a different way ". He was satisfied but 

expected more tips and information about IBL in science.  

When the multiplier was interviewed after the final session, she said that "The 

teachers were provided with practical tips which they could apply the very next day and that 

was what they really enjoyed". Her overall feeling was that the teachers liked the PD and she 

said that "the sessions came at right time, they [the teachers] really needed to do something 

more". (Multiplier, Interview May 22, 2013). 
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Overall, the teachers that participated in the PD courses, when asked in the final PD 

course which two of the five modules they valued the most, the majority said that modules 2 

('Learning concepts through IBL') and 3 ('Asking questions that promote reasoning') were the 

most useful and interesting. These two modules were the ones that provided practical 

information and tips to the teachers. The same result is confirmed by the questionnaire in 

which the majority of the teachers reported that these two modules were the most useful. 

With reference to the visit to Manchester, the British teachers reported that they 

would have wanted more practical tips concerning the actual lessons they needed to perform, 

even regarding simple things like after how much time the teacher needs to intervene. They 

said that, "Just the theory about IBL is not actually helpful". (Observation Sheet PD, June 11, 

2013). 

Discussion  

The overall direction of the results suggested that teacher change in beliefs and 

teaching practices did occur and that there are certain characteristics of PD which are 

considered by the teachers to be effective and useful. The most important points that can be 

induced from the Results are: 

 Teacher change in beliefs indeed occurred for both the experienced (in terms of 

implementing inquiry and not in terms of number of teaching years) and inexperienced 

teacher; both became more willing towards inquiry approaches and more open towards the 

positive impact of IBL.  

Furthermore, teacher change in practices was not that significant for the teachers. The 

one already implementing IBL kept on using investigative and inquiry activities in his 

lessons at the same rate while the other reported that he did not have the time to adjust his 
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lessons and start using IBL activities more. Both of them though said that they have a greater 

number of tools at their disposal. One important aspect was that teacher A became more 

conscious and aware of what he is doing while in the past he was practicing IBL teaching 

more intuitively. Even though he was already rather experienced in inquiry during practical 

tasks, now he feels more supported and is more able to articulate what he was doing, why he 

was doing it and why that is important for students' learning. He is more confident 

concerning IBL practices because he has a better understanding of his intuitive practices.  

Finally, according to both teachers the content of the PD courses needs to be centered 

towards specific practical tips and information that relates to science teaching and not 

teaching in general. Moreover, as far as the organization of PD is concerned, both of them 

greatly value the significance of Reflection during the PD courses as well as Collaborative 

working. Indirectly, they say that Discussion and exchanging ideas was important as well.  

The first conclusion that can be reached from the results of our research is that 

teachers' attitude towards IBL does change and mostly when it comes to their beliefs and less 

when it comes to their teaching practices.  

Wellcome Trust foundation research suggests that there are four different types of 

attitudes towards PD: Believers, Seekers, Sceptics and Agnostics (Batterham, Page & Boon, 

2006). In our research the two teachers belong in the categories of Believers for teacher A 

and Agnostics for teacher B, with the believers being more optimistic and enthusiastic and 

with the agnostics still being positive towards inquiry while regarding time as an important 

factor which could hinder the implementation of IBL.  

Moreover as the results of Wellcome Trust indicate, different levels of experience 

and disciplines are two important aspects that affect the outcomes and should also be 

considered. In the case of the two teachers of our research, not only experience in working 
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with IBL techniques was an important factor but also teacher's motivation, disposition and 

positive attitude kept emerging as significant characteristics while the different disciplines 

(science and biology) did not have any particular effect on the results.  

As suggested by the research results of Bakkenes et al. (2009), change in knowledge 

and beliefs was most frequently reported in their study while change in teaching practices 

was rarely reported. In the case of the study presented here, teacher B indeed reported the 

same. He said that he now has a more open mind towards IBL and that he considers more 

this way of teaching when planning his lessons but still did not manage to do a lot with that 

yet. My personal interpretation of these results is that less experienced teachers in IBL, feel 

less secure and motivated to work with new methods and teaching approaches even though 

they recognize the beneficial effects on student learning.  Therefore, this means limited 

change in teaching practices. 

What is striking is that teachers' attitude towards IBL does change mostly when it 

comes to their beliefs and less when it comes to their teaching practices but the results of the 

questionnaire indicate that change in practices is more apparent than change in teachers' 

beliefs. 

Even though teachers reported change in practices in the questionnaire (both 

experienced and inexperienced teachers), many of them expressed their concern about time 

constraints and that it can be a hindering factor in order to reform whole lessons and start 

using more IBL. Because we do not know the extent of change in teaching practices, no clear 

conclusions can be reached about the second research question based on the questionnaire.  

A second conclusion that can be drawn from the results in the light of those 

considerations is that teacher change indeed takes place and one important factor that affects 

teacher change in both beliefs and practices is the initial attitude (Believer, Agnostic) the 
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teacher has towards inquiry which is directly related to the amount of experience in IBL that 

he/she has already acquired. Both teachers eventually were more willing and positive 

towards IBL but the less experienced teacher still found obstacles (time restrictions) in 

implementing IBL. He was less motivated to change his lessons into investigative ones and 

was more skeptical of the necessity to do so. Even though the teacher himself could see that 

the students enjoyed this type of lessons and that they were enthusiastic he still had trouble 

altering the structure of his lessons. 

 Regarding the third research question with a focus on the content of the PD courses, 

teacher B said that he expected more tips and information about IBL in science specifically. 

He found some of the sessions relatively general and not focused on science teaching but 

teaching in general. Therefore, need for less general and more specific subject (science) 

related teaching material was reported. This is in agreement with the results of the Wellcome 

trust research where it is indicated that teachers would expect and desire more amount of 

CPD regarding subject updating particularly in science, as well as a focus on teaching skills 

and classroom management. 

Another conclusion that can be reached which concerns the content of PD is that, 

providing practical advice and information which can be of direct use in science classes is of 

great importance to the teachers. That was a need expressed by the teachers themselves (both 

in the Netherlands and in the UK) and by the multiplier of the PD. Generally, the teachers 

expect a PD course that revolves around their particular practical needs and not around 

teaching as a theoretical matter. 

As already stated above, the results of this research point out that both teachers A and 

B consider Reflection and Collaborative working to be effective characteristics of the 

organization of PD courses. 
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Different authors suggest that effective and successful PD courses consist of these 

two characteristics. Focusing on PRIMAS report, there are four main features: Reflection, 

Collaborative working, Discussion and Feedback (Primas, 2011). In the case of teacher A of 

our research, what is observable is that he tends to interrelate Collaborative working with 

Discussion (in the context of the PD and not outside) of experiences with fellow teachers 

which could lead to the conclusion that he equally values Discussion. As this teacher 

specifically said, "Through the collaboration with other teachers you get inspired and you 

inspire as well". This can be done through engagement in common experimental work within 

lessons and also though exchange of ideas during the Discussion part within the PD courses. 

Furthermore, both teachers reported that Reflection is important for different reasons. 

For teacher B because you have the chance to see what other teachers are doing, what 

difficulties and problems they are facing and what the obstacles are. That helped him realize 

that he is not the only one dealing with particular problems. For teacher A because through 

Reflection you can organize your actions and really think how you did things in the past and 

identify what went wrong. This way in the future you remember what you did, how you did 

it and how you are going to improve yourself next time. 

Finally, the research by Bakkenes et al. (2009) suggests that organized learning 

environments (reciprocal peer-coaching, collaborative project groups) seem to derive better 

learning activities and outcomes (and consequently lead to teacher change) than informal 

learning in the workplace. This is in accordance with the results of the other researches 

regarding the effectiveness of PD courses, which are a form of an organized learning 

environment in which Collaborative working takes place.  

Capps, Crawford and Constas (2012) suggest that Content Knowledge is significant. 

Content knowledge refers to the focus of the PD program on science subject matter and 
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content learning for teachers which are elements not mentioned in PRIMAS report. As 

teacher B said he found some of the sessions relatively general and not focused on science 

teaching but teaching in general. This leads to the conclusion that he would have liked more 

subject matter learning that could be directly related to the particular scientific context of his 

lessons. Moreover, the opportunity to build on Content Knowledge is mentioned by Loucks-

Horsley et al. (2003), (see Table 1).  

Therefore, a final conclusion regarding the organization of PD is that including 

Content Knowledge is another effective characteristic as reported by teacher B. Moreover, 

Reflection and Collaborative working were already identified by all researches as two of the 

most important characteristics and the results of this research verify that with the addition 

that Discussion is also highly valued. What was not clear concerning both teachers is how 

they valued Feedback either from their colleagues or from the multiplier of the PD. 

Generalizability  

This research is a case study and the results cannot be automatically generalized. The 

way to generalize though was the formulation of the questionnaire based on inferential 

results that were obtained from the research. This questionnaire was addressed to other 

teachers involved in PRIMAS project not only from Maasland College but also from other 14 

Dutch participating schools. The focus of these questions was on inferred results concerning 

the overall effectiveness of PD courses and some questions concerning changes in beliefs 

and practices. Therefore, the emerging conjectures which became clear towards the end of 

this research project, were used to form a questionnaire that was useful in order to generalize 

our results. 
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Limitations 

Concerning the selection of the classes that were observed, that was the teachers' 

choice. Random selection of the teachers was not an option which is one limitation of this 

research. Moreover, other schools were participating in PRIMAS project but I did not choose 

the school in which this research was conducted as it was assigned to me by my supervisor 

who was also the person leading PRIMAS project in the Netherlands.  

Another drawback of this study is that the results for teacher B and his teaching 

practices come from just two classroom observations in the beginning and one after the last 

PD course. Therefore, the conclusions reached might have differentiated if more of his 

lessons were observed especially towards the end of his participation in the PD sessions. 

Implications 

The results of this study have some implications for teachers' PD and for teacher 

change. First, our findings suggest that apart from the four PD characteristics as suggested by 

PRIMAS, focusing on Content knowledge was also identified as an important characteristic. 

Future research studies should attempt to explore which of the above characteristics of 

effective PD are most crucial and essential for teacher growth. 

Moreover, the results suggest that teachers participating in PD highly value the 

importance of receiving practical tips and help that can be of direct use and application in the 

classroom. Therefore, when designing future PD this aspect needs to be taken into account. 

Finally, further research is necessary in order to find the relation between teacher 

change (in both beliefs and practices) and teachers' previous experience using IBL.  

This research suggests that teachers' participation in PD has beneficial effects; 

teachers become more willing and positive towards IBL and they try to implement more 
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inquiry techniques in their lessons. Teachers that are less used to such practices though feel 

skeptical and sometimes insecure, factors that can hinder the productive implementation of 

IBL. 
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Appendix A 

Research Instruments 

1. Interview Guide 



38 
 

 

 

 

 



39 
 

 

 

 

 

 

 

 



40 
 

2. Observation Sheet PD 
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3. Observation Sheet Classroom 
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Appendix B 

Coding Agenda 
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Appendix C 

Questionnaire 

 

 
 



60 
 

 
 
 
 



61 
 

 
 
 
 
 



62 
 

 

 
 
 
 
 



63 
 

 


