
Research in Science Education (2021) 51 (Suppl 1):S81–S108

Professionalising Primary School Teachers in Guiding
Inquiry-Based Learning

Martina S. J. van Uum1 & Marieke Peeters2 & Roald P. Verhoeff3

# The Author(s) 2019

Abstract
This paper reports a pretest-posttest study about the impact of a teacher professional develop-
ment (TPD) programme on primary school teachers’ knowledge of and attitude towards
inquiry-based learning. A pedagogical framework of inquiry phases and domains of scientific
knowledge combined with hard and soft scaffolds formed the basis for the TPD programme. A
total of 59 teachers were divided between the experimental group, which participated in the
TPD programme, and a control group. We measured the teachers’ subject matter knowledge
(SMK) of the conceptual, epistemic, social, and procedural domain before and after the TPD
programme by means of different questionnaires. In addition, we measured their knowledge of
how to support their pupils during the inquiry process (PCK) and their attitude towards
inquiry-based learning. The results show that our TPD programme improved teachers’ con-
ceptual and social SMK, PCK, and attitude. Our study implicates that scaffolding different
domains of scientific knowledge during the inquiry cycle is a valuable component of TPD in
inquiry-based learning.
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Introduction

In the past decades, there has been growing attention to inquiry-based science education
(IBSE; Minner et al. 2010). IBSE improves scientific knowledge and attitudes of pupils, and
motivates them as they enjoy active learning (Braund and Driver 2005; Gibson and Chase
2002; Murphy and Beggs 2003; Schroeder et al. 2007). Instead of top-down instruction, open
IBSE can be viewed as a bottom-up approach, in which pupils formulate their own research
question and design and conduct an investigation to answer the question (Windschitl 2003).
This does not imply that teachers only observe their pupils. On the contrary, they have an
important role in facilitating inquiry-based learning and scaffolding the knowledge and skills
of their pupils (Van Uum et al. 2016, 2017). Unfortunately, teachers are often unfamiliar with
this way of teaching and learning, as they lack confidence in their own scientific knowledge
and ability to teach science (Harlen and Holroyd 1997; Murphy et al. 2007b). In addition, they
experience difficulties in guiding their pupils during the inquiry process (Yoon et al. 2012;
Zion et al. 2007).

Primary schools in the Netherlands are obliged to include IBSE in the curriculum in 2020
(Techniekpact 2013). As teachers experience difficulties guiding the inquiry process, we
decided to develop a professionalisation programme for them. This article describes a
pretest-posttest control group study about the effects of the teacher professional development
(TPD) programme focused on a pedagogical framework of inquiry phases and domains of
scientific knowledge combined with scaffolds. We addressed primary school teachers’ scien-
tific content knowledge, pedagogical knowledge of, and attitude towards inquiry-based learn-
ing. The paragraphs hereafter clarify our view on inquiry-based learning and elaborate the
pedagogical framework and scaffolds that formed the basis for our TPD programme.

In a previous study, we developed a pedagogical framework for teachers to support the
inquiry process of their pupils (Van Uum et al. 2016). The framework includes the seven
phases of inquiry of Van Graft and Kemmers (2007): (1) introducing, and (2) exploring the
theme of inquiry, (3) designing, and (4) conducting an investigation, (5) drawing a conclusion,
6) presenting the investigation, and (7) deepening/broadening of understanding (e.g. thinking
about the implications of the results for society). In addition, based on research about science
learning, science education, and the nature of science (Duschl 2008), scientific literacy (Durant
1993), and inquiry-based science teaching (Furtak et al. 2012), we distinguished four impor-
tant domains of scientific knowledge to address during inquiry-based learning: the conceptual,
epistemic, social, and procedural domain. The conceptual domain refers to concepts, such as
gravity and electricity. Understanding the nature of science and the way scientific knowledge is
generated, is part of the epistemic domain. Asking questions and drawing conclusions are
considered procedures. Finally, the social domain indicates collaboration within a research
project and communication about the research with scientists and the general public (Duschl
2008; Furtak et al. 2012).

As it was unclear how to combine the different phases of inquiry and domains of scientific
knowledge to support pupils’ inquiry process, we investigated on which domains of scientific
knowledge teachers should focus to optimally guide their pupils’ investigations. We found, for
example that addressing the procedural domain in the phase of conducting the investigation
supported pupils’ data collection, and that addressing the social domain in the presentation
phase of inquiry facilitated their research presentations. These important combinations of
domains of scientific knowledge and phases of inquiry formed the basis for our pedagogical
framework (Van Uum et al. 2016).
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Although the framework provided guidelines for teachers to address specific domains of
scientific knowledge in each phase of inquiry, it lacked tools or materials to implement these
interventions consistently. As research suggests that teaching materials can contribute to
teachers’ understanding and implementation of an open inquiry process (Van der Valk and
De Jong 2009), we decided to use these to support the implementation of our pedagogical
framework. In correspondence with the research of Saye and Brush (2002), we developed hard
scaffolds (concrete aids, prepared in advance) and soft scaffolds (teacher support, provided
after pupils’ questions or after observing their difficulties to proceed with their investigation) in
a subsequent study (Van Uum et al. 2017). An example of a hard scaffold is the question
machine that supported the formulation of research questions by presenting different criteria
that pupils used to judge and improve their research questions. A soft scaffold, for example is
referring to a hard scaffold with which pupils can solve their own problems. In the current
study, the pedagogical framework and scaffolds were used to improve teachers’ knowledge
and attitude towards inquiry-based learning.

This paper reports a pretest-posttest study in which we investigated whether and to what
extent the TPD programme based on inquiry phases and domains of scientific knowledge (Van
Uum et al. 2016) combined with hard and soft scaffolds (Van Uum et al. 2017) contributed to
primary school teachers’ knowledge of and attitudes towards IBSE. The current study
complements the previous study (Van Uum et al. 2017) by investigating the quantitative value
of TPD on inquiry-based learning combined with qualitative perceptions on changes in
knowledge and attitude. Prior to presenting our method and results, we will clarify the
theoretical framework and design of the programme.

Theoretical Framework

As teachers experience deficits in their own content knowledge, and their ability and confi-
dence to guide inquiry-based learning (Harlen and Holroyd 1997; Murphy et al. 2007b; Yoon
et al. 2012; Zion et al. 2007), we focused on increasing teachers’ subject matter knowledge
(SMK), their pedagogical content knowledge (PCK), and their attitude towards (teaching) the
content (Rohaan et al. 2010). In the following paragraphs, the teacher knowledge components
and attitude will be explained and linked to the domains of scientific knowledge and phases of
inquiry combined with scaffolds that we used as a base for our TPD programme.

SMK includes knowledge regarding the content that teachers want to address, such as the
concepts of electricity or temperature, their perception of this content, and their procedural
knowledge (Rohaan et al. 2010). In the current study, we divided SMK into four domains of
scientific knowledge that we used in our pedagogical framework (Van Uum et al. 2016). In the
SMK of the conceptual domain, we elaborated the relations between the concepts of
Bperception and action^. We chose these concepts because they were part of a successful
inquiry-based lesson module developed by Science Education Hub Radboud University
(Peeters et al. 2014). The epistemic SMK refers to an understanding of the nature of science
(NOS; National Research Council 1996; National Science Teachers Association 2000). We
selected three components: the tentative nature of scientific knowledge, the need for creativity,
and the difference between observations and inferences when generating scientific knowledge
(Khishfe and Abd-El-Khalick 2002). In the SMK of the procedural domain, we included
scientific procedures, such as formulating a research question and drawing a conclusion
(Peeters et al. 2014; Zion et al. 2007). Finally, elements of collaboration (Johnson and
Johnson 2009; Schroeder et al. 2007) and effective communication (Elizabeth et al. 2012;
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Mercer et al. 2004) were included in the social SMK. To elaborate understanding of research
presentations, we combined the phases of inquiry of Van Graft and Kemmers (2007) with
general content of research articles, such as an introduction and a discussion (Alexandrov and
Hennerici 2013). To improve teachers’ understanding of each domain of scientific knowledge,
we used hard scaffolds that were developed in a previous study (Van Uum et al. 2017). The
hard scaffolds will be described in the paragraphs about the design of the TPD programme.

PCK refers to the interaction of content knowledge and knowledge about ways of
teaching (Shulman 1987; Van Driel et al. 1998). It includes knowledge of teaching goals,
pupils’ misunderstandings, and elaboration of pupils’ understanding regarding concepts,
such as perception and action (Rohaan et al. 2010). Supporting pupils improves their
achievements during inquiry-based learning (Alfieri et al. 2011). Alfieri et al. conducted
two meta-analyses and compared assisted discovery with other forms of instruction, such
as unassisted discovery and explicit instruction. They concluded that assisted discovery
contributed the most to improvements in pupils’ achievements. Alfieri et al. recommended
using scaffolding to support pupils during the inquiry process. A scaffold is a framework
to support the construction of a building. In education, the term refers to a temporary
support that is contingent to pupils’ needs and can be faded by gradually transferring
responsibility of the learning process to the pupils (Lajoie 2005; Smit et al. 2013; Van de
Pol et al. 2014). Several studies suggest that pupils’ difficulties within the inquiry process
can be overcome by scaffolding their conceptual knowledge and understanding of the
inquiry process (Saye and Brush 2002; Simons and Klein 2007; Van Uum et al. 2017; Zion
et al. 2007). Saye and Brush (2002), for example observed that the hard scaffolds in their
study reduced the need for soft scaffolding, although soft scaffolding remained an impor-
tant teaching strategy to support pupils during the inquiry process. As a combination of
hard and soft scaffolds can improve pupils’ scientific understanding (Van Uum et al.
2017), teachers should address both during inquiry-based learning. The current study
contributes to these findings by addressing the implementation of both hard and soft
scaffolds to improve teachers’ understandings of learning goals for each phase of inquiry,
pupils’ (mis)conceptions and difficulties with the domains of scientific knowledge, and
ways to elaborate pupils’ understandings.

In addition to SMK and PCK, a positive teacher attitude towards IBSE should be stimulated
to increase the amount of inquiry-based science in primary school classrooms (Harlen and
Holroyd 1997). TPD can improve attitude towards science by explicitly focusing on different
components of attitude combined with inquiry-based learning (Van Aalderen-Smeets and
Walma van der Molen 2015). In our TPD programme, we divided attitude into an affective,
cognitive, and perceived control component to address the joy, importance of, and confidence
in teaching IBSE (Van Aalderen-Smeets and Walma van der Molen 2013). According to Van
Aalderen-Smeets andWalma van der Molen, these components influence teachers’ intention to
change their behaviour. Therefore, we included intentional behaviour as a result of changes in
attitudes. We expected that understanding the hard scaffolds would contribute to their SMK,
and that implementing the hard and soft scaffolds would improve their PCK and attitude
towards IBSE.

Design of the TPD Programme

To improve teachers’ SMK, PCK, and attitude regarding inquiry-based learning, our
programme included six components that have been reported to be essential for TPD:
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(1) focus, (2) active and inquiry-based learning, (3) collaborative learning, (4) duration
and sustainability, (5) coherence, and (6) school organisational conditions (Van Driel et al.
2012). The component Bfocus^ addresses the subject matter knowledge, pedagogical
content knowledge, and attitude of the teachers. In addition to a specific focus, it is
important to include active and inquiry-based learning with authentic elements (Niemi
and Nevgi 2014), such as analysing and evaluating pupils’ products from classroom
practice. Collaborative learning addresses the exchange of ideas and activities to be used
in classroom practice (Van Driel et al. 2012). It is crucial to stimulate collaboration and
reflection on inquiry-based instruction (Murphy et al. 2015), as it can improve teachers’
self-efficacy and inquiry instruction (Lotter et al. 2018). Although duration and sustain-
ability of professional development programmes are important according to teachers who
participated in TPD (Murphy et al. 2015), the ideal duration of an intervention is difficult
to determine (Van Driel et al. 2012). Coherence refers to the importance of consistency
within a TPD programme, the connection with classroom practice (Lotter et al. 2018) and
with school policies within a region or country. Finally, school organisational conditions
influencing the implementation of IBSE inside schools (Van Driel et al. 2012) are, for

Table 1 Overview of important components of the TPD programme

Component Activities

Focus - Discussing the phases of inquiry combined with essential domains of scientific
knowledge in each course meeting and doing exercises and activities to improve
understanding of the scaffolds connected to these phases and domains.

Active
inquiry-based
learning

- Watching and analysing videos and pupils’ products (theory and classroom practice).
- Reading and reflecting on a book chapter about inquiry-based learning and

perception and action.
- Doing exercises that can be transferred to participants’ own classrooms.
- Guiding an IBSE project in participants’ own classrooms.

Collaborative
learning

- Developing lesson plans and evaluating classroom experiences with other
participants.

- Exchanging opinions and reflections in group assignments during course meetings.
- Providing and receiving feedback on their inquiry-based lesson module, exchanging

ideas and experiences, and asking and answering each other’s questions via an
online platform.

Duration and
sustainability

- Participating in five course meetings (about 12.5 h).
- Doing homework assignments after each meeting and preparing lessons

(about 25 h).
- Implementing 10–12 lessons in participants’ own classrooms (about 7.5–15 h).
- Possibility to participate in follow-up professionalisation via the Winterschool of Science

Education Hub Radboud University.
Coherence - Discussing and doing exercises in each course meeting to understand the

pedagogical framework and scaffolds, and implementing these activities and
scaffolds in participants’ own classrooms after each course meeting.

- Evaluating classroom experiences in each subsequent meeting.
- Discussing the agreement between the government, educational institutes, and

companies in the Netherlands to address IBSE in all primary schools by the
year 2020 (Techniekpact 2013).

School
organisational
conditions

- Discussing school organisational conditions that influence the implementation
of inquiry-based learning, such as availability of time and resources, and
acknowledgement of the importance of the innovation by all the teachers
included (Ely 1990; Fullan 2007).

- Exchanging ideas about how to stimulate inquiry-based learning and to promote
a positive attitude of the teachers in participants’ own schools.
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example availability of time and resources, and acknowledgement of the importance of the
innovation by all the teachers involved (Ely 1990; Fullan 2007). In Table 1, the compo-
nents described in the study of Van Driel et al. are connected to specific activities in our
TPD programme.

As the component Bfocus^ addressed the core of our TPD programme, it will be elaborated
here. The focus included increasing the SMK, PCK, and attitude of primary school teachers
towards IBSE by means of a pedagogical framework of inquiry phases and domains of
scientific knowledge combined with scaffolds. In Table 2, for each combination of inquiry
phase and domain of scientific knowledge, a hard scaffold is provided. These hard scaffolds
were developed in previous studies (Van Uum et al. 2016, 2017) to improve pupils’ under-
standing of and ability to proceed with an inquiry process, and were used in the current study
to improve teachers’ knowledge and attitude towards inquiry-based learning. The learning
goals regarding teachers’ SMK and PCK for each hard scaffold are described in Table 2. The
learning goals regarding teachers’ attitude were similar for each hard scaffold: to understand
the importance of each hard scaffold, to feel confident when implementing the hard scaffold in
classroom practice, and to appreciate pupils’ ability to use the hard scaffold to design and
conduct their own investigations.

In each of the five course meetings of the TPD programme (about 2.5 h each), we
addressed one or more phases of inquiry combined with domains of scientific knowledge
and corresponding scaffolds. In meeting 1, we explained the general structure of the
framework. Subsequently, we focused on the first inquiry phase Bintroduction^ combined
with hard scaffolds about the epistemic domain of scientific knowledge. In meeting 2, we
explained the second inquiry phase Bexploration^ and scaffolds related to the conceptual
domain of scientific knowledge. Epistemic, social, and procedural scaffolds were ad-
dressed in the third meeting combined with the inquiry phase Bdesigning the
investigation^. In the fourth meeting, we paid attention to the inquiry phases Bconducting
the investigation^ and Bconclusion^ combined with procedural and epistemic scaffolds.
Finally, in the fifth meeting, a social scaffold was used in the Bpresentation^ phase of
inquiry and the Bdeepening/broadening^ phase was explained. In Online Resource 1, the
content of each course meeting is described.

In a previous study (Van Uum et al. 2017), soft scaffolds were developed to provide pupils
with contingent support connected to the needs of the pupils (Van de Pol et al. 2014). The soft
scaffolds were B(1) refer to a hard scaffold, and (2) provide examples or explanations regarding
the hard scaffold^ (Van Uum et al. 2017, p. 2468). These soft scaffolds were discussed in the
first three meetings of the TPD programme, and applied by teachers in their own classrooms
when guiding inquiry phases 1–3. From the fourth TPD meeting onwards, the model of soft
scaffolding of Van de Pol et al. was discussed with the teachers, including the subsequent steps
(diagnostic strategy, check diagnose, contingent support, and check understanding). These
steps were practised and applied by teachers when guiding inquiry phases 4–7 in their own
classrooms.

Social constructivist and situated learning principles were used to construct learning
activities for the participants of our course (Aydeniz and Brown 2010). In accordance with
social constructivism, participants of the TPD programme retrieved prior knowledge and
constructed new knowledge in a social context (Bransford et al. 1999). They, for example
discussed their views with others and connected hands-on with minds-on activities (Bleicher
and Lindgren 2005) related to the hard scaffolds. Situated learning was applied to achieve a
meaningful context (Aydeniz and Brown 2010) by combining course meetings with
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implementing the hard and soft scaffolds in participants’ own classrooms. In Table 3, the
general structure of each course meeting is described including the focus on SMK, PCK, and/
or attitude for each learning goal and learning activity.

Table 3 General structure of each course meeting of the TPD programme

Learning goals Learning activities Focus

Understanding the general structure
of the pedagogical framework
combined with hard and soft
scaffolds.

Listening to an explanation about the framework
(course meeting 1). Retrieving knowledge by
asking and answering questions about it
(course meetings 2–5).

SMK
PCK

Understanding the content of each
inquiry phase combined with
domains of scientific knowledge
and corresponding hard and
soft scaffolds.

Watching a classroom video about each
inquiry phase.

PCK Attitude

Discussing the content on the hard scaffold(s)
(Van Uum et al. 2017). Watching videos and
making exercises that are part of the hard
scaffold(s).

SMK

Taking part in activities that participants can
use in their own classrooms, such as the
introduction activity Bbalancing a tray with
drinks while running a trail^ (see Online
Resource 1), to improve understanding of a
domain of scientific knowledge and/or a phase
of inquiry, and to experience and enjoy
inquiry-based learning hands-on.

SMK
PCK Attitude

Determining learning goals for pupils in each
inquiry phase, addressing pupils’
(mis)conceptions related to the domain of
scientific knowledge that the scaffold focused
on and discussing the implementation of each
hard scaffold in classroom practice. Practising
soft scaffolding (Van de Pol et al. 2014) in
course meetings 4 and 5.

PCK

Understanding how to prepare
one or more lessons for the
inquiry-based lesson module.

Using the content of each course meeting to
compose a lesson plan in pairs and finishing
it as a homework assignment.

PCK

Being able and confident to guide
the inquiry phase(s) that is(are)
centralised in the specific course
meeting in teachers’ own
classrooms and enjoying pupils’
excitement to design and
conduct their own inquiries.

Guiding the specific phase(s) of inquiry including
the use of scaffolds in teachers’ own classrooms
and experiencing the reaction of the pupils.

PCK Attitude

Being able to reflect on their
acquired knowledge and
improved attitude.

Filling in a reflection form each time participants
guided an inquiry-based lesson in their own
classrooms. Describing whether and how the
TPD programme contributed to their
knowledge and attitude in order to teach
each lesson.

SMK
PCK
Attitude

Understanding how to improve
the implementation of the
inquiry-based lesson module
in teachers’ own classrooms.

Exchanging and evaluating classroom
experiences, giving suggestions for each other’s
lessons, and developing ideas for subsequent
lessons of the lesson module (course
meetings 2–5).

PCK

Being prepared for the
subsequent course meeting.

Doing homework assignments, such as reading
an article about inquiry-based learning or
watching classroom videos.

SMK
PCK Attitude
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Method

Participants

To inform potential participants about our TPD programme, we described the programme in
the newsletter of Science Education Hub Radboud University. In addition, a letter was sent to
schools in the region of Science Education Hub Radboud University and each school was
phoned to provide further information. We asked the principal of each school whether there
were teachers in his or her school that had little experience with IBSE and were interested in
participating in our TPD programme. We informed potential participants that two groups
would be formed to which participants would be assigned without being able to choose for a
particular group, due to the research connected to the TPD programme: a group that would
start the TPD programme in the spring and another group that would start the TPD programme
in the autumn of the same year. All teachers who subscribed to our TPD programme were
included and had a maximum experience of guiding one inquiry-based lesson in their own
classrooms. This resulted in the enrolment of 59 teachers from 25 different schools.

Since the TPD programme focused on teaching upper primary school pupils, we asked
participants to describe the amount of experience they had with teaching these pupils, in
addition to their total amount of teaching experience. Furthermore, we asked them about the
pedagogy they used to teach their pupils: traditional and focused on the whole class, or
innovatory, such as Jenaplan and Dalton in which pupils work together in small groups or
independently with responsibility for their own learning. Finally, we asked participants
whether they taught pupils with high performance scores in a separate classroom, because
these groups of pupils are usually smaller than the average classroom of pupils. The informa-
tion regarding the different variables was used to match participants and form two equal
groups: an experimental group (30 teachers) and a control group (29 teachers).

The experimental group consisted of 25 women and 5 men. Their average age was 46
(SD = 11.18). The control group consisted of 20 women and 9 men with an average age of
42 years and 6 months (SD = 9.96). In Table 4, the relevant data of each group are presented.

The experimental and control group were comparable on gender, χ2(1) = 1.68, p = .233,
school didactics, χ2(1) = .52, p = .589, years of teaching experience, χ2(1) = 1.14, p = .333,
and years of experience teaching upper primary school pupils, χ2(1) = 1.36, p = .295. Since
50% of the cells of the following three variables were less than 5, we used Fisher’s exact test to
determine whether these variables were comparable between the experimental and control
group: age (p = .237), amount of education combined with research experience (p = .693), and
teaching talented pupils (p = .671).

Research Design and Procedure

To measure the effects of the TPD programme on teachers’ knowledge and attitude, we used a
pretest-posttest control group design. During 4 months, the experimental group took part in the
TPD programme. At the end of the first TPD course meeting, participants were asked to start
implementing lessons of the inquiry-based lesson module in their own classrooms parallel to
the different TPD course meetings. The control group did not receive any training within that
time period, since they would participate in the TPD programme after the current study had
been conducted. One month before and after the professionalisation of the experimental group,
both the experimental and control group filled in an online questionnaire in which
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measurement instruments about SMK, PCK, and attitude towards IBSE were included. These
instruments will be described hereafter. Participants needed about 45 minutes to complete the
questionnaire. In the results section of this article, we will explain that the teachers in the
experimental and control group acquired comparable results on the pretests, but differed in
their results on most of the posttests. In addition, directly after the fifth course meeting,
participants of the experimental group were asked questions about their perceived changes
in SMK, about contributing elements of the TPD to their SMK, PCK, and attitude, and about
their intentions to sustain IBSE in classroom practice (see Table 5).

Measurement Instruments

The different measurement instruments used in the current study are described hereafter and
summarised in Table 5. To measure the SMK, PCK, and attitude of the participants in our
study, we used a mixed methods approach to elaborate the educational process and to
determine significant differences between pre- and posttests. We developed or selected
measurement instruments to include in our questionnaire. The measurement instruments
consisted of open questions and/or Likert scales ranging from 1 (totally disagree) to 5 (totally
agree). The SMK was measured using tests in which participants answered questions or
responded to statements about the four domains of scientific knowledge. The SMK tests
consisted of open questions (conceptual SMK, social SMK, and procedural SMK) or a
combination of Likert items and open questions (epistemic SMK). To measure the epistemic
SMK, we selected the SUSSI instrument (Liang et al. 2008) and we used the Diet Cola test
(Fowler 1990) to measure the procedural SMK. The conceptual SMK questions were

Table 4 Characteristics of the experimental and control group

Variable Category Experimental group* (n = 30) Control group* (n = 29)

Gender Woman 83.3 69.0
Man 16.7 31.0

Age < 30 16.7 17.2
30–55 60.0 75.9
> 55 23.3 6.9

Highest level of education
combined with experience
with research

Bachelor’s degree, no
research experience

53.3 41.4

Bachelor’s degree,
research experience

33.3 34.5

Master’s degree, higher
vocational education

10.0 17.2

Master’s degree,
university

3.3 6.9

School didactics Traditional 60.0 69.0
Innovatory, such as

Dalton, Montessori.
40.0 31.0

Teaching talented pupils
with high performance in
a separate classroom

Yes, teaching this class 13.3 6.9
No, not teaching this class 86.7 93.1

Years of teaching experience 0–5 years 13.3 24.1
More than 5 years 86.7 75.9

Years of experience teaching
upper primary school pupils

0–5 years 33.3 48.3
More than 5 years 66.7 51.7

*The percentages of the group characteristics are provided
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developed together with a scientific expert on the topic of perception and action, and the social
SMK questions were based on our previous studies (Van Uum et al. 2016, 2017). The open
questions of these tests were analysed by assigning numeric values to each response (see
Table 5). To determine whether the results of these tests corresponded with the teachers’ own
views, participants of the experimental group were asked to respond to Likert items about their
perceived changes in SMK combined with an open question to explain their answers.

Teachers’ attitude was measured via Likert items of the Dimensions of Attitude Towards
Science instrument (Van Aalderen-Smeets and Walma van der Molen 2013). Taking into
account the available time to measure participants’ PCK in addition to their SMK of the four
domains of scientific knowledge and their attitude, we excluded interviews or observations as
measurement instruments. Since it proved to be difficult to construct a multiple-choice test to
measure PCK (Rohaan et al. 2009), we chose to measure participants’ perceptions of their
ability to teach inquiry-based learning via Likert items. Teachers of the experimental group
were asked which elements of the TPD contributed to their SMK, PCK, and attitude via Likert
items and open questions. In addition, they were asked open questions about their intention to
sustain IBSE in their own classrooms.

Conceptual SMK We constructed a test of eight open questions based on the Science
Education Hub Radboud University’s lesson module Bperception and action^ (Peeters et al.
2014) together with a scientific expert on the topic of perception and action. The first question
in the questionnaire focused on the working of the brain. Subsequently, different activities
about perception and action were described, such as throwing an object to a target with or
without looking through a small periscope. Participants were asked to apply their knowledge
of the relations between perception and action by answering questions about these activities,
e.g. BWhy do people make more mistakes when they look through a periscope when throwing
an object to a target than without the periscope?^

Epistemic SMK We have chosen the Student Understanding of Science and Scientific Inquiry
(SUSSI) to measure epistemic SMK (Liang et al. 2008). The SUSSI is based on a theoretical
framework about the nature of scientific knowledge and its development, and existing
instruments to measure NOS. We selected subscales of the SUSSI that were consistent with
literature regarding epistemic knowledge of primary school pupils (Khishfe and Abd-El-
Khalick 2002). The subscale Bobservations and inferences^ referred to understanding that
prior knowledge influences the way scientists observe and interpret phenomena within their
investigations. The Btentativeness^ of scientific knowledge indicated understanding that sci-
entific theories can be changed, for example when new evidence arises. Finally, the subscale
Bcreativity and imagination^ referred to knowledge of the importance of creativity when
collecting, analysing, and interpreting data. For each item within a subscale, participants
decided how much they agreed or disagreed with the statement. In an open question after
each subscale, they explained their answers. Based on their answers to various statements that
matched naïve versus informed views of NOS and scientific inquiry, we could determine
teachers’ epistemic SMK.

Social SMK The social knowledge was divided into (1) knowledge about collaboration and
communication when designing and conducting an investigation with others, such as a group
of pupils, and (2) knowledge about composing a research presentation and presenting the
research to an audience, such as classmates or parents.
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Knowledge about collaboration and communication within a research group was tested
with the question: BWhich concepts correspond with effective communication during the
collaboration within a (research) group? Write down as many concepts as possible^. The
word Bresearch^ was added to the question to clarify that participants answered the question
within the context of inquiry-based learning. Teachers’ answers were analysed by comparing
them with categories of a framework on academic discussion in primary schools developed by
Elizabeth et al. (2012). These categories are cooperation and collaboration, reason and logic,
information and evidence, and perspectives and voice. The cooperation and collaboration
category included asking questions and sharing information. In addition, we incorporated the
elements of individual accountability and positive interdependence of Johnson and Johnson
(2009) within this category. For example, each group member is made responsible for a
component of the task, and roles, such as chairman and minutes secretary are divided. The
reason and logic category of Elizabeth et al. consisted of formulating arguments and consid-
ering arguments of group members. In the category of information and evidence, knowledge
and information were used to provide evidence for claims. Finally, the perspectives and voice
category referred to being able to understand and respect each other’s perspectives.

Knowledge about composing a research presentation and presenting the investigation was
tested with the question BWhat should a researcher take into account when developing and
giving a presentation about his or her investigation?^ To select components for research
presentations in primary schools, we used the phases of the inquiry cycle of Van Graft and
Kemmers (2007), such as designing and conducting an investigation, combined with the
general structure of research articles which are as follows: introduction, methods, results,
discussion (conclusions) (Alexandrov and Hennerici 2013). Each component that was de-
scribed by participants was scored. For example, citations, such as Bmentioning the research
question^ and Bexplaining the different steps that were taken to conduct the investigation^
matched our framework of analyses. In contrast, general communication skills, such as Beye
contact^ and Bnon-verbal communication^ were excluded from the analyses of the answers to
the current and previous question, because we focused on communication skills related to
inquiry-based learning. In addition, concepts that could refer to more than one category,
because a clear explanation was not provided, were excluded from the analyses.

Procedural SMK The knowledge of teachers regarding inquiry procedures was measured by
the Diet Cola test of Fowler (1990). In the Diet Cola test, participants were asked how they
would answer a research question by describing an investigation. Before the start of our TPD
programme, participants were asked the question BAre bees attracted to Diet Cola? In other
words: do bees like Diet Cola?^ After the TPD programme, participants addressed the question
BAre earthworms attracted to light? In other words: do earthworms like light?^ (Adams and
Callahan 1995). Participants were asked to describe the steps to take in order to answer the
questions. Fowler’s scoring sheet was used to categorise their answers. This sheet includes, for
example the items Bpredicts outcome or hypothesizes^, Bplans to measure^, Bplans data
collection^, and Bstates plan for making a conclusion^.

Attitude We used the Dimensions of Attitude Towards Science (DAS) instrument to measure
teachers’ attitude towards teaching science (Van Aalderen-Smeets and Walma van der Molen
2013). As the components Bdifficulty^ and Bgender beliefs^ did not predict science teaching
and were unrelated to other components according to Van Aalderen-Smeets and Walma van
der Molen, we excluded these subscales from our test. The subscale Brelevance^ within the
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dimension Bcognition^ measured teachers’ beliefs about the importance of science education
in primary schools, e.g. BI think that science education is essential for primary school
children’s development^. Within the Baffect^ dimension, the enjoyment and anxiety towards
teaching science were measured. As Van Aalderen-Smeets and Walma van der Molen ex-
plained, a teacher can both enjoy and be a bit anxious towards teaching science, e.g. BTeaching
science makes me enthusiastic^ and BI feel nervous while teaching science^. The Bperceived
control^ domain consisted of the components Bself-efficacy^ and Bcontext dependency .̂ Self-
efficacy referred to a person’s beliefs in his or her own knowledge or ability to teach science,
e.g. BI have enough knowledge of the content of science to teach these subjects well in primary
school^. Context dependency included opinions about the need for lesson modules and
materials to be able to teach science, e.g. BFor me, the availability of a science teaching
method is decisive for whether or not I will teach science in class^.

PCK A questionnaire with 12 items was developed to measure teachers’ perception of their
ability to guide inquiry-based learning in their own classrooms by means of five-point Likert
scales. We differentiated between teaching goals, (mis)conceptions of pupils, and teaching
strategies (Rohaan et al. 2010). We combined these components with the four domains of
scientific knowledge (conceptual, procedural, epistemic, and social) that are part of the peda-
gogical framework developed in our previous study (Van Uum et al. 2016) and were used in
classroom practice in a second study (Van Uum et al. 2017). For example, the PCK of the
conceptual domain included the questions BI knowwhich content goals I can address for pupils
regarding the theme of perception and action^, BI know which difficulties pupils encounter
regarding this theme^, and BI know how I can guide pupils to better understand this theme^.

Perceived Changes Directly after the fifth course meeting, we asked the participants of the
experimental group by means of five-point Likert scales and open questions to write down to
what extent their conceptual, social, epistemic, and procedural SMK had changed by taking
part in the TPD programme. In a similar way, we measured participants’ opinions about the
contribution of elements of the TPD to improvements in their SMK, PCK, and attitude.

Intentions to Sustain IBSE in Classroom Practice After the TPD programme, participants of
the experimental group were asked three open questions in a questionnaire about their
intentions to (1) guide inquiry-based projects in their classroom more often, (2) motivate their
colleagues to implement inquiry-based learning, and (3) whether they had made specific
appointments with their colleagues to implement IBSE as a result of the TPD.

Inter-Rater Reliability of Open Questions

To measure the inter-rater reliability of the answers to open questions of the SMK question-
naires, a sample of 30 participants was selected (15 of the experimental group and 15 of the
control group). The distribution of the variables that were used to match participants between
the experimental and control group was taken into account and an equal distribution of
participants on these variables was achieved. In addition, another group of 10 participants
was selected whose answers were used to practise the scoring by two raters. The first rater had
developed and taught the TPD programme, and had composed scoring rubrics for the
measurement instruments that contained open questions within the questionnaire. The second
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rater was trained by the first rater to use the scoring rubrics. After scoring the answers of five to
ten participants to each question in the questionnaire, both raters discussed dissimilarities in
their scoring and adjusted the scoring rubrics. Subsequently, they individually scored the
answers of 30 participants. For each question, an inter-rater reliability was established. Cohen’s
Kappa’s were calculated (Landis and Koch 1977). For each domain, the mean of the Cohen’s
Kappa and its standard deviation were SMK conceptual domain, M = .79, SD = .10, SMK
epistemic domain, M = .75, SD = .10, SMK social domain, M = .84, SD = .05, and SMK
procedural domain, M = .75, SD = .10. Subsequently, the first rater scored the remaining
answers to open questions.

Quantitative Analyses

To determine whether the experimental and control group were comparable on each pretest of
attitude, PCK, and SMK, we conducted one-way independent ANOVAs. The scores on the
SMK, PCK, and attitude tests were translated into z-scores to conduct overall analyses. For each
pre- and posttest of the measurement instruments, a z-sum score was calculated. GLM repeated
measures MANOVA was used to analyse the z-sum scores of the experimental and control
group before and after the TPD programme. Furthermore, the sum scores of both groups were
compared by means of univariate repeated measures ANOVAs to calculate whether there were
interaction effects of time and group on each variable. Subsequently, paired t tests were used to
calculate the differences on the pretest and the posttest for each group separately.

Qualitative Analyses

Participants’ perceived changes in SMK were divided into the conceptual, epistemic, social,
and procedural domain of scientific knowledge. The different TPD elements that were
included in the analysis were as follows: understanding hard and soft scaffolds; implementing
the inquiry-based lesson module in participants’ own classroom; and the exchange of ideas,
lesson preparations, and classroom experiences with other participants. For each of the TPD
elements, it was determined how many participants perceived positive changes in SMK, PCK,
and attitude. Furthermore, the different intentions of participants to sustain IBSE in classroom
practice included guiding IBSE lesson modules more often; motivating colleagues to imple-
ment inquiry-based learning; and making appointments with their colleagues to implement
IBSE in their own classrooms. For each of these components, it was determined how many
participants intended to sustain IBSE in classroom practice.

Participants’ perceived changes in SMK, their explanations of contributing elements of the
TPD, and their intentions to continue to use IBSE in classroom practice were analysed for each
variable via open coding, labelling, and clustering labels into categories (Baarda et al. 2001)
and will be presented in the results section of the article.

Results

Comparability of Groups

In order to check whether the experimental and control group did not differ on the pretests of
SMK, PCK, and attitude, we analysed the results of 24 participants of the experimental group
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and the results of 26 participants of the control group, due to missing variables on the
questionnaires of 9 participants. By means of one-way independent ANOVAs, we established
that there were no significant differences between the experimental group and the control
group on the pretests of attitude, F(1) = 1.34, p = .253, ηp2 = .03, PCK, F(1) = .52, p = .475,
ηp2 = .01, conceptual SMK, F(1) = 2.88, p = .096, ηp2 = .06, epistemic SMK, F(1) = .21,
p = .652, ηp2 = .00, social SMK, F(1) = .78, p = .381, ηp2 = .02, and procedural SMK, F(1) =
1.33, p = .255, ηp2 = .03. These results indicate that the experimental and control group were
comparable on the knowledge components and their attitude towards IBSE before the exper-
imental group participated in the TPD programme.

Quantitative Results on SMK, PCK, and Attitude

We conducted a repeated measures MANOVAwith time (pretest versus posttest) as a within-
subjects factor, group (experimental versus control group) as a between subjects factor, and the
different knowledge and attitude tests as dependent variables (attitude, PCK, conceptual SMK,
epistemic SMK, social SMK, and procedural SMK). In Table 6, the means and standard
deviations of the different variables for each group are provided.

Wilks’ Lambda revealed an overall significant interaction effect of time and group, Ʌ = .40,
F(6, 43) = 10.73, p < 0.001, ηp2 = .60, which represented differences in acquired knowledge
and/or improved attitude between pretest and posttest for the experimental group and the
control group. Subsequent univariate repeated measures ANOVAs showed significant inter-
action effects of time and group on attitude, PCK, conceptual SMK, and social SMK (see
Table 6). These results clarify that the improvements in attitude, PCK, conceptual SMK, and
social SMK were different between the pretest and posttest for the experimental and control
group. The univariate repeated measures of the epistemic SMK and procedural SMK showed
no significant interaction effects of time and group (see Table 6).

Subsequently, the results on attitude, PCK, and the SMK variables were measured sepa-
rately for the experimental group and control group by means of paired t tests. The paired t
tests of the experimental group showed a significant increase between the pretest and posttest

Table 6 Descriptive statistics and repeated measures results of the experimental and control group on the
knowledge and attitude variables

Experimental group* Control group**

Pre Post Pre Post Interaction time and group

M SD M SD M SD M SD F p ηp2

Att*** 67.04 11.45 76.96 9.56 70.31 8.40 68.69 8.18 45.89 < .001 .49
PCK 29.38 8.79 52.04 7.68 31.08 7.93 32.19 10.80 52.32 < .001 .52
Con 7.83 1.63 11.04 2.66 6.85 2.38 6.58 2.89 26.34 < .001 .35
Epi 36.50 6.47 35.75 8.22 37.42 7.79 37.81 7.29 .478 .493 .01
Soc 2.79 2.13 5.25 2.83 2.31 1.74 2.50 2.28 9.16 .004 .16
Pro 9.00 4.20 9.42 5.78 7.58 4.50 5.58 3.63 2.58 .114 .05

*n = 24. There are five missing participants due to personal reasons and one participant did not complete the
whole questionnaire

**n = 26. There are three missing participants, because they did not complete the whole questionnaire

***Att attitude, PCK pedagogical content knowledge, Con conceptual SMK, Epi epistemic SMK, Soc social
SMK, Pro procedural SMK
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on attitude, t(23) = − 7.25, p < 0.001, PCK, t(23) = − 10.36, p < 0.001, conceptual SMK,
t(23) = − 6.37, p < 0.001, and social SMK, t(23) = − 3.62, p = 0.001. However, the paired t
tests of the epistemic SMK, t(23) = .51, p = .614, and the procedural SMK, t(23) = − .34,
p = .735, showed no significant difference between the pretest and posttest. As expected, the
paired t tests of the control group showed no differences between the pretest and posttest on
attitude, t(25) = 1.55, p = .133, PCK, t(25) = − .55, p = .587, conceptual SMK, t(25) = .59,
p = .560, social SMK, t(25) = − .54, p = .593, and epistemic SMK, t(25) = − .48, p = .637,
although the control group decreased in procedural SMK, t(25) = 2.20, p = .037.

Perceived Changes in SMK of the Experimental Group

The significant improvements of the experimental group from pretest to posttest on conceptual
SMK and social SMK were confirmed by participants’ own perceived improvements mea-
sured by five-point Likert items ranging from 1 (totally disagree) to 5 (totally agree) and open
questions. The mean scores of participants on the Likert items of these variables were 4.21
(SD = .78) and 3.78 (SD = .80), which indicated their perceived positive changes on conceptual
SMK and social SMK after taking part in the TPD programme. The perceived changes on the
epistemic and procedural SMK differed from the quantitative results described in the previous
paragraphs and will be explained hereafter.

The experimental group scored a mean of 3.91 (SD = 1.00) on the five-point Likert scale of
perceived gains in epistemic SMK by participating in the TPD programme, which implies a
sufficient perceived influence of the course on epistemic SMK. However, in their explanations,
participants did not relate to the importance of creativity during the inquiry process, the
tentativeness of scientific knowledge, or the difference between observations and inferences,
which were part of the epistemic SMK questionnaire. Instead, they mentioned general
improvements in their understanding of the generation of scientific knowledge, included
perception and action in their answers, referred to course materials in general or videos that
clarified epistemic knowledge, or focused on understanding the phases of inquiry.

The quantitative posttest on procedural SMK did not reveal a significant difference in
comparison with the pretest. However, participants scored a mean of 4.30 (SD = 1.02) on the
five-point Likert scale, which implies high perceived gains in procedural SMK. The perceived
procedural SMK of these participants focused primarily on positive changes in their knowl-
edge about formulating a research question, which was not part of the quantitative test on
procedural SMK.

Intentions to Sustain IBSE in Classroom Practice

Most participants (23 out of 24) intended to guide inquiry-based projects in their classrooms
more often: BYes, at least one project each school year^ and BYes, inquiry-based learning is
going to be included in our school plan 2015 – 2019^. These 23 participants also planned to or
had already motivated colleagues to guide inquiry-based projects in their own classrooms:
BYes, pupils have given a presentation of their investigation to the team members. The team
was enthusiastic about this^ and BYes, the team will be informed about this course and the
lessons in the classroom during the next seminar .̂ Of the 23 participants that were enthusiastic
about the implementation of inquiry-based learning in their own schools, 11 participants had
already made specific appointments about inquiry-based learning: BThere will be a study
group and project plan about discovery- and inquiry-based learning. A scientific attitude and
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inquiry-based learning will be topics for the upper primary school pupils in the following
school year .̂

Key Components of the TPD

To understand the elements of the programme that influenced the results, participants of the
experimental group were asked whether the following elements contributed to perceived
changes in their SMK, PCK, and attitude: understanding hard and soft scaffolds; implementing
the inquiry-based lesson module in participants’ own classroom; and the exchange of ideas,
lesson preparations, and classroom experiences with other participants.

The hard scaffolds contributed to perceived changes in SMK, PCK, and attitude with scores
on the five-point Likert scale ranging from 4.25 to 4.30. Apart from 2 participants who did not
answer the open question, all 22 participants gave positive comments about the hard scaffolds.
Participants commented BHip, hip, hooray for the question machine, the question wall, the
poster with inquiry phases!^ and BThe scaffolds have helped me to understand and transfer the
knowledge/pedagogy of inquiry-based learning. It makes it easier to teach, which makes it
more enjoyable^.

The soft scaffolds contributed less to changes in knowledge and attitude. Scores on the
five-point Likert items ranged from 3.42 to 3.52. Soft scaffolds were mostly discussed
during the fourth course meeting whereas hard scaffolds were addressed intensively
throughout the course. Three participants mentioned they already had knowledge about
soft scaffolds, and eight participants added that they were more aware of using soft
scaffolds after the TPD. They commented BThis [soft scaffolds] increased my awareness
about how I can help pupils when they have questions. It is nice to be aware of that again^
and BI increased my awareness to help pupils by asking them questions. No assumptions
and not providing answers, just asking questions^. Six participants perceived gains in their
ability to guide pupils whereas three participants mentioned that soft scaffolding was
difficult for them. The remaining four participants did not comment on soft scaffolds or
had not practised these in their classrooms.

The exchange of ideas, materials, and experiences with other participants was perceived to
contribute to teachers’ changes in knowledge and attitude with scores on the five-point Likert
scale ranging from 3.58 to 3.75. Nineteen participants were positive about the exchange of
ideas and experiences. Participants commented, for example BIt is nice to exchange experi-
ences and tips with other participants. Others also increased my enthusiasm^ and BIt is good
and informative to hear methods/experiences of others to gain new ideas^. However, four of
these participants mentioned that they did not use the online platform much and were mostly
enthusiastic about exchanging experiences during the course meetings of the TPD. Another
participant explained that classroom experiences themselves were more valuable than ex-
changing these with other participants. The remaining four participants did not give an opinion
about the exchange of ideas and experiences.

Finally, participants perceived the implementation of the classroom inquiry project to
increase their SMK, PCK, and attitude with scores on the five-point Likert scale ranging
from 3.96 to 4.18. Although three participants mentioned difficult parts of the classroom
inquiry project, 16 others provided positive comments about the implementation of
inquiry-based learning in their own classrooms. They commented, for example BApplying
the theory in practice helps to get acquainted with inquiry-based learning^ and
BImplementing [the inquiry-based lesson module] provides positive experiences when it
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is that well prepared as by participating in this course^. The five remaining participants did
not provide an answer to this open question.

Discussion

The TPD programme in the current study is based on a pedagogical framework of inquiry
phases and domains of scientific knowledge (Van Uum et al. 2016) combined with hard and
soft scaffolds (Van Uum et al. 2017). Our study shows that primary school teachers’ SMK,
PCK, and attitude towards IBSE can be improved by systematically addressing phases of
inquiry combined with domains of scientific knowledge and corresponding scaffolds. In each
course meeting of the TPD programme, participants retrieved and elaborated their knowledge
about the inquiry phases, domains of scientific knowledge, and hard and soft scaffolds. They
evaluated classroom videos of each phase of inquiry and discussed the teacher’s role in
supporting pupils during their inquiry process. In addition, they determined learning goals
for pupils and discussed pupils’ potential difficulties in each inquiry phase. An inquiry-based
lesson module based on the framework and scaffolds was prepared and planned. By applying
the pedagogical framework and scaffolds in their classrooms, the teachers were able to support
their pupils in each phase of inquiry.

Our study demonstrated the usefulness of scaffolds during open inquiry and is in line with
the results of Van der Valk and De Jong (2009). They found that tools to improve understand-
ing of open inquiry for teachers could also be used to support pupils’ understanding of the
inquiry process. In our study, the scaffolding tools developed to support pupils’ inquiries were
useful for their teachers as well to understand open inquiry and difficulties that pupils face
during the inquiry process.

Crucial Components of Professional Development

In correspondence with the study of Van Driel et al. (2012), we addressed six components of
effective TPD in our programme. We focused on improving the SMK, PCK, and attitude of the
participating teachers towards IBSE by implementing a pedagogical framework of inquiry
phases and domains of scientific knowledge combined with scaffolds. In addition to a
reasonable duration, sustainability, and school organisational conditions, such as availability
of time and resources, we addressed the components of active and collaborative learning, and
coherence within TPD. The latter components will be discussed hereafter. Throughout our
TPD programme, coherence was achieved by continuously addressing the inquiry phases
combined with the four domains of scientific knowledge and corresponding scaffolds.
Furthermore, teachers implemented our pedagogical framework and scaffolds by guiding
an inquiry-based lesson module in their own classrooms. In addition, active learning was
promoted by collaborative evaluation of classroom videos and reflection on hands-on
activities.

These features of our TPD are in line with the study of Clarke and Hollingsworth
(2002) who developed a model of professional growth in which different elements were
connected by enacting and reflecting on TPD. These elements comprised an external
stimulus, such as information and/or support, a focus on teachers’ knowledge and attitude,
professional experimentation in teachers’ own classrooms, and observing how pupils react
to the changes in classroom practice. Our study underlines the importance of these
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elements to be included in TPD with the aim of increasing teachers’ SMK, PCK, and
attitude towards inquiry-based learning.

Focus on the Pedagogical Framework and Scaffolds to Improve SMK, PCK
and Attitude

In the current study, the teachers of the experimental group improved their PCK, attitude,
and conceptual and social SMK about IBSE while the control group showed no significant
differences on these variables. The epistemic and procedural SMK of the experimental
group did not improve significantly compared to the control group. These results will be
clarified here.

PCK Participants improved their own knowledge about facilitating inquiry-based learning by
discussing hard and soft scaffolds and composing lesson plans during the TPD programme
meetings, and by implementing the scaffolds in their own classrooms. In this way, they were
enabled to make connections between their own acquired knowledge and the understanding of
their pupils of inquiry-based learning. This finding corresponds with the study of Brand and
Moore (2011) who found that teachers learned by designing and implementing inquiry-based
lessons, and by reflecting on and evaluating classroom experiences. In our study, discussing
how to implement hard and soft scaffolds in teachers’ own classrooms, and the evaluation of
the implemented scaffolds, contributed to their PCK. Therefore, we recommend teacher
trainers to address the implementation of hard and soft scaffolds in TPD programmes about
IBSE.

Conceptual SMK In our TPD programme, the conceptual SMK focused on the relations
between perception and action. The teachers made a mindmap, participated in hands-on
activities, and reflected on these by means of the hard scaffold Bcombining theory and
practice^. Finally, they differentiated between acquired knowledge and remaining questions
when formulating initial questions to attach to the hard scaffold Bquestion wall^. The impor-
tance of active hands-on learning corresponds with the study of Niemi and Nevgi (2014) who
showed that research studies and active learning, such as constructing, sharing, and reflecting
on knowledge, influenced pre-service teachers’ professional competences. Our study contrib-
utes to this finding by combining hands-on activities with scaffolds to stimulate teachers’
understanding of and reflection about the concepts of perception and action. We, therefore,
recommend including elements of active hands-on learning combined with scaffolds within
teacher professional development about IBSE.

Social SMK Participants in the current study improved their social SMK by discussing and
doing exercises related to hard scaffolds about collaboration and effective communication
within a research group and research presentations. In addition to scaffolds regarding
conceptual understanding and epistemic explanations of scientific findings (Sandoval
and Reiser 2004), and scaffolds to enhance conceptual understanding, procedural knowl-
edge, and reflective competence (Reid et al. 2003), the current study shows that social hard
scaffolds can improve understanding of the inquiry process. We recommend teacher
trainers to use the four domains of scientific knowledge in the current study (conceptual,
epistemic, social, and procedural) as a base for developing hard scaffolds to
professionalise primary school teachers in IBSE.
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Attitude During the TPD programme, participants discussed the importance of IBSE, expe-
rienced and appreciated scaffolds and activities that could be directly used in their own
classrooms, and reflected on improvements in their attitude towards IBSE. The importance
of explicit attention to primary school teachers’ attitude is confirmed by the study of Van
Aalderen-Smeets and Walma van der Molen (2015). They showed that activities, such as
formulating a research question combined with reflection on teachers’ attitude, contributed to a
positive attitude towards (teaching) science and stimulated teachers to increase the amount of
science in their classrooms. The TPD programme of Van Aalderen-Smeets and Walma van der
Molen involved about 53–58 h. The teachers in the experimental group of the current study
spent about 45–52.5 h on their professionalisation of IBSE included guiding an inquiry-based
lesson module in their own classrooms. Since we were able to improve teachers’ PCK and
SMK in addition to their attitude, we recommend teacher trainers to formulate goals to
improve teachers’ SMK, PCK, and attitude, and to design professionalisation activities that
contribute to several of these goals simultaneously.

Epistemic SMK The importance of creativity during the inquiry process, the tentativeness of
research results, and the difference between observations and inferences were addressed in the
TPD programme by evaluating a video and doing exercises that were part of hard scaffolds on
these topics. However, the amount of time spent on promoting knowledge about these NOS
aspects was limited. Since an implicit approach to teaching NOS aspects is less effective
(Khishfe and Abd-El-Khalick 2002; Murphy et al. 2007a), we should have explicated these
NOS aspects throughout the TPD programme. This is a limitation of our study. In addition,
Akerson and Hanuscin (2007), who studied teachers’ NOS understandings and their ability to
teach NOS, emphasised that improving knowledge about NOS takes time. Therefore, we
recommend including several scaffolds and activities in TPD about IBSE focused explicitly on
developing knowledge on NOS aspects and to provide follow-up workshops in which changes
in NOS views can be supported.

Procedural SMK During the TPD programme, the procedural SMK of participants was
addressed in exercises related to hard scaffolds. For example, participants formulated research
questions supported by the hard scaffold Bquestion machine^. For each component of proce-
dural knowledge, separate exercises were provided. Although participants filled in part of a
research plan, they did not design their own investigation as is measured by the Diet Cola test
(Fowler 1990). Consequently, their procedural SMK score did not improve between pre- and
posttest. This could be considered a limitation of our study. To promote participants’ proce-
dural SMK, we recommend including designing (and conducting) a small investigation by
participants as part of IBSE professionalisation to apply the knowledge they acquired by
means of the hard scaffolds. This recommendation is supported by Capps and Crawford (2013)
who centralised scientific investigations conducted by participants in a TPD programme about
inquiry-based learning. Although Capps and Crawford did not test participants’ procedural
SMK, participants had increased their views of inquiry after the professionalisation.

Limitations and Recommendations

In addition to the limitations in our TPD programme regarding the attention to epistemic and
procedural SMK mentioned in the previous paragraphs, we relied on self-report data when
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measuring the PCK of the experimental and control group, and the perceived changes of the
experimental group. We asked participants about their perceived changes to gain insight into their
own opinions about these changes. To measure teachers’ PCK, there was limited amount of time
available, because we also wanted to measure their SMK of the four domains of scientific
knowledge and their attitude. Therefore, we excluded, for example interviews or observations
as measurement instruments. As it is difficult to construct a test to measure teachers’ PCK with
multiple-choice items (Rohaan et al. 2009), we chose self-report data to measure teachers’ PCK.
Although it is possible that the participants provided answers that they considered socially
acceptable instead of their own opinions, we are confident that this data reflects the PCK of
participants when we take into account their comments during TPD course meetings and their
reflections after each inquiry-based lesson they guided in their own classrooms.

In the current study, we investigated the impact of a TPD programme about inquiry-based
learning on the knowledge and attitude of primary school teachers. A recommendation for
future research is to investigate whether teachers actually change their teaching practice and
are able to support inquiry-based learning after their participation in a TPD programme. In
addition, we recommend measuring changes in pupils’ knowledge and skills before and after
their teachers implement elements of an inquiry-based TPD programme in their classrooms to
determine whether TPD has an effect on pupils’ achievements. In the current study, we
included in-service primary school teachers. For future research, we recommend including
pre-service teachers as well, to establish whether both pre-service and in-service teachers can
be professionalised equally.

The pedagogical framework of inquiry phases combined with domains of scientific knowl-
edge and corresponding scaffolds that we used to professionalise primary school teachers,
improved their SMK, PCK, and attitude towards IBSE. Discussing and implementing scaffolds,
facilitating activities in which teachers could construct their own knowledge, and coherence
between the TPD programme and classroom practice enabled teachers to apply their acquired
knowledge and enjoy guiding an inquiry-based lesson module in their own classrooms.
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