THE IMPACT OF PROFESSIONAL
DEVELOPMENT IN INQUIRY-
BASED METHODS ON SCIENCE
TEACHERS’ CLASSROOM
PRACTICE

Pawel Bernard,
Karol Dudek-Roézycki

Introduction

Fundamentals of education system reform and a shift towards active,
inquiry-based methods in the US can be found in the“A Nation at Risk”report
(Gardner et al., 1983). This document called for revisions of the United States
educational system, focusing primarily on teaching science and mathematics
(Johnson, 2007). As a result, a new science curriculum was introduced by the
National Research Council (1996), and an inquiry was established as an essen-
tial strategy for teaching the sciences; it was also argued that students should
learn to focus on authentic questions generated from their experience. In Eu-
rope, a shift towards inquiry-based methods was announced almost 10 years
later. The basis for the change was constituted by the European Union policy
(EU, 2006) promoting the development of a knowledge society, to which
the scientific education was expected to make a significant contribution.
Moreover, the Rocard’s report (Rocard, Csermely, Jorde, Walberg-Henriksson,
& Hemmo, 2007) strongly advocated inquiry-based methods and suggested
that the use of inquiry in science education can increase students’interest in
the sciences and boost the number of graduates in the sciences, technical
and mathematical studies. As a result, “Supporting and coordinating actions
on innovation in the classroom: Dissemination and use of inquiry-based
teaching methods on a large scale in Europe” was one of the key elements
in the “Science in Society” area in the European Union’s Seventh Framework
Programme (FP7). Projects in this area were in progress from 2008 to 2017.
Two major groups of the projects can be distinguished: | — those focused
on a general introduction of Inquiry-Based Science Education (IBSE) and de-
velopment of teaching materials (i.e., S-TEAM, Fibonacci Pathway, INQUIRE,
SECURE, PROFILES, Primas); and Il — those introducing inquiry in relation
to specific conditions (for example, the ESTABLISH project) — IBSE, and
building links with industry, SAILS, AssistMe (focusing on the assessment of
students learning through inquiry) or IRRESISTIBLE — incorporating the idea
of Responsible Research and Innovation into inquiry-based student activities
(SCIENTIX, 2013). However, the implementation of the IBSE in Europe had a
different character than in the US. A curriculum unambiguously defining the
inquiry as a method that should be prominent in teaching the sciences has
been adopted in the US, while in the EU, every country has its own curriculum,
and inquiry plays a different role in each (McLoughlin, Finlayson, Van Kampen,
&McCabe, 2013). Additionally, every country has its own history and tradition
of education. As a result, at the beginning of realisation of the FP7 projects,
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Abstract. Inquiry-based methods have
become very popular in science education
all over the world. In Europe, they were
strongly advocated in years 2007-2013
within the 7th EU Framework Programme
projects, and in that time, in many coun-
tries teacher educational programmes
(TEP) in inquiry were developed and
implemented. However, there has been
limited information on how effective those
trainings are, and how teachers bring
theory into practice. Therefore, the aim of
this research was to determine the impact
of training in inquiry-based methods on
the teachers’ professional practices. The
training consisted of two stages: | - one-
week-long core training, and Il - one-year-
long extended support. Ninety-two science
teachers participated in the research. It had
a quantitative character and was based on
a self-evaluation sheet that was completed
three times: before the training, a month
after the training, and a year after the train-
ing. The research results revealed current
Polish science teachers’ practices related to
facilitating learning by inquiry and identi-
fied the inquiry’s features that were im-
mediately adopted by teachers, those that
were adopted after a longer period, and
finally, those that were not implemented
at all. These results can be especially useful
to educators who design and run TEPs in
inquiry-based teaching and learning.
Keywords: inquiry-based learning, in-
service teachers, professional development,
science education.
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countries in which the IBSE was used for many years where educators and teachers knew and used this method, as
well as countries in which this methodology was completely new may be found in Europe. While participating in the
realisation of the aforementioned projects, the partners had to mutually determine how they understood inquiry,
what its characteristic features were, and which inquiry elements they wanted to develop/promote. Many of those
projects used the definition of IBSE proposed by Linn, Davis and Bell (2004), who stated that inquiry is the: :..inten-
tional process of diagnosing problems, critiquing experiments, and distinguishing alternatives, planning investigations,
researching conjectures, searching for information, constructing models, debating with peers, and forming coherent
arguments. (p.4). This definition is in line with the National Research Council (1996) guides, where students engaged
in inquiry *..describe objects and events, ask questions, construct explanations, test those explanations against current
scientific knowledge, and communicate their ideas to others. (p. 2). Apart from the definition, invaluable contributions
from Bybee (2000; 2002) should be noted, where among others, three descriptions of inquiry for teachers were
provided and the 5E inquiry cycle was described. Those elements were used in almost all of the 7FP EU projects.
Observing the history of the global IBSE implementation, one might think that both the process itself and its
effects have been thoroughly studied already. However, despite the fact that education experts have extensively
described their experience connected with teachers’ training on the application of inquiry and have published the
results of completed case studies, the extent to which training in the IBSE influences teachers’practices and students’
achievement is still unclear (Capps, Crawford, & Constas, 2012; Ermeling, 2010). In this research, an attempt was
made to examine the effect of the teacher training in the IBSE on their professional practices. The training encom-
passed by the research was carried out within the framework of the SAILS FP7 project. This project was realised in
12 European countries from 2012 to 2015, and during its realisation, more than 2500 of pre-service and in-service
teachers participated in the trainings (Jonsson et al., 2015). The aim of the project was to prepare the teachers to
teach through inquiry as well as have the confidence and competence in the assessment of their students’learning.
The described research was carried out among in-service teachers participating in the project in Poland. In the
Polish curriculum, the inquiry-based methods are not listed among the required/recommended teaching methods
unambiguously, however, advised teacher/student actions and skills to be developed are in line with the compe-
tencies that are taught with IBSE (Polish Core Curriculum, 2008). The designed and implemented teacher educa-
tion programme (TEP) was based on the framework developed within the SAILS project. The research carried out
among the participants of the training was meant to answer a general question: “What is the effect of the training
on the actual teachers’school practices?”The authors of the TEP and training instructors had experience in training
teachers in inquiry, which was acquired during the realisation of the previous FP7 project — ESTABLISH. Since the
effectiveness of the training can be influenced by teachers’ beliefs and attitudes towards the trained method (Arce,
Bodner, & Hutchinson, 2014; Luft, 2001; Windschitl, 2004), basic studies in this area were carried out among Polish
teachers earlier (Bernard, Maciejowska, Krzeczkowska, & Odrowaz, 2015; Bernard, Maciejowska, Odrowaz, Dudek,
& Geoghegan, 2012), and they revealed a generally positive teachers’attitude towards the inquiry-based methods.

Teacher Training

Design of the teacher’s professional development programme is a major challenge. Many factors have to
be considered, and even subtle aspects can determine the success of the training and its impact on the teacher’s
classroom practice (Taitelbaum, Mamlok-Naaman, Carmeli, & Hofstein, 2008). Inspiration while designing presented
below programme was Kegan's model of development (Kegan, 1994), which states that when a person changes, he
doesn'tjust change’...what he knows, but the way he knows... (p. 17); moreover, working with adult learnerswe are ..
not merely asking them to take on new skills... [but] ‘asking them to change the whole way they understand themselves,
their world, and the relationship between the two. (p. 275). Attempting to reach this goal, the ways teachers learn may
be more similar to the way students learn than it was previously recognised (Liberman & Miller, 1992). Loucks-Horsley,
Hewson, Love and Stiles (1998) claimed that science and mathematics teachers .. need to experience for themselves
the science and mathematics learning they will want their students to do. (p.13)". Furthermore, Harrison, Howard and
Matthews (2016) suggested that teachers need to experience any reform of student’s teaching as learners themselves
because durable changes in pedagogy only occur when the teachers understand what their learners experience in
their classroom. Darling-Hammond and McLaughlin (1995) claimed that the teachers learn by doing, reading and
reflecting (as students do); by collaborating with other teachers; by looking closely at students and their work; and by
sharing what they see.To understand the process deeply, teachers must learn about, see, and experience successful
learning-centred teaching. Thus, there is no doubt that the teachers’ professional development (PD) programme
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should actively engage participants and treat teachers as learners rather than as information gatherers. Research
has shown that such professional development programmes are effective in changing teachers’ knowledge and
practice (Brooks & Brooks, 1993; Bybee, 1993; Layman, Ochoa, & Heikkinen, 1996; Sparks & Hirsh, 1997). Several sets
of teachers’' PD programmes characteristics can be found in the literature, three of which are presented in Table 1.

Table 1
Selected sets of effective professional development programme characteristics

Effective professional development programme

According to Garet, Porter, Desimone,
Birman and Yoon (2001) summarised

According to Loucks-Horsley et al., (1998) sum-
marised by Shepardson and Harbor (2004):

According to Posnanski (2002):

by Capps et al., (2012):

 focuses on content knowledge;

e provides opportunities for active
learning;

e connects to or is coherent with other
activities;

¢ engages teachers in reform-based
PD;

¢ promotes collective participation of
teachers;

* provides an adequate amount of time.

provides a well-defined image of effective
classroom learning and teaching;

is based on experiences that provide teach-
ers with the opportunity to build knowledge
and skills;

is based on activities that model the strategies
teachers will use with students;

includes the establishment of a learning
community;

involves teachers in leadership roles;
links to other parts of the education system;

ensures a continuous assessment to make
improvements;

ensures a positive impact on the teacher’s

is a long-term programme;

includes a group of teamed teachers from individual
schools or school districts;

includes activities that model the theory or rationale
behind the design and implementation of curricula
and innovative teaching strategies;

includes local curricular resources embedded within
the programme activities;

uses a constructivist approach with participant
experimentation with instructional strategies and
curricula/activity design;

includes opportunities for reflection (self-reflection
and obtaining data on the effectiveness of activity
implementation in their classrooms as well from their
students) to promote the identification and modifica-

effectiveness, student's learning, leadership,

) tion of self-efficacy beliefs and teaching behaviours.
and the school community.

Apart from active learning and experiencing the new method, the element that appears to be crucial for the
teachers’PD is the opportunity to discuss the changes they might make in their practice and to understand what is
expected from them (Cordingley, Bell, Thomason, & Firth, 2005; Griffin, 1983; Harrison et al., 2016; Harrison, Hofstein,
Eylon, & Simon, 2008; Mule, 2006). In this context, a Learning Community becomes an important element. Garet
et al. (2001) argued that the fact that teachers were communicating about practice and collective participation
(e.g., teacher teams from the same school, grade, subject) influenced the degree to which teachers changed their
practice. Luft (2001) stated that professional development opportunities should contain follow-up experiences with
multiple opportunities for interaction. Additionally, Vescio, Ross and Adams (2008) indicated that the research on
the relationship between PD based on a Learning Community and student’s achievements clearly demonstrated a
strong positive connection.

While developing a PD programme in the IBSE, it should be considered that success in inquiry science teach-
ing requires that a teacher understand the nature of scientific inquiry and inquiry-based learning. There are three
aspects of inquiry that were identified by Anderson (2002): how science is done (scientific inquiry), how science is
taught (inquiry teaching), and how science is learned (inquiry learning). Therefore, the teachers must understand how
scientists develop concepts and gain knowledge, and how to model these processes with students (e.g., observe,
collect, and analyse data) so they could obtain own scientific understandings. Additionally, the teachers have to
be able to recognise multiple forms of inquiry and deconstruct inquiry into essential parts (Blanchard et al., 2009;
Wenning, 2005). Therefore, they must gain essential inquiry skills: formulate scientifically oriented questions and
hypotheses, plan and carry out investigations, record and process data, formulate explanations based on evidence,
evaluate their explanations, and communicate precisely and effectively (Chin & Osborne, 2008; Gyllenpalm, Wick-
man, & Holmgren, 2010; Jeanpierre, Oberhauser, & Freeman, 2005; National Research Council, 1996; Taitelbaum,
Mamlok-Naaman, Carmeli, & Hofstein, 2008). Teachers can gain these skills and experience scientific inquiry
through participation in authentic research. This approach had a positive impact not only on teachers’ abilities to
use inquiry-based teaching techniques but also on their content knowledge (Bazler, 1991; Caton, Brewer, & Brown,
2000; Loucks-Horsley et al., 1998; Luft, 2001 Westerlund, Garcia, Koke, Taylor, & Mason, 2002). Unfortunately, including
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teachers in real scientific research can be problematic (Abd-El-Khalick et al., 2004; Lustick, 2009). Capps et al. (2012)
analysed 22 PD programmes in the IBSE, and only five included elements of an authentic inquiry experience, and
in most cases, teachers participated only in small parts of ongoing research and were not able to investigate their
own inquiry questions. Therefore, instead of an authentic inquiry experience, a model-based inquiry can be used.
In this approach, the educators have to provide general tasks/problem areas that are interesting and challenging
for the teachers so they can engage in their own investigations and experience the entire inquiry process from the
perspective of the learners. Moreover, it is preferable that the problems used be adapted to the school curriculum
and used by the teachers in the classroom.

Teacher Education Programme

Within the aforementioned SAILS project, a general framework of the teacher education programme was
developed, but each partner was able to customise the form and the length of the training to his or her own needs
(Johnson, Lundstrém, Finlayson, McLaughlin, & McCabe, 2014). In every case, the training consisted of two stages:
| - core training and Il - extended support in the form of a Community of Practice (CoP) (Coakley, 2013). In Poland,
the core training included an intensive 5-day training, encompassing 33 hours of contact classes, and the extended
support included participation in the CoP for at least one year.

The Day-By-Day Core Training Programme

Day 1. The training started with an introductory lecture, discussing the fundamentals of constructivism and IBSE
methodology, as well as depicting the IBSE elements contained in the valid curriculum. Next, the self-evaluation tool
was presented to the teachers, enabling them to independently discuss the extent of their use of the IBSE (which
IBSE aspect they are using). Then, the teachers participated in workshops intended mainly to set forth the scientific
inquiry cycle. To this end, the teachers performed a simple hands-on investigation, in which they were to answer
the following general question: “Which infant diapers are the best?” After carrying out the exercise, the teachers
analysed the undertaken actions and independently developed the operational pathway for the scientific research.

Day 2.The day began with a workshop on research planning — aspects of proper formulations of inquiry questions,
hypotheses and research procedure plans. The next classes had a laboratory character and utilised a model-based
inquiry. The teachers were presented with general problems that they were to face, and the teachers independently
formulated the inquiry questions and hypotheses, as well as planning and carrying out their experiments. The
teachers worked in groups of 3-4 persons; they were grouped independently but were directed to create teams
that specialising in teaching of one school science subject on the selected education level. Therefore, the educators
selected the appropriate general issues for every group. These issues were chosen from a material package developed
within the framework of the project (Finlayson et al., 2015a, 2015b). During the laboratory classes, the teachers were
tasked with obtaining results that were processed by the groups during subsequent classes that had a workshop
character. The final product of each investigation was constituted by a laboratory report.

Day 3. The training began with another laboratory class, during which the teachers carried out investigations as
on the previous day but with more advanced issues with a set of measurement sensors. As on the previous day,
workshop classes, during which the teachers processed the results of measurements, took place after the laboratory
classes. The last item of the agenda of this day consisted of a workshop, during which the teachers practised adap-
tation of the investigations learned to the school conditions. Its aim was to learn about various forms of inquiry. To
this end, teachers had to prepare instructions for a specific exercise in various forms according to the classification
by Wenning (2005).

Day 4. The day was dedicated to the problems with the evaluation of students learning by inquiry. The training
began with a lecture on “Fundamentals of formative assessment’, presenting the theoretical foundations of this
assessment form and connecting its use with the IBSE and the valid curriculum. Then, during workshop classes, the
teachers developed assessment tools and strategies for exercises that they had carried out on previous days. They
used the developed tools for a peer evaluation based on the laboratory reports prepared earlier.

Day 5.This day was dedicated to microprojects, during which the teachers were tasked with planning inquiry-based
classes, which could be carried out in their schools. They were to choose the issue, prepare instructions according to
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the chosen IBSE type, and develop evaluation tools and strategies. In the end, the teachers presented their projects
to each other and discussed their pros and cons. In the end, each of the teachers was tasked with writing a letter to
themselves with plans for the introduction of the IBSE in their schools. The teachers put these letters in envelopes,
which were closed, addressed and given to the educators. After approximately six months (after the summer break),
the letters were sent back to them, which was to remind them of the goals they chose.

In summary, during the core training, the teachers participated in 4 hours of lectures, 12 hours of laboratory classes,
and 17 hours of workshops.

Summary of Extended Support

Stage Il of the training covered extended support that was realised by participation in the Community of Prac-
tice. The community gathered educators and teachers from various training groups on the dedicated social media
platform. On the platform, didactic materials from the core training were shared. The educators initiated and moder-
ated discussions, encouraged teachers to run inquiry-based activates, and published new didactic materials, which
could be pilot-implemented by the teachers, etc. The teachers had the opportunity to communicate with each other
and with the educators, ask questions, and work together on lesson plans and instructions. After a year, the teachers
were invited to participate in a national conference, where they had an opportunity to present their experiences and
develop the didactic materials and results of case studies conducted during the pilotimplementations of the didactic
materials, tools, teaching and assessment strategies. Those with the best presentations were invited to participate in
an international conference of teachers participating in the project (Melia, McLaughlin, McCabe, & Finlayson, 2015).

Research Methodology
General Background

The training in IBSE for in-service Polish science teachers within the framework of the SAILS project was carried
outin 2013,2014, and 2015.The first group (2013) pioneered the realisation of the developed training programme,
and after the training was completed, adjustments to the programme and the materials used were introduced.
Therefore, the 2013 group was excluded from the research. In the following years, the programme was not changed
further. The training was voluntary and free of charge, the teachers had full participation costs paid, together with
accommodation and board. Teachers applied for the training independently, and acceptance was on a first-come,
first-served basis. Before the registration date, information about the recruitment, dates and participation terms
were publicly available for a month.

Participants

Participation in the training did not automatically translate to participation in the research; the participation was
voluntary and anonymous. Every participant was aware of the data to be collected, the goal of their collection, and
the mode of their processing, according to the Jagiellonian University ethical standards. The participants were able to
renounce their participation in the research at any stage. Teachers who started the training in the two following years
participated in the research: 2014 (N =60) and 2015 (N = 46), total N = 106. The group comprised 93 females and 13
males, including 33 chemistry teachers, 39 biology teachers, and 34 physics teachers (in cases where the teachers
were certified to teach two or more subjects, they declared one main subject, most often in accordance with their
master’s degree). Only the data obtained from the teachers who participated in all stages of the research and returned
all completed forms were used in the analysis. Therefore, the final research group included 92 persons, 57 in 2014 and
35in 2015; subgroups according to the taught subject: biology — 31; chemistry — 35; and physics — 26. The gender of
the responders who had their filled forms analysed is not known because of the anonymous character of the research.

Instrument and Procedures

The research was based on the Self-Reflection Tool for Teachers developed within the framework of the
Fibonacci FP7 Project (Harlen, 2012). It contains a list of 38 indicators divided into 7 categories to judge the imple-
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mentation of inquiry-based teaching through a self-analysis of classroom practices. The categories were grouped
in three sections:

Section A: The Teacher’s Role

(1) Building on the students’ideas (3 questions)
(2) Supporting the students’ own investigations (7 questions)

Section B: Students’ Activities

(3) Guiding analysis and conclusions (7 questions)
(4) Carrying out investigations (9 questions)
(5) Working with others (5 questions)

Section C: Student’s records

(6) Students documenting their own work (1 question)
(7) Aspects of student’s written records (6 questions)

The indicators, or criteria, are expressed as questions that teachers can ask themselves concerning a sequence
of science activities that were intended to enable students to learn through inquiry. Every indicator is accompa-
nied by examples of good practices intended as an aid for the teacher, facilitating proper understanding of the
question. Further columns contain answers (a choice of YES, NO, NA) and empty cells for recording notes when a
teacher needed to supplement the answer with an additional comment. Every positive (affirmative) answer meant
that the responder proceeded according to the guidelines contained in the work cycle in the IBSE methodology, so
the higher the number of positive answers was, the closer the methods used by them for the IBSE were. It should
be noted here that in the original approach, the questionnaire used was for a teacher’s self-evaluation for specific
classes. In the case of this research, the self-evaluation pertained to the teacher’s practice in general. The change
significantly affected the interpretation of one of the available answers — NA. In the original approach, this option
should be selected by a teacher when the situation is improper in the context of the classes, e.g., the indicators in
the D category — “Carrying out investigations” pertain to carrying out experiments/observation, but only formula-
tion of inquiry questions and hypotheses, and preparation of the research plan are scheduled during the classes.
In the general approach, in which the aforementioned questionnaire was used in the research described, the “NA”
option should be selected only when a given situation does not occur during the classes, e.g., because of logistical
limitations. The teachers were also asked to comment briefly on the selection of this option in the “Notes” column.
One should remember that the teachers participating in the research worked at various education levels, so general
statements have been included in the questions requiring proper interpretation by the teachers. For instance, the
term “prediction” has been used in the indicators, but the teachers working at the upper secondary school level
should equate this term with the hypothesis. To facilitate understanding and interpretation of the questionnaire by
the participants, it was thoroughly discussed by the educators before commencing the research, and the responders
had instructions describing the form and goal of the questionnaire available in detail. This instruction manual was
also available to the responders in the subsequent stages of the research whenever the questionnaire was completed.

The research was divided into three stages; at every stage, the teachers completed the same questionnaire
sheet: stage | - directly before the training, stage Il - shortly after the core training (after 3-4 weeks), and stage Ill -
approximately one year after the core training. The questionnaire was completed anonymously; however, to ensure
the possibility of comparing the answers given by the teachers in the subsequent research stages, the teachers signed
the form with a pseudonym. Thus, the persons coding and analysing the results had no access to the personal data
of the responders. Because of the distant date of stage Il of the research (approx. 1 year after the stage I), at stage
I, the teachers recorded their pseudonyms on sheets of paper that were then placed by them in closed envelopes.
The teachers were provided with these envelopes together with the stage Il questionnaire, enabling those who did
not remember their pseudonyms to check their selections.

Data Analysis
The completed questionnaires were coded in a spreadsheet. The following coding system was used: YES - 1,
NA -0, and NO —-1.Then, the numbers of YES answers were counted for every survey participant for the whole test,

for each category of questions, and for every question individually, and they were recalculated as percentages. The
procedure at the subsequent research stages was analogical.
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The first step of the analysis consisted of checking the equivalence of the groups (2014 and 2015) participating
in the research. To this end, a series of comparative analyses of variances (ANOVA) (Howell, 2002) were carried out
for the two groups, both for the average results of all research stages together and for every stage separately. The
ANOVA necessary conditions of application (King, Rosopa, & Minium, 2011) were examined using a Shapiro-Wilk
test (Shapiro & Wilk, 1965) for a normal distribution condition, and a Levene test (Levene, 1960) for homogeneity of
variances condition. In cases when the normal distribution condition was not met, an analysis with a nonparametric
test was carried out in addition using the U test (Mann & Whitney, 1947).

Further analyses aimed to check whether the professional practices of the teachers before and after the training
differ and whether the effect is maintained over time (1 year after the training) based on the variance analysis for
the repeated measurements. Before this analysis, the variance sphericity assumption was checked with Mauchly’s
test (Mauchly, 1940). In cases when the sphericity condition was not met, the results were verified using the lower
epsilon correction (). The ANOVA analyses for the repeated measurements were carried out for the whole ques-
tionnaire, for each of the 7 question categories, and for every question separately. Additionally, post hoc tests were
carried out using the HSD Tukey’s test. The significance level was defined as a = .05 for this research. The statistical
analysis was performed using the ‘Statistica’ software package, version 13.

Research Results
The average results of the survey achieved by the groups participating in the research are presented in Table 2.

Table 2
Average results for the whole questionnaire at subsequent survey stages, divided into groups

Cl
Average
Group Stage score [%] SD

-.95 .95
Al 747 1.9 70.9 78.4
I 67.1 24 62.4 71.8

2014
Il 76.6 27 713 82.0
Il 80.2 22 75.9 84.5
2015 Al 785 24 73.7 83.3
I 720 3.0 66.0 78.0
Il 80.1 34 733 86.9
I 83.3 2.7 77.9 88.8

The differences between the results achieved by the training participants in two comparable groups were ana-
lysed. The comparative test results and conditions for use of the applied statistical methods are presented in Table 3.

Table 3
Comparison of results achieved by the 2014 and 2015 groups by statistical tests

p
Test
All stages Stage | Stage Il Stage lll
Shapiro-Wilk .00552 .07876 <.00001 .00002
Levene .93583 24321 94207 .36845
ANOVA .21869 .20533 43026 37316
Mann-Whitney 21240 .26128 .26581 37047
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The results of the Levene test indicated that the conditions of the variation homogeneity of the analysed
results were met in all cases. However, the results of the Shapiro-Wilk test indicated that the distribution of the
results was not consistent with the normal distribution. Hence, an additional comparison using a nonparametric
test (Mann-Whitney test) was carried out apart from the ANOVA analysis. The results obtained by both methods
were convergent.

Comparing the results of the 2014 and 2015 groups, both completed, and those from the individual research
stages, a shift of the average results achieved by the 2015 group towards higher values was observed. However,
with reference to the assumed significance level of a =.05, the statistical tests carried out indicated that the differ-
ences were statistically not significant. Hence, further analyses were carried out for all survey participants altogether
without dividing them into groups.

Another analysis aimed to check whether the average survey results differ among the subsequent research
stages. A comparison of the average results carried out using the variation analysis with repeated measurements
for the whole questionnaire is shown in Table 4 (‘All questions; first row). The results of the Mauchly’s test and the
post hoc tests (Tukey’s HSD) are also presented in Table 4. The obtained results indicated meeting of the variation
sphericity condition and that the observed increase in the values of the average results in subsequent survey
stages was statistically significant. The post hoc test results showed that the difference between stages | and Il of
the research was statistically significant and the further increase in the results average between stages Il and llI
was not statistically significant.

Figure 1
The average result for the whole questionnaire at subsequent survey stages, with the 95% confidence interval marked
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Research stage

Apart from the analysis of the results for the whole questionnaire, the analogous results for each of the cat-
egories separately are shown in Table 4 (a group of questions 1-7). It should be noted that the sphericity condition
was not met in categories 6 and 7. Hence, the ANOVA results were verified using the epsilon lower correction, and
the result of this test is reported in parentheses under the ANOVA result.
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Table 4

TEACHERS’

CLASSROO

THE IMPACT OF PROFESSIONAL DEVELOPMENT IN INQUIRY-BASED METHODS ON SCIENCE

M PRACTICE
(P. 201-219)

The results for the whole questionnaire and for the individual survey areas at the subsequent survey stages, and statistical

comparison of the results together with the post hoc tests

o o _ Cl p
o ¢ ] g =
é‘% 5 gg 2 2. aow Tk Tuk
5 % e -95% 5% §§ (€) \llls.ely vus.?
=
| 6899 187 6528 7271
Al questions I 7795 210 7377 8212 2034 <0001 <0001
Il 8138 169 7803 8473 <0001 1999
| 8804 203 8400 9208
- E‘g;dsing on the students' I 9420 197 9029 981 1074 0110 0286
Il 9457 157 9145  97.68 0187 9876
| 6988 246 6498 7477
2 Sxﬁﬁg\fg‘s%;g‘;:;‘;de”‘s I 8075 239 7599 8550 5168 <0001 0002
Il 8292 194 7906 8677 <0001 7006
| 6646 272 6106 7186
3 gﬂis‘?(i)’:]gsa”a'ygs andeom- 7950 240 7473 8427 1689 <0001 <0001
Il 8463 185 8095 8830 <0001 1543
| 6316 256 5808 6825
4. Carrying out investigations I 70.77 2.90 65.02 76.53 .9954 <.0001 .0382
Il 7935 231 7475 8394 <0001 0160
| 6804 287 6235 7374
5. Working with others I 76.09 2.80 70.52 81.66 0775 .0047 .0160
W 7674 282 7144 8234 0080 9728
| 8478 377 7730 9226
6. Studentsdocumentingtheir \  g5a7 365 7862 9312 0001 1963 9571
own work
Il 9130 295 8544  97.47 (2032) 2083 3358
7. Aspects of student’s written ' 68.30 315 62.05 74.54
records I 7572 330 6916 8229 <0001 0477 0524
Il 7446 340 6831 8061 (.0819) 43089168

The obtained results indicated statistically significant differences for areas 1-5 (marked with bold). For area 6,
the change in the average results was statistically not significant, which was indicated by the ANOVA results and
the result of the test using the epsilon correction. The results for the last category in the ANOVA test indicated a
statistically significant change, but the fact that the sphericity condition was not met and the result of the test using
the correction showed that the results were falsely positive and that the corrected results should be considered
firm, which indicated a lack of statistically significant differences. Analysing the post hoc tests results, one may
see that in all cases for which a statistically significant difference between the results was found, the change was
connected to the differences between stages | and Il and stages | and Il of the research. Only in the case of area 4
a statistically significant difference between stages Il and lll was observed.

The next step consisted of a significance analysis of the change in the average result at subsequent research
stages for every question separately. The goal of this analysis was to indicate specific actions leading to a change
in the classroom practice of the teachers. A procedure analogous to the analysis of question groups was applied.
The results are collected in Table 5.
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The results for every question separately at the subsequent survey stages, and statistical comparison of the results together
with the post hoc tests (*Ps means students/pupils)

° cl p
(=]
£ Average
Question > score SD 2 ANOVA  Tuk Tuk
2 % LR 0 =% ukey ukey
s M We %% 9E Ty ve.l sl
=

| 9022 311 8403  96.40

1a. Did you ask questions to reveal and I 9348 250 8834 9862 0844 1051 5340

show interest in Ps ideas?
Il 9674 186 9304  100.44 0827 5340
| 9022 311 8403  96.40

Sy PrloCEOSIOTS y eses 214 o141 s oz 2308 291
i 9565 214 9141  99.90 (2272) 2961 1.0000
| 8370 387 7600  91.39

fc. Did you give Ps positive feedbackon 9348 250 8834 9862 0009 0535 0527

how to review or take their ideas further?
Il 9130 295 8544 9717 (.0879) 1673 8634
| 5078 514 4957  69.99

ﬁ;gd you encourage Ps to ask ques- I 7935 424 7092 8778 0781 0015 0018
i 7600 447 6720 8497 0120 8356
| 5543 521 4509 6578

2b. Didyou help them formulate produc- 509 447 e700 8497 4095 0005 0017

tive (investigable) questions?
Il 7600 447 6720 8497 0017 1.0000
| 9457 238 8984  99.29

Zo. B you askhem o make predic I o457 238 8984 9929 Q047 9267 1.0000
Il 9348 250 8834 9862 (7832) 9390 9390
| 6848 487 5880  78.15

2d. Did you involve them in planning I 7283 466 6356 8200 6552 0328 7445

investigations?
Il 8370 387 7600  91.39 0281 1598
| 5326 523 4287 6365

2e. Did you encourage them to indlude fair 6630 495 5646 7615 8292 0655 0859

testing where appropriate?
Il 6522 499 5530 7513 1268 9830
| 7283 466 6356 82,09

2f. Did you gsk them to check their results I 89.13 396 8265 95.61 0848 0001 0013

or observations?
i 9130 295 8544 9747 0002 8867
| 8478 377 7730 9226

2g. Did you help them to keep notes and I 8696 353 7994 9397 3615 0467 8575

record results systematically?
Il 9457 238 8984  99.29 0459 1539
| 8013 326 8265 9561

3a. Did you ask Ps to provide some I 9130 295 8544 9717 0324 3288 8231

conclusions from their work?
Il 9457 238 8984  99.29 (:2929) 2975 6456

3b. Did you ask Ps to check that their ! 65.22 4.99 55.30 75.13

conclusions were consistent with their Il 89.13 3.26 82.65 95.61 .0157 <.0001 <.0001

rests? i 88.04 340 8129  94.80 (0003)  <.0001 9747

210

W https://doi.org/10.33225/jbse/20.19.201



Journal of Baltic Science Education, Vol. 19, No. 2, 2020

ISSN 1648-3898 /print/
ISSN 2538-7138 /Online/

TEACHERS’

THE IMPACT OF PROFESSIONAL DEVELOPMENT IN INQUIRY-BASED METHODS ON SCIENCE
CLASSROOM PRACTICE

(P. 201-219)

| 8152 407 7344 8960

3c. Did you ask Ps to compare their I 8478 377 7730 9226 2010 0386 7756

conclusions with their predictions?
i 9348 259 8834 9862 0341 1659
| 6739 491 5763 7715

3d.DidyouaskPstothinkofreasonsor — g15 407 7344 8960 3933 0006 0225

explanations for what they found?
i 8804 340 8129  94.80 0003 4417
| 6087 512 5071 71.03

3e. Did you ask Ps to identfy possible I 7391 460 6477 8306 4316  <.0001 0209

sources of error?
Il 8478 377 7730  92.26 <.0001 0675
| 4891 524 3850  59.32

3. Did you ask Ps to identify further I 5978 514 4957 6999 4712 0868 2308

questions?
Il 6304 506 5299  73.00 0847 8758
| 5217 524 4177 6258

3g. Did you encourage Ps to reflect on

it they founel and o hoy found it I 7600 447 6720 8497 0844 <0001 0001
Il 8043 416 7217  88.70 <.0001 7248

4a Did Ps work on questions which I 55.43 521 45.09 65.78

they identified as their own, even though I 7065 477 6117 8013 8201 0011 0375

intraduced by you? Il 7826 432 6967  86.85 0007 4370
| 5217 524 4177 6258

4. Did Ps make predictions based on I 6087 512 5071 7103  449% 0001 3501

their ideas?
i 7935 424 7092 8778 0001 0093
| 6848 487 5880  78.15

‘Ac. Did Ps take part in planning an I 6848 487 5880 7845 1390 0002  1.0000

investigation?
Il 8696 353 7994 9397 0009 0009
| 4565 522 3528  56.02

4d. Did Ps include ‘fair testing'in their I 5543 521 4509 6578 4233 2114 2753

plan if appropriate?
Il 5543 521 4509 6578 2753 1.0000

4e. Did Ps carry out an investigation I 7391 4.60 64.17 83.06

themselves? I 8478 377 7730 9226 7815 0614 0980
i 8478 377 7730 9226 0980 1.0000

4f. Did Ps gather data using methods | 7065 477 6117 8013

and sources appropriate to the inquiry Il 80.43 416 7217 88.70 3789 0314 2112

question? i 8587 365 7862  93.12 0239 6176
| 6739 491 5763 7745

49. Did the data gathered enable Ps to I 7174 472 6236 8112 9098 0512 7407

test their predictions?
Il 8152 407 7344 8960 0434 2203
| 7283 466 6356  82.09

4. Did Ps consider their results in rela- I 7391 460 6477 8306 5050  .1909 9813

tion to the inquiry question?
Il 8261 397 7472 90.50 2177 2993
| 6196 500 5185 72,07

ri's'j’t':fs propose explanations for their I 7065 477 6147 8043 2768 0277 3662
Il 7935 424 7092  87.78 0187 3662
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| 90.22 3.1 84.03 96.40
5a. Did Ps collaborate with others during

Il 94.57 2.38 89.84 99.29 4485 5070 .5005
group work?

Il 91.30 2.95 85.44 97.17 9576 6772
5b. Did Ps engage in class or group ! 6522 499 5530 7513
discussions of their investigations and Il 76.09 447 67.20 84.97 .3867 1353 .1386
explanations? Il 7391 460 6477 8306 2814 9235

5c. Did Ps report their work in some form ! 7065 4 61.17 8013

to the whole class? Il 81.52 4.07 73.44 89.60 7430 .0303 .0720
Il 8261 397 7472 9050 0417 9738
| 6957 482 5998  79.15

5d. Did Ps listen to each other during I 7065 477 6117 8043 4718 0531 9780

reporting?
Il 8152 407 7344 8960 0697 1102

5e. Did Ps respond to each other during ! 44.57 521 34.22 5491

reporting? I 5761 518 4732 6790 7700 0693 0653
Il 5435 522 4398 6472 2140 8418
I 8478 377 7730 9226

6a. Did Ps make some record of what I 8587 365 7862 9312 0001  .1963 9571

they did and found?
Il 9130 295 8544 9747 (2032) 2083 3358

7a. Did Ps include in their record a clear I 3 460 64.77 83.06

statement of the inquiry question or Il 73.91 4.60 64.77 83.06 1260 1.0000 1.0000
problem? Il 7391 460 6477 8306 10000 10000
7b. Did Ps’ records indicate what data b 8152 407 7344 8960
were collected and how they were col- Il 80.43 4.16 7217 88.70 .8604 .9676 9731
lected? Il 8043 416 7247 8870 9731 10000
| 67.39 491 57.63 7715
7c. Did Ps record observations and col- I 7065 477 6147 8013 0001  .8372 8278
lect data in a systematic way?
1] 68.48 487 58.80 78.15 (.6742) 9792 9194
7d. Did Ps indicate in their records | 55.43 5.21 45.09 65.78
whether results agreed with their predic- I 66.30 495 56.46 76.15 1659 1425 193
fions? . . . . . . .
Il 61.96 5.09 51.85 72.07 4634 7101
| 70.65 477 61.17 80.13
Zeec.olilﬁ)Ps state their conclusions in their I 80.43 416 7217 88.70 5200 1476 1467
1] 78.26 4.32 69.67 86.85 3121 .9090
| 60.87 512 50.71 71.03
7. Did Ps make personal notes during I 8261 397 7472 9050 0634  <.0001 0003
their work?
Il 83.70 3.87 76.00 91.39 .0001 9789

Among the analysed questions, 18 indicated significant differences between the subsequent research stages.
The post hoc tests showed that in 9 cases, statistically significant difference between stages | and Il was observed,
and in 7 cases, difference between stages | and Il was observed. Additionally, in 2 cases, when the difference
between stages | and Il was evident, a difference was also statistically revealed between stages Il and Ill. It is note-
worthy that no clear falling tendency of the average of the answers to questions in the subsequent survey stages
was observed after the training. In general, the results for the individual questions may be divided into 5 groups:
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A. Statistically significant changes

A1. Change between stages | and Il and stages | and lll - change occurring directly after the training and
stable in time. Questions: 2a, 2b, 2f, 3b, 3d, 3¢, 3g, 4a, and 7f.

A2. Change only between stages | and lll - the change occurred after a longer period; increasing trend was
constant, but statistically significant differences were between extreme stages of the research. Ques-
tions: 2d, 2g, 3¢, 4f, 4g, 4i, and 5c.

A3. The change between stages | and lll and stages Il and Ill - a small change directly after the training but
significant in a longer period. Questions: 4b and 4c.

B. No statistically significant changes

B1. The changes were not statistically significant, and the result in stage | was high (>85%). Questions: 1a,
1b, 2¢, 3a, 53, and 6a.

B2. No changes or the changes were not statistically significant. Questions: 1c, 2e, 3f, 4d, 4e, 4h, 5b, 5d, 5e,
7a,7b,7¢,7d, and 7e.

Analysis of the Results

First, it should be noted that the analysis of the combined results (whole questionnaire) indicate that the training
has affected the professional practices of the teachers, resulting in increase of IBSE aspects applied during lessons.
Moreover, this effect is stable over time, which is indicated by the results of the research stage Ill, carried out after
one year after the core training. A constant increase in the range of IBSE implementation is evident in the subsequent
stages, the observed difference is statistically significant between stages | and Il and stages | and Ill, however, the
increase between stages Il and Il is not statistically significant. Thus, the teachers are able to apply the new work
methods relatively quickly and consequently use them in the future. Further analyses aimed to identify the areas
of the teacher’s operation in which the IBSE elements are used and specific actions undertaken by the teachers.

Breaking up overall results into categories and further dividing the categories into specific questions detailed
the areas and specific teacher actions that have changed significantly as well as the dynamics of these changes.
The actions of the teachers in area 1, “Building on students’ideas” change directly after the training, and the ob-
served change is statistically significant. Unfortunately, it is not possible to indicate which of the actions has had
the strongest impact on the observed change because the independent analysis of questions from this category
does not indicate any statistically significant differences for any of the questions. However, it should be noted that
this area has been characterised by the highest average of affirmative answers in stage | (before the training). More
than 90% of the teachers have ascertained that in their practice, they ask questions to reveal and show interest in
student’s ideas and that they help them to express their ideas clearly. Slightly fewer teachers have ascertained that
they give students (Ps) positive feedback on how to review or take their ideas further. In relation to this action, the
value of the change before and after the training is closest to be a statistically significant. It is likely that the high
average percentage of answers in this area both before and after the training prevent meeting the variation spheric-
ity condition for 2 of 3 questions in this category.

In category 2,”Supporting student’s own investigations”, a general result at a lower level of approx. 70% in stage
| was observed. The change observed in next stages is similar to area 1; however, if the questions in this area are
analysed separately, it can be noted for 5 of 7 questions, statistically significant differences have been observed in
the subsequent research stages. However, the course of the changes is not identical for all questions. Within a short
time after the training, significantly more teachers started encouraging students to ask questions (Q 2a) as well as
formulate inquiry questions (Q 2b) and check their results and observations (Q 2f). Engaging students in experiment
planning (Q 2d) and engaging themselves in the process of systematic creation of notes by students (Q 2g) required
more time from the teachers to be introduced. On the other hand, no statistically significant differences were found
for question (Q 2c) pertaining to making predictions. However, this question may be included in the B1 group, i.e., a
constant high result, because the result amounted to approx. 95% both before and after the training. For the ques-
tion pertaining to encouraging students to carry out fair testing (Q 2e), a 12% increase is evident between stages |
and II; however, this difference is not statistically significant at the adopted significance level.

The course of the changes for area 3, “Guiding analysis and conclusions’, is also analogous with areas 1 and
2, but the extent of the change is larger (~20%) than in the previous cases. Statistically significant changes were
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already found at stage Il for questions on whether the teacher was asking Ps to check that their conclusions were
consistent with their results (Q 3b), to consider reasons or explanations for what they found (Q 3d), to identify pos-
sible sources of error (Q 3e) and to encourage them to reflect on what they found and how they found it (Q 3g).
For questions pertaining to asking Ps to compare their conclusions with their predictions (Q 3c), the change was
evident not earlier than between stages | and Ill. In the case of two questions for which no statistically significant
differences were found, the course of the changes is similar to the case of area 2. Answers to questions 3a, “Did you
ask Ps to provide some conclusions from their work?” were ~90% affirmative before the training, which is why the
observed increase by ~5% was not statistically significant, which was similar to question 2c. A change in the results
for question 3f, “Did you ask Ps to identify further questions?’, is analogous to 2e, where the effect found is too small
to be statistically significant.

Category 4, “Carrying out investigations’, includes the highest number of questions (n = 9). It is the only area
for which a statistically significant increase in all subsequent research stages is observed, which is not surprising
because this area included questions on the independent experimental work of students and the introduction of
modifications to experiments carried out independently requires time. Apart from time, experience gained by the
students in subsequent classes realised by inquiry may be an important factor contributing to the constantincrease
of results. One could conclude that a significant change between stages | — Il and Il - lll in this category means that
teachers significantly changed their practice directly after training and applied further significant changes in time. A
subsequent analysis of separated questions revealed that such an approach is untrue, and the result is a consequence
of several other effects. The teachers were able to introduce student’s work on questions, which they identified rela-
tively quickly (Q 4a), and only in this case is a difference evident between stages | and Il of the research. More time
was required to include predictions based on students’ideas (Q 4b) and planning an investigation (Q 4c) by students
into practice. It should be noted that in these cases, there were no differences shortly after training between I and
Il survey stages, but a statistically significant change occurred between stages Il and Ill. These are the only cases of
such a type in the whole research. In other cases, when a long time was necessary for change implementation, the
change had a more linear character, and significant differences were noticed between stages | and lIl. Such a situ-
ation refers to students gathering data using methods and sources appropriate for the inquiry question (Q 4f); the
data gathered enabled Ps to test their predictions (Q 4g), and the students proposed explanations for their results
(Q 4i). Additionally, question 4g, for which the analysis of variance returned a value close to the limit value aand the
post hoc test indicated a difference between stages | and lll, is an interesting case. For questions 4d, “Did Ps include
‘fair testing’in their plan if appropriate?” and 4e, “Did Ps carry out an investigation themselves?’, an increase in the
results is evident between stages | and II; however, this increase is not statistically significant. The results for question
4h,“Did Ps consider their results in relation to the inquiry question?’, change slightly differently because the change
is noticeable between stages Il and lll. However, the extent of the change is too small to be statistically significant.
Therefore, even though statistically significant changes were between stages | - [l and Il - Il for the entire category,
such a change was not noticed for the individual questions.

Modernisation of work in the group, which was the subject of the research in area 5, proved to be a major chal-
lenge for the teachers. This area included 5 questions. The analysis indicated statistically significant differences for
this area; however, while analysing the questions individually, a statistically significant difference (between stages
I and I1l) was evident only for one, Q 5¢ - “Did Ps report their work in some form to the whole class?". For two ques-
tions (Q 5a and 5d), the value of the analysis of variance was close to the value of a. Question 5e, “Did Ps respond
to each other during reporting?’, is an interesting case. This question obtained the lowest number of affirmative
answers (approx. 45%) in stage I. An approx. 14% increase in the use of this element is evident between stages | and
Il, followed by a decrease by 4% in stage Ill. Thus, in the first moment, the teachers attempted to adopt this inquiry
element in their practices but abandoned it later. However, it should be noted that the observed changes are not
statistically significant.

The last two categories pertained to the creation of notes by the students. Area 6 contained only one question,
so the results of this question are identical to the result for the whole area. Additionally, it should be noted that this
question is general and was specified in category 7. For question 6a, an ~7% increase in the number of affirmative
answers between stages Il and Il is evident, but this difference is not statistically significant. However, it should be
noted that even before the training, 85% of the teachers answered affirmatively that the students are recording
what they did and found.

The last category, area 7, included 6 questions. Statistically significant differences between stages |- lland [ - llI
were observed for only one question, 7f:“Did Ps make personal notes during their work?”The results for questions
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7a"Did Ps include in their record a clear statement of the inquiry question or problem?”and 7b “Did Ps’ records in-
dicate what data were collected and how they were collected?” are interesting because practically no changes are
observed for these questions in any of the research stages, and the obtained values are constant at the level of 75%
and 80%, respectively. This means that during the training, the teachers did not change or attempt to change their
practices in this area. The results for the other questions of category 7 (Q 7¢, 7d and 7e) are developing differently.
For all these questions, an increase between stages | and Il is evident, followed by a decrease between stages Il and
1, approximately at the initial level. For these questions, it may be concluded that the teachers have attempted to
introduce changes in their practice but have abandoned them in a longer time period.

The results may also be analysed from the point of view of development of specific skills. Considering the skills
chronologically, according to a typical inquiry cycle, it should be started with an analysis pertaining to the formulation
of inquiry questions. Four questions are related to this aspect directly: 2a, 2b, 4a, and 3f, where the teachers were to
answer whether they were encouraging students to ask questions and formulate inquiry questions and whether the
students were working based on these questions. The analysis of the answers indicates that as a result of the training,
the teachers changed their practice to a significant degree. For all these questions, an ~20% change is observed,
and in almost all cases, it is a statistically significant change. This change was found directly after the training or
between stages, | - I, and the change of practice was permanent, which was indicated by the differences between
stages | and Ill. The question pertaining to the formulation of further inquiry questions was the only question for
which no statistically significant changes were observed. Therefore, the teachers changed their practice in this scope
in the investigation preparation stage, and more rarely, they introduced development of the skill of inquiry ques-
tions formulation to their practice after a completed inquiry and the so-called closure of the scientific inquiry cycle.

In analysing the results in the context of making predictions, the answers of two questions (Q 2c and 4b) may
be compared, in which the teachers were to indicate whether they asked students to make predictions and whether
they are making predictions for their ideas. Considering the first aspect — making predictions — the lack of a sta-
tistically significant change is observed, but it should be noted that this question may be classified in the B1 group
— high-end results. Thus, no change was found, but practically all teachers used this element in their professional
practices before the training. In this area, the teachers enhanced their professional practices with predictions by
the students based on their ideas. The change in this aspect is statistically significant and occurs in a time interval,
or between stages Il and ll.

Next, questions pertaining to experiment planning (Q 2d, 2e, 4c, 4d) may be analysed. With regard to this skill,
two aspects may be distinguished: 1 — pertaining to engagement of students in experiment planning (Q 2d and 4c)
and 2 - pertaining to application of fair testing in experiment plans. In the first aspect, a statistical change is evident
for both questions; consequently, the change occurred between survey stages Il and lll. No statistically significant
changes were observed for area 2. Moreover, the observed changes in the average results for both questions are
analogous, an ~10% increase is observed between stages | - I, and the average value is constant between stages Il - lIl.

Analysing the realisation of an exercise, an increase in affirmative answers indicated a larger share of indepen-
dent execution of experiments by students (Q 4e) between survey stages | and Il and a constant level of the result
between stages Il and lll, although, the observed changes are not statistically significant. The same skillset includes
collection of data, which serves to answer the inquiry question or verify the formulated predictions (Q 4f and 4g).
For both questions, an increase in the average value is observed in the subsequent research stages. However, the
general ANOVA test indicates a lack of statistically significant changes, but it is worth mentioning that in both cases,
the probability coefficient value for the post hoc tests between stages Il and lll amounts to p < a in one case and p
~ain the other one.

Considering the development of skills connected with drawing conclusions (Q 3a, 3g, 4h 3d, 4i), it may be noted
that statistically significant changes occurred for numerous elements in this scope. Admittedly, no change was found
in the first question from this group (Q 3a), but this question may be classified in the B1 group or constant high-end
results. Then, it may be seen that the teachers were encouraging students to reflect on what they found and how
they found it (Q 3g) and to consider reasons or explanations for what they found more frequently (Q 3d, 4i). Only in
case of the question pertaining to the relationship between the results and the inquiry question (Q 4h) the change
is not statistically significant. Moreover, the observed increase in the results occurred between stages Il and Ill.

In the area of the skills connected with evaluation of the experiments, statistically significant changes were
also found (Q 2f, 3b, 3e, and 3g). Noteworthy the changes occurred directly after the core training (between stages
I'and Il), and the results in stage Il were similar to these in stage II.

Work in groups and taking notes are the next skills which may be considered; however, in these cases, the skills
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coincide with question categories (5, 6 and 7), so a separate analysis is not necessary.
Discussion

The goal of the undertaken training was to expand the range of methods used by the teachers with inquiry-based
methods, not a complete change of their teaching styles. Application of the inquiry elements is recommended by
the Polish core curriculum, but as opposed to the USA (National Research Council, 1996), the inquiry is not expected
to be a leading/prevailing method. Thus, the aim of the training was to provide the teachers with the knowledge
and skills necessary to use various aspects and types of inquiry. Implementation of inquiry elements in traditional
instructions by the teachers is not an atypical behaviour. Such actions were observed, among others, by Johnson
(2007) and Lotter, Harwood, & Bonner (2006), who also analysed the impact of the IBSE training on the professional
practices of the teachers.

It is not a surprise that participation in the training affected the practice of the teachers significantly, since
similar results have been reported earlier (Blanchard, Southerland, & Granger, 2009; Capps et al., 2012; Ermeling,
2010; Jeanpierre et al., 2005; Luft, 2001; Radford, 1998; Shepardson & Harbor, 2004; Taitelbaum et al., 2008). Luft
(2001), Shepardson and Harbor (2004) carried out quantitative studies which indicated that the most likely change
in the practices of the teachers pertains to the following areas: teacher as a guide, cooperative learning, inquiry
questions and designing, and conducting investigations. Therefore, the results obtained in this research coincide
to a significant degree with previous results. However, the detailed analysis carried out allowed for a more precise
description of changes in teachers’and students’actions. Moreover, presented research yielded information on the
dynamics of these changes which had not been reported earlier.

The described research was based on a self-reflection tool for teachers. Tools of such a type have their limitations.
Frechtling, Sharp, Carey and Vanden-Kieman (1995) argued that the teacher self-report data alone may not reflect
what is happening in the classroom. In the context of PD in the inquiry, it was confirmed by Lee, Hart, Cuevas and
Enders (2004), who used a mixed approach, and it was found that the self-reported data conflicted with classroom
observations. On the other hand, Jeanpierre et al., (2005) confirmed the consistency of the teacher self-report data
with observations. In the case of the presented research, extent of the training (number of participants and times-
cale) did not allow to confront the obtained data with observations. It should be also remembered that the limited
number of pre- and post-classroom observations may not accurately represent the day-to-day nature of a teacher’s
practice (Capps et al., 2012). Another limitation of the presented research consisted of the fact that the applied tool
practically omitted issues related to the assessment of the students. It was due to the fact that the SAILS project,
within the framework of which the described training and research were carried out, was oriented on the develop-
ment of methods for evaluation of students working by inquiry, therefore, this aspect was considered a separate
project task. The developed assessment strategies and didactic materials were implemented and evaluated by the
teachers, the results of those operations were described as separate case studies (Bernard, Dudek, & Orwat, 2019;
Finlayson et al., 2015a, 2015b).

Conclusions and Implications

The research revealed current Polish science teachers’ practices related to facilitating learning by inquiry. The
teachers claim to practise with students making predictions, drawing conclusions, independent making notes, they
ask questions to reveal student’s ideas and to help them express their ideas clearly, they organize work in groups
during lessons even without prior training in IBSE. This set of practices can be treated as a starting point for the
IBSE training. However, the fact that teachers use certain elements of inquiry doesn’t mean that they are doing it
correctly, according to the IBSE methodology. Therefore, these actions should be still discussed during the training.
On the other hand, the fact that teachers already use these elements suggests, that they would keep doing it after
the training. This fact was confirmed by the obtained results, none of the practices was abandoned after the train-
ing. It can be also expected that new knowledge and skills acquired during the training provide higher value and
deeper meaning of these practices. Diagnosed changes in teachers’ actions suggest that practically immediately
after the training they incorporate a number of new elements of inquiry into their practice (a difference between
research stages | and Il). This group includes actions connected with formulating research inquiries, predictions and
reflections on the obtained results by students, as well as evaluation of investigations by them. Moreover, inquiry
elements the introduction of which requires more time were identified. This group of practices includes involving
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students in experiment planning, students’ work based on their own ideas, independent data collection, making
notes and presenting results. Therefore, it can be concluded that the long-term training system consisting of core
training and extended support is well-justified. Basing on the obtained results, constituent elements of the extended
support can be planned, along with didactic materials and tasks formulated by tutors, to stimulate teachers’actions
at adequate phases of the training. After the core training, tutors may want to first focus on these aspects of inquiry
that were earlier used by teachers, and those that can be incorporated easily. Such a bottom-up strategy, with a
number of easily reachable goals, can be a positive motivation for teachers. Subsequently, the aspects of inquiry-
based learning whose incorporation require more time should be enhanced.

From the point of view of persons constructing and running the PD programme, the most important group of
questions describes practices that were not adopted by the teachers during the research time, or the change was
not statistically significant, and the results in research stage | have not been high (the B2 questions group). These
encompass planning and use of fair testing, identification of further research questions, carrying out an investiga-
tion by students themselves and elements of group work, including discussions of the results and various aspects
of written records. These aspects should be extensively discussed during the core training to ensure their meaning
and deep-seated understanding. Moreover, it is advised to intensively enhance classroom application of these
aspects during the extended support later phase, along with other elements of inquiry that require more time to
be incorporated.
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