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Abstract Inquiry Based Science Education (IBSE) as a new kind of education has been introduced
into both the individual countries and the EU as a whole as an appropriate method for improvement
on the current unsatisfying state of science education. Recently, new curriculum documents started to
take effect in Czech Republic; these documents emphasize acquiring key competences and support the
implementation of new strategies of teaching and learning. Many suggestions for IBSE education were
also created as a part of national and international projects. For this reason, our article will focus
mainly on the preparedness of pupils/students and their teachers for this new teaching method as a
further condition of the application of IBSE into schools. In the first part of the article, we will list
methods, procedures and results of a research that aimed to determine whether the pupils/students
have enough skills to use the inquiry based method of teaching. In the second part of the article, we
will start by focusing on the determination of teacher preparedness for IBSE and then on the
preparation and realization of the IBSE training system for in-service and pre-service teachers in Czech
Republic. This training system is based on the identification of a scientific "mystery" and active work
of the teachers connected with their experience of inquiry and discovery. In the third part of the article,
we will talk about the TEMI project which creates training programs for science teachers using IBSE

and in which our country participates right now.

1  Introduction

At the beginning of the 215t century, Czech Republic came to similar conclusions as the rest
of the EU — students’ scientific knowledge, including chemistry, was very formal and short-
termed, often based on memorization and without any deeper understanding and the ability
to apply the knowledge in practice.

IBSE as a new approach to education seemed to be an appropriate method for the
improvement of the current state (Franklin, 2000) (ESTABLISH, 2010) (Banchi, H., Bell, R.,
2008). However, there are at least four basic conditions that have to be satisfied in order to
use IBSE in a country. It is clear that the current curricular documents must make space for
this type of education, and there must also be good and appropriate topics in the subjects
themselves; the students must be able to accept this type of education, and, last but not least,
the teachers must be able to teach in this way.

Since 2005, Czech Republic has had new curricular documents that put emphasis on the
acquisition of key competences, and thus support the implementation of new strategies of
teaching which involve pupils more and support their own activity. Topics for IBSE education
have started to be created as a part of national and international projects. For this reason, we
are going to focus on the remaining two conditions for applying IBSE in education: the

readiness of students and the readiness of teachers for the use of a new teaching method.
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The students' ability to use inquiry-based education was the subject of the national GACR
(Czech Science Foundation) project that aimed, among other things, to determine whether
our students have the necessary component skills for this type of education — asking scientific
question, suggesting hypotheses, designing and performing experiments, working with
schemes, tables and graphs, reaching conclusions, etc. One of the methods we used was
solving a group of problems in a didactic test verifying these skills in chemistry on students
of primary and secondary schools in 2011-2012. The results showed that our students are
fairly well prepared for the IBSE method (Ctrnactova & al., 2013).

As for the teachers, one part of our national project research was a questionnaire survey
performed in the same time period. The survey was trying to find out whether the teachers
have already encountered the IBSE method and whether they consider it suitable for
chemistry teaching at our schools. As for the teachers, a questionnaire inquiry done at the
same time had also as its goal to determine whether the teachers have encountered the IBSE
method and whether they consider it appropriate for chemistry teaching at our schools. The
questionnaire inquiry among teachers was performed as a part of the European project
ESTABLISH in which we participated and it had similar results. For these reasons, we
consider the main problem of the application of the IBSE method in Czech Republic the
insufficient preparation of the teachers for its teaching. To solve this problem, we started to
organize a training system for in-service and pre-service teachers as a part of the European
project TEMI (see below) and as a follow-up to the results of the project ESTABLISH and the

national project "Making Science Is Easy".

2 IBSE - The Current Method for Active Teaching and Learning of
Science

The international comparative studies in science education performed at the turn of the
century showed that the interest of young people in studying science had dropped
considerably. Students of secondary schools in most European and other countries are also
fairly uninterested in science education, and the subject of chemistry is actually one of the
long-term least favourite subjects at these schools. The way science is taught at schools is
rightly considered one of the main causes of the decreasing interest (Abd-El-Khalick, 2005).
Experts from the field of didactics try to right this situation as a part of both national and
international projects whose goal is to analyse the current national initiatives in the given
area and gain elements of know-how from their representative cross-section; these elements
could initiate a profound change in the area of young people's interest in the study of science
and they could be transferable and usable in the educational systems of other states
(European Commision, 2007). IBSE is of a special interest since, according to what was found
so far, it proved its efficiency in the secondary education by both increasing the students'
interest and improving their results; it also aroused the motivation of teachers (Sherwood,
2007). It is also listed as an important fact that IBSE is not contrary to the traditional

pedagogical approaches, which can — and should — be combined in the teaching of science in
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order to adjust the education to different styles of student thinking and their age preferences
(European Commision, 2007).

The change in general approach to education reflects the fast increase of new knowledge
in science; the development of information and communication technologies; a change of
objective needs and perspectives in the development of society and new demands for
practical applications. IBSE is an educational protocol based on students’ own investigations
with use of many activating methods.

Czech Ministry of Education, Youth, and Sports (MSMT) also took a stance on IBSE; it
listed the advantages and problems of this approach from the point of view of our educational
system in its report (MSMT, 2009). The advantages of IBSE adjusted according to the MSMT
in 2009 are: students learn active problem solving in teams, students’ interest in science
increases, students acquire scientific methodology (like collection and comparison of data,
use of IT and the Internet etc.) and students are much better prepared for their further life
and lifelong education, both through the method of work and through the durability of
acquired knowledge. The problems with IBSE adjusted according to MSMT, 2009 are:
teachers are worried about the realization of experiment-based work in their own classes and
they also fear the unknown, teachers lack training in "active" teaching (they are more used to
lecturing, especially at secondary schools), teachers' superiors are not always sufficiently
convinced in reality of the usefulness and effectiveness of this type of teaching and the
teachers are worried whether the students have sufficient skills to make use of this new type
of teaching.

IBSE is a process of diagnosing a problem, experimenting, recognition of alternatives,
planning the research, determination and verification of hypotheses, searching for
information, creation of models, discussion with peers and argumentation (Ctrnactova &
Cizkova, 2010). The inquiry type of teaching gives students a chance to work with various
materials and tools, to rely on their previous knowledge, to improve their grasp of scientific
methods and to see their strong and weak points. Another important point of inquiry is that
it gives the students experience with creating questions, and gathering and analysing
evidence (Pellegrino J. W., Histon M. L., 2012). When the inquiry ends, the student should
be able to create his own opinion about the processes and methods used in science (Apedoe
& Reeves, 2006) (Franklin, 2000). National Science Education Standards (NSES),
published by the National Council for Research in 1996, are, among others, concerned with
the way scientists perform their research — the inquiry cycle which can have various forms

(ESTABLISH, 2010). One example is the cycle shown in Fig. 1.

2.1 IBSE - The Learning Cycle
The learning cycle can be used to create the structure of IBSE education since it is one of the

most common and most effective models for the realization of teaching and learning.
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Evaluate Explore

Extend Explain

Image 1. The learning cycle

Engagement — in this stage it is necessary to arouse interest and curiosity about the
given topic; the teacher has a chance to activate learning, to evaluate previous
knowledge and to give the students a chance to make use of their previous knowledge
about the given topic.

Exploration — this is a good stage for involving students in the inquiry, letting them
to ask questions and develop hypotheses regarding their work without the teacher's
direct commands. The students start to gather data and information and to suggest
and perform observations and experiments.

Explanation — the use of methods leading to processing data and evidence by
individual groups and class as a whole; discussion and explanation of scientific terms
connected to the investigation through whole-class lecturing.

Extension — the teacher helps to strengthen the acquired knowledge by extending
the evidence to new situations.

Evaluation — the teacher asks questions of higher order that help the students with

judging, analysing and evaluating their work.

IBSE and Students’ Skills - Research and Results Achieved

In our research, we started by focusing on the determination and hierarchy of required

students' scientific knowledge at various degrees of secondary schools, as follows from the

set teaching cycle. We have created a structure of knowledge necessary in order to realize

IBSE in the school practice. Adequate science subject tasks were created for the various types

of knowledge — though we will focus on the subject of chemistry — and assembled into tests

given to the students in the appropriate age category, i.e. at the end of low secondary schools

and in upper secondary schools. These tasks included finding out which city has the best

water for a aquarium (from a table of pH values), comparing graph and table to find out what

concentration of CO, is in said water, finding questions to already-filled-in answers etc.
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Therefore, we have selected testing and its statistical evaluation as the main method of our
research in this phase of project solving (Ctrnactova & al., 2013). Testing was focused on five
basic skills at all education levels: asking science-related questions, acquiring information
from various sources (text, tables, graphs, schemes, pictures, etc.), arranging the results
achieved, evaluating these results, and forming the conclusions.

The research was a part of a project of The Czech Science Foundation with cooperation
between Charles University in Prague (Faculty of Science) and Masaryk University in Brno
(Pedagogical faculty) which took place between 2010 and 2013 and was called Students’ skills
in biology, geography and chemistry: research into planned, realized and achieved
curriculum in implementation phase of the curricular reform. With this project, we were able
to collect our data from the didactics test for students and the questionnaires for teachers.

The results from these inquiries were presented in (Rezni¢kova & al., 2013).

3.1 Project: Students’ Skills in Science

The main goal of this project supported by The Czech Science Foundation was to propose an
interlinked system of student skills based on their multi-level analysis. These are skills that
should be acquired in science at the end of lower secondary school and at the end of upper
secondary school (grammar school) in order to be able to work using the IBSE method.
Partial goals of the project were: students' skills in chemistry — a proposal of a subject skill
system at primary/secondary level, analysis of teachers' opinions about the suggested skill
system, testing students’ skills at lower and upper secondary level and teacher interviews
about student skills.

Following from the mentioned teaching cycle, we created a skill structure necessary for
its realization in school practice. We focused on skills related mainly to the formation of
research questions (phase 1 and 2 of the IBSE teaching cycle), searching for information in
various sources and their critical evaluation (phase 2 and 3 of the IBSE teaching cycle) and
inferring, forming and presenting the conclusions (phase 4 and 5 of the IBSE teaching cycle).
The international evaluation PISA, organized by OECD, also shows that our students have
problems with these skills (Ctrnactova, Cizkova, Marvanova, & Piskov4, 2007); (Mandikov4,
D., Houfkova J., 2012).

We have chosen a skill test based on a single complex aquaristics-related problem (see
examples of tasks above) as a good tool for finding out the state of the abovementioned skill
group; this problem required the students to solve many component problems. The complex
problem was outlined as a story with many pitfalls that required use of various skills to
overcome. The component problems in the test were focused on the listed basic skills, both
general and specific (Bayerova, Cidlova, & Kubénova, 2013) (Cizkova & al., 2009)
(Ctrnactova, Cizkova, Hlavova, & Rezni¢kova, 2012). Since the ability to perform chemical
experiments couldn't be verified directly, we replaced it by skills inseparably connected to
the realization of chemical experiments — basics of chemical nomenclature, writing of

chemical equations, understanding of chemical equilibrium and chemical calculations.
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Therefore, we were tracking not only general skills but also some selected skills specific for
the subject of chemistry.

The chemistry skill test had two versions: one for lower secondary school, the other for
upper secondary school. Both versions had, as a baseline, seven analogical problems focused
on general skills. For the upper secondary school, this baseline was extended by problems
requiring some special chemical knowledge (see above).

The individual test problems’ focus on the abovementioned skills is specified in Table 1.

Table 1: Specification of skills in chemical test tasks

Task Skill type

information search in text

data search in table

data search in graph

analysis of data from multiple information sources (text, table, graph)
data transfer from text to table

data transfer from text to graph

asking expert questions

chemical calculation

transfer of chemical reaction description to chemical equation notation
chemical nomenclature
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The prepared knowledge test was given in May-June 2012 during chemistry lessons to the
total of 684 students (431 from lower secondary schools and 253 from upper secondary
schools). The students were not informed of the test beforehand. One part of the test was a
20-item questionnaire. The first item related to the students' opinions about the individual
test problems and their difficulty, others were formulated as questions about their approach
to chemistry, guessing the success rate in other selected skills similar to the ones in the test
and the inclusion of the acquirement of similar skills into chemistry teaching from the
students' point of view.

While the students were tested, the teachers at secondary level (118 teachers) and college
level (24 teachers) were asked to complete a similar questionnaire containing 6 question
groups. The questions in groups 1 to 4 were related to their opinions about the age-
appropriateness of the individual problems and to the preliminary guessing of the students'
success rate in solving them, the questions in group 5 were related to guessing the students'
success rate in other selected skills similar to the ones in the test and the inclusion of the
acquirement of similar skills into chemistry teaching from the teacher's point of view. The
analysis of their responses reached the conclusion that the respondents in general agree with
the suggested skill system for these subject; interesting fact is that the higher the school level,
the lower the demands. See Figure 2 for average success rate of students (%) in various

problems of the test.
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Figure 2. The average success rate in various problems. Black column = lower SE,

grey column = higher SE.

The answer to the question "do the students' results in general skills necessary for working
with information depend on their age?" can be seen in Table 2. It shows the average success
rate of solving individual test problems for younger and older students. It is clear that older
students were more successful with all problems focused on the general skills necessary for

working with information.

Table 2. Students’ success rate

Problem / success rate (%)

Number of
task 1 2 3 4 5a 5b 6 7 8a 8b 9 10(7)
Lower SE 74,5 856 43,6 850 60,6 64,3 54,7 -— -~ - -~ 56,9

Upper SE 92,5 93,7 60,3 89,9 68,2 78,9 729 29,2 474 71,2 722 69,6

Both groups of students were most successful in solving problems related to searching for
information in text or a table (problems 1 and 2), and in answering six dichotomist questions
in problem 4 where the 50% chance of guessing the right answer played a significant role (the
success rate was in range of 70-90%). The bigger problems started with tasks that required
the students to make their own table, to find data in a graph and to make their own, and to
put the gathered information in their own words (problems 3, 5, 6 and 7). The results
pertaining to the answer to the third research question — whether the students' results in the
area of specific chemical skills differ with the type of school — were interesting and alarming.
Actually, the students in both groups had very bad results with the problem requiring some

basic chemical calculations (Table 2).
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As we have already said, the teachers made preliminary guesses — at the same time as the
students were tested — about the students' success rate in solving the individual problems.
When the questionnaires and tests were compared, it was found that the students were
mostly better in solving the problems than the teachers expected. On the other hand, the
students' results in the case of chemical calculations were much worse. The average teacher
guess about the success rate of the students of the 3™ year of four-year grammar school was
57% while the actual success rate was mere 18%; the average teacher guess for the success
rate of the students of the 7th year of eight-year grammar school was 74% while the actual
success rate was mere 43%. These students are all the same age, but they attend different
types of grammar schools.

The problem in question is not the last one in the test and the success rate for the following
problems was significantly higher. This rules out that the possibilities that students wouldn't
"reach the problem" or that they would skip it because of "tiredness" at the end of the test.
The detailed analysis of the teacher questionnaire results, including the teacher guesses and
real success rate of older and younger students in solution of all test problems, is published,
among others, in (Ctrnactova & al., 2013).

We have interviewed the teachers about the importance of general student skills and their
acquirement in science education. 12 chemistry teachers were interviewed in semi-structured
interviews. The interview included questions like: How do you understand the term ‘student
skills’, ‘Is it possible to teach students to ask chemical questions’, ‘What is your experience
with individual work of students’, etc. The analysis of the answers led to the conclusion that
the respondents generally lack a clear idea about these skills and the way to train them.

The questionnaire investigating teachers shows that most of the teachers agree with the
skill structure demanded by IBSE. The test results show that most of the students have
necessary skills for IBSE, at least at a basic level. The teacher interviews show that their ideas
about acquiring skills for IBSE are problematic. The results acquired so far show that inquiry-
based education could be in practice realized even now and students do not have to be
specifically prepared for it; however, it is necessary to put more effort into IBSE training for
the teachers.

As far as the teachers go, one part of our research as a part of a national project was a questionnaire
survey performed at the same time period aiming to find out whether the teachers have encountered
the IBSE method and whether they consider it suitable for chemistry teaching at our schools. A total
of 142 teachers participated in the questionnaire survey and the results show that the teachers have
very little knowledge about this method. The questionnaire survey which was performed as a part of
the European ESTABLISH project we participated in had similar results.

4 Teacher Trainings and the TEMI project

We believe that the main problem for IBSE application in our country is the insufficient
preparation of teachers for this teaching method. For this reason, we became a part of the

TEMI project (Teaching Enquiry with Mysteries Incorporated), which started in 2013 and is
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coordinated by Queen Mary University in London. It is a science education project meant for
lower and upper secondary schools teachers with the main goal to prepare and carry out
teacher trainings focused on IBSE that would lead to a change in the teaching of science and
mathematics throughout Europe. TEMI teacher trainings give the teachers new knowledge
and skills that will allow them to connect better with their students, access exciting new
resources and a vast support necessary in order to incorporate this teaching method into their
lessons (Sherborne, T., 2014) (TEMI team, 2015).

Teachers fully experience the whole process in the role of students to get familiar with the
TEMI and IBSE method. We mainly want to change directive teaching into enquiry teaching,
change the paradigm from knowledge to skills and change the perspective of assessment of
students’ outcomes. All of these problems are barriers for IBSE teaching in the Czech
Republic and elsewhere. Our teacher trainings consist of practical two-day workshops for
teachers from the Czech Republic and they use mysterious tasks to create curiosity and
motivation.

We use known and new activities and units in our trainings. We work with activities from
the ESTABLISH project (Polymers, Chemical Care, Photochemistry etc.), the ,Making
Science Is Easy“ project (activities for practical work in primary and secondary schools, more
than 100 activities from physics, chemistry and biology) and new activities specifically
designed for the TEMI project. In our country, we have trained 62 out of the goal of 90
teachers so far.

The introductory part of the workshop is devoted to getting to know the TEMI project and
its main aspects. This is followed up by individual tasks, which are presented in such a way
that the teachers are in the role of students and try to solve the mystery at hand with the help
of our lecturers. About 10 to 12 enquiry tasks are presented during each workshop. The
results of solving these tasks are summarized in a short seminar with discussion at the end
of the day. An integral part of the workshop is also a show, usually in the form of a “magic
performance” full of mysterious experiments.

The participating teachers write out their opinions and views on the program of the
training and IBSE in general into questionnaires at the end of each day of the two-day
workshop.

Based on these questionnaires, we have found out that 81 % of the participants want to
try out the TEMI approach to teaching in class. To the question: “What do you think you have
gained from this workshop?” the teachers answered: 65 % gained motivation to innovate
their teaching, 63 % got new tools for teaching, 55 % gained a new approach to teaching, 52 %
better understood the principles of IBSE and 52 % acquired useful examples of good practice.
The teachers’ satisfaction in applicability, enjoyment, importance and interest of the
workshops ranges between 85-95 %.
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5 Conclusion

Given the problems in the current way of teaching chemistry in our country and abroad, many
interested experts try to search for a way to improve on it. The inquiry-based education
method seems to be one of the suitable solutions to this problem. In order for it to be applied
in our school practice, we need to master its component skills. For this reason, our research
aimed to find out whether the students on the level of lower and upper secondary school
possess these skills or not. Apart from that, we also verified selected specific chemical skills.

It was confirmed that the older students had better general skills necessary for the
application of the IBSE method, compared to the younger students, and this was true for all
corresponding problems in the test. As for the influence of the type of the school, the level of
necessary general skills was a bit higher in the students of the 7t year of eight-year grammar
school compared to their peers at lower secondary school or in the 3" year of the four-year
grammar school, but this was only statistically significant for some problems.

In the area of selected special chemical skills (chemical calculation, conversion of verbal
description of a chemical reaction into a chemical equation, chemical nomenclature,
elementary ideas about chemical equilibrium), which were only tracked for the older
students, the students of the 7! year of eight-year grammar schools were more successful
than the students of the 3" year of four-year grammar schools in three of the problems; only
in the problem related to conversion of verbal description of a chemical reaction into a
chemical equation did they have almost the same success rate. Apart from that, and outside
of the original focus of the research, we have confirmed that the students' skills in the area of
chemical calculations are very low, significantly worse that the guesses of the actual teachers
of the tested students.

When we compare the results of students in different test problems and the results the
authors of this article got in the past, it supports the thesis that the students' failure when
solving some theoretical problems in chemistry is not necessarily caused by the failure to
acquire necessary mathematical skills or logical operations; the disconnection between
chemistry and everyday life might also play its part. According to the foreign experience
(MSMT, 2009), the teaching of science and technical disciplines, including chemistry, should
build on the students' natural interest in what happens around us. Therefore, chemistry
should not be taught merely as a "theory far from the everyday life" — on the contrary, the
problems should be, when possible, explained in the context of everyday, well-known
situations.

The results of our research are being further used in teacher trainings which we are
organizing thanks to the TEMI project. We want the enquiry approach to teaching to become
a reality in the Czech Republic as much as possible.

Financial support of the 7t FP EU TEMI (No 321403) project is gratefully acknowledged.
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