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Introduction

“Inquiry” has been a perennial and central term in the
rhetoric of past and present science education reforms in the
USA and others developed countries. During the second half of
the twentieth century, “good science teaching and student
learning” has come to be distinctly and increasingly associated
with the term “inquiry” (Anderson, 2002; NRC, 2000). An
international comparative study (Abd-El-Khalick et.al., 2004)
documents inquiry as a worldwide phenomenon, where
approaches range from fairly straightforward (unproblematic
or unproblematized) and somewhat structured laboratory-
activities-with-a-twist, to a divergent approach for generating
evidence-based answers to open-ended question. Research has
shown that teaching science by means of inquiry plays a strong
role in enabling students to acquire cognitive knowledge and
skills and it increases the interest and positive attitude towards
science (Meade, 2002; Chinn & Malhotra, 2002; Chiapetta,
1997).

Little attempt towards promoting inquiry approaches
linked to implementation of curricula has been made in Post
Soviet countries (Jonane, 2005; Janiuk, 2003). However a few
studies have shown that teachers in these countries are not
comfortable using inquiry-based teaching and tend to invest
too little time to investigative experimental teaching (Keirans,
2002).

Inquiry teaching

It is possible to describe inquiry issues from different
aspects. Abd-El-Khalick et al. (2004) emphasise two aspect of
inquiry: inquiry as a means and inquiry as an ends. Inquiry as a
means refers to inquiry as an instructional approach, intended
to help students develop understanding of science content and
processes. Inquiry as an end refers to inquiry as an instructional
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outcome to be learned. In this study we link inquiry-based teaching to the first description. According
to the USA National Science Education Standards (NRC, 2000) inquiry teaching and learning may
involve a number of process skills such as making observations;

e posing questions,

e examining books and other sources of information to see what is already known;

e planning investigations;

e reviewing what is already known in the light of experimental evidence;

e using tools to gather, analyse, and interpret data;

e proposing answers, explanations, and predictions, and

e communicating the results.

The development of students’ process skills, which leads to the enhancement of cognitive
abilities, seen as important for understanding the real world and formation of attitudes (for
example curiosity, interest, objectivity), may be achieved through carrying out inquiry-based
experimental work (Meade, 2002).

In the current study, the main emphasis is placed on the development of observation and
planning skills. Observation is seen as an important process skill, which provides an opportunity to
communicate verbally or in writing. The emphasis is on “meaningful” observation, finding
differences and similarities, making comparisons between objects or phenomena and being able
to infer based on one’s observations.

The importance of planning skills underlies key cognitive developments in science teaching. It
allows scientific understanding to be linked to application. Planning provides a basis for consecutive
inquiry processes. Research has shown that by using “cookbook recipe” experimental work, students
do not develop these skills (Rollnick et.al., 2001; Hart et. al., 2000).

Experimental work has been considered an indisputable part of the teaching of science
subjects in most countries of the world, especially in chemistry (Hofstein, 2004; Rollnick et.al.,
2001; Hofstein & Lunetta, 1982). During the last decades the goal, content and nature of
experimental work have changed. The goal of experimental work is not only to illustrate the
theory, achieve the manipulative skills or gain conceptual knowledge.

It is essential when planning studies, to pay attention to barriers that occur in carrying out
inquiry-based teaching in science classes. These barriers are clustered in two dimensions: the
dimension related to teachers when carrying out inquiry (Anderson, 2002) and the dimension
related to students (Llewellyn, 2002). The former includes the teacher’s lack of pedagogical content
knowledge and teacher appreciation of the goals of science education, whereas the latter covers
the students’ lack of discipline during science class and lack of appreciation of the value of such
non-content learning.

The role of the teacher

It has frequently been emphasized that a critical element for carrying out inquiry is the
teacher (Millar, 2005; Windschitl, 2004; Meade, 2002). Can all teachers successfully teach using
inquiry approaches, or is it only possible for exceptional teachers?

Research shows that teachers must change their knowledge, beliefs and skills to adopt inquiry-
based approaches (Bell et. al., 2003; Davis (2003). Nevertheless, it is hard for teachers, to start
using student-centred approaches, which is one of the characteristics of inquiry teaching and
therefore need support for this change (Abd-El-Khalik et al., 2004). Teachers indicate that
professional development reduces their anxiety and increases their confidence to use student-
centred approaches. Unfortunately, there are more published articles about collective intervention
type of professional development with goals to change the teachers and improve their skills
(Shedletzky & Zion, 2005; Bell et.al., 2003; Davis, 2003) and less about case studies of the change
process in action (Hart et.al., 2000). Changing a teacher’s teaching style is complicated and using
new teaching materials alone cannot attain an approach new to teachers: the teachers are likely
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to simply adapt these to their current teaching style (Davis, 2003; Posnanski, 2002, Rannikmae,
2001). In order to achieve an effective change, it is recommended that teachers are actively
involved in the process of developing the teaching materials (van Zee et al., 2003; Rannikmae,
1998).

In this study, the aim is to examine factors, which help to decide whether science teachers are
ready to undertake inquiry-based experimental work and to plan and execute an intervention
program to help teachers to gain ownership in teaching approaches that promote inquiry teaching
among the students.

The following research questions were put forward:

1. Are Estonian teachers ready to conduct inquiry-based experimental work with their
students?

2. s it possible to plan and execute an intervention program to help teachers to gain
ownership in teaching approaches that promote inquiry teaching?

3. What barriers do the Estonian teachers meet in conducting inquiry teaching in science
class?

4. Will teachers’ change influence students’ achievement of inquiry skills?

Methodology of Research
Participants

To answer the research questions, a small research study was carried out. The participants
were 10 chemistry teachers from Tartu and its neighbourhood and their students (age a range15-
16) from the 9t grade (N=320). All teachers had recently passed an in-service- program in micro
chemical experimentation and were thus expected to be at the same level in using experimental
teaching methods. All teachers were chemistry graduates from a University during the Soviet
time and had been working as chemistry teachers for more than 10 years. All teachers were
highly motivated volunteers.

Plan

The study included 3 interrelated stages carried out during 2001/2002:

1. Describing and mapping the pre-intervention situation by means of teachers’ pre-
questionnaires and students’ pre-tests. Thus determining the teacher’s readiness to
teach inquiry based experimental work among the students and planning the structure
of in-service intervention programme for teachers.

2. Running the eight-month intervention programme for teachers, involving theoretical
ideas related to well-founded methods of inquiry-based practical work, trying out the
new approaches at school, assessing the outcomes and analysing experiences

3. Describing and mapping the post-intervention situation by means of teachers’ post-
questionnaires and students’ post-tests. Thus determing the teachers’ professional
development and relating this with students’ achievement.

In order to plan a successful teachers’ intervention programme, data characterising the
present situation in the school was obtained. The first stage of the study thus gave an opportunity
to find out the domains where the teachers needed support.

During the intervention programme, a series of 6 sessions were conducted each highlighting
a different aspect of student inquiry. A teachers’ pre-intervention questionnaire was administered
in the first session and based on outcomes, the content of the sessions was determined. Throughout
the sessions, attention was paid to illustrating inquiry-based practical work and the studying of
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examples of guidelines for inquiry-based experimental work. The second and third sessions involved
discussion and analysis of instructional guidelines composed by researchers and teachers, and
their experiences in testing and using these. As homework, teachers were asked to compose their
own instructional guidelines for an inquiry based experimental work in 9t grade-chemistry.
Subsequently, each teacher was given an additional 10 researcher-composed instructions so that
they had sufficient materials to try out in the classroom setting and develop students’ process
skills. The last two sessions included the analysis and evaluation of the experiences of inquiry
based experimental work in chemistry, the instructions given for assessment and validation of
teacher results.

Changes in students’ achievement, which were taken to reflect teacher professional
development, were measured. The collection and analysis of this data formed the third stage of
the study.

Instruments
Three types of instruments were used:

A. Questionnaires for the measurement of the teacher’s self-evaluation of inquiry teaching skills
were applied in the first and second stages of the study. The instrument was selected from the
Instrument Package & User’s Guide (1997) of the lowa Chautauqua Program (ICP), adapted and
translated into Estonian, and used as the pre- and post-intervention questionnaire, because it was
directly related to the collection of information for designing the intervention programme and
for the determination of the teachers’ readiness to teach inquiry skills. To increase the validity of
the translation, two independent interpreters were involved.
B. Semi structured interviews, to validate answers to the questionnaires, were used in the first
and second stages of the study.
The interviews used the following divergent questions:

e What doyou think about instructional guidelines for inquiry-based experimental work

e What do you think about instructional guidelines for assessment?

e  Which problems did you experience in carrying out experimental work?

C. Pre- and post-tests of students were used for the first and third stages of the study to determine
change in students’ process skills. This change was determined on the basis of 10 chemistry lessons,
in which inquiry-based experimental work was undertaken using the instructions composed by
the author and chemistry teachers during the in-service training course. The students were assessed
according to the instructions for assessment, which were completed by the teachers.

The changes in outcomes were investigated by quantitative research methods. Observation skills
were tested in the pre-test by observing a burning candle and in the post-test by observing the
dissolving of potassium permanganate crystals. Planning skills were tested, in both pre-test and
post-test by asking students to draw experimental equipment for producing and collecting
hydrogen in the laboratory.

Results of Research
The pre-intervention situation

The results obtained by administering the questionnaires were used for data analysis. The
guestionnaire used a 5-point Likert type scale and included 31 questions for teachers to evaluate
their work. 8 domains were found:

1. Shared control (involving students in planning inquiry-activities),
2. Teacher-centred (teacher organizing practical activities),
3. Directing students to observe.
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4. Directing students to plan experiments to test a hypothesis.
5. Directing students to analyse and interpret the results of experiments.
6. Directing students to evaluate experiments and their own actions.
7. Popularising science through personal actions of students.
8. Popularising science through whole-class actions outside science classes.

Each domain included 3-5 questions. The means for each domain were found. If these exceeded
3 (scale’s mean), then the evaluation of teacher’s opinions in that domain was considered to be
positive. A teachers’ positive opinion was taken as a basis for readiness to organize inquiry based
experimental work. A mean value below 3 indicated a negative teacher’s opinion. The pre-
guestionnaire data show a teacher-centred domination when teachers carried out experimental
work (mean of teachers’ opinion 4, 4 on a 5 point scale).

Table 1. Comparison of teachers’ opinion based on responses to pre-and post-questionnaires.

Mean Domain 1 2 3 4 5 6 7 8
of teachers’
(N=10) opinions

In pre-questionnaire 2.9 4.4 3.4 2.2 3.1 2.9 1.9 2.1
ST DEV 0.48 0.52 0.52 0.32 0.81 0.69 0.52 0.60
In post-questionnaire 3.2 43 3.9 2.8 3.7 3.2 2.1 2.3
ST DEV 0.85 0.99 0.85 1.22 0.85 0.99 0.69 0.73

The data tended to indicate that teachers are not yet willing and ready to carry out inquiry-
based experimental work. When asked about undertaking inquiry-based practical work, the
teachers referred to their use of 2 of the 8 areas indicated by NRC (2000) only: organizing the
observations and analysing and interpreting the results.

The 8-month teacher intervention programme

The outcomes from an 8-month-teacher intervention programme are shown in the table 2.
The data illustrates the actions of the 10 teachers during the sessions. These actions can be
grouped as individual (in the table identified as I) and collaborative (C). The collaborative group of
actions gave opportunities to shape teachers’ ownership of the nature of inquiry during the
interaction. In the table, a symbol (+) indicates the teacher took part in the session and undertook
the homework. Their absence is marked with the symbol (-). When the teacher composed more
than one set of instructions, this is reflected by the symbol “++".

Table 2.  The actions by teachers during the intervention programme

Teacher No 1 2 3 4 5 6 7 8 9 10
Action

Participating in the
Introductory session (l). + + + + + + + + + +

Evaluating the inquiry
scheme (C). + - + + + - - + + +

Undertaking an analysis
of inquiry teaching (C). + - - + + - - + + +
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Teacher No 1 2 3 4 5 6 7 8 9 10
Action

Composing inquiry-based
teaching instructions (I).  + - ++ + ++ - - + - +

Trying out inquiry-based
experimental work (1). + + + + + + + + + +

Evaluating the outcomes of
the experimental work (C). + - + - + - - - + +

Development of an

assessment scheme for

inquiry-based experimental

work (C). + - - + + - - + - +

Implementing instructions
for assessment (). + - - + + - - - + +

Evaluation of the assessment
instructions (1). + - + - + - - + - +

Total number of actions
undertaken by teachers. 9 2 7 7 10 2 2 7 6 9

Students’ achievement
(change in process skills
between pre and post test). 0.26 0.20 0.36 0.25 0.37 0.16 0.18 0.24 0.27 0.32

The total number and the quality of actions undertaken characterize the development of the
teachers during the sessions. Table 2 shows that all teachers took part in the introduction session
and tried out the inquiry-based experimental work using instructions handed out during the
session. In some sessions, teachers were absent and therefore they had no opportunity to interact
with other teachers and to learn about their experiences. Some teachers put much effort in the
homework (composing, testing and evaluating the inquiry-based instructions and assessment
instructions) while others did not.

The post-intervention situation

The post-intervention questionnaire data show that the teacher-centred domination when
carrying out experimental work had not changed (Table 1).

However, the willingness and readiness of teachers to organize inquiry-based experimental
work was more appropriately expressed in four areas: directing students to observe, directing
students to analyse and interpret the results, shared control, and evaluating the experience and
one’s own actions. Thus the mean opinion of the teachers’ has changed, compared with the
responses from the pre-questionnaires.

Teacher interviews

The individual interviews with teachers revealed that:

e The teachers gave a positive evaluation of inquiry approaches
“in this way it is more interesting to teach and learn, this makes students think and
reason”
(a similar tendency was noted by 5 additional teachers).

e The teachers found that the new instructions for assessment of inquiry-based
experimental work enables a more objective evaluation

“it is easier and more fair to assess this way; we discussed the presentation of all teams’
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results together and evaluated them collectively”
(mentioned by 4 teachers).

e Difficulties with applying inquiry-based experimental work are described as follows:
the functional literacy of students is poor:

“the students read only the first row of instruction and start to work”
(a similar tendency was noted by 3 additional teachers);

e Perceived overloaded curriculum:

“1do not have enough time to spend two lessons during the semester on inquiry-based
experimental work”
(a similar tendency was noted by 5 teachers)

e Large number of students in chemistry class
“it is not possible, to carry out chemistry experimental work with 30-36 students”
(mentioned by 6 teachers).

* Thereasons for not using inquiry-based experimental work are that in the examinations,
knowledge and process skills, which have been gained through conducting experiments,
are not tested
“| teach the chemistry needed for exams because teacher effectiveness is evaluated
based on students’ achievements, i.e. students’ results in tests or exams”

(a similar tendency was noted by 5 additional teachers)

e The lack of resources

“I don’t have a chemistry class not to mention reagents”
(mentioned by 2 teachers).
The data from the pre- and post-questionnaires were validated by these interviews.

Teacher development during the intervention programme
A. Categorising the characteristics exhibited by the teachers

The categorising was based on

a) interaction during the sessions, distinguishing between passive interaction related to
sessions attended and active interaction related to sessions by participating in discussions;

b) actions connected with composing and evaluating instructions for inquiry-based
experimental work and assessment;

¢) the using of new methods in chemistry classes and analysing these results.

Table 3. Summarising the categorising of the teachers’ development.

Category Characteristic Influence on
students’ achievement

a) participated actively in discussions during the sessions,
analysed their own and others’ opinions and evaluated

A work done by themselves, ,
(characteristics b) composed the instructions for experimental work and Development of students
shown by teachers assessment, tested, modified and discussed the process skills was
1,5,10) instructions and gave feedback, statistically significant

c) showed readiness to organize inquiry-based experimental
work during the intervention programme,
d) teacher-centralism decreased,

B a) took part passively in discussions during the sessions, i .
(characteristics did not give their own opinions during the sessions, Students’ process skills
shown by teachers seldom presented observation notes on their inguiry- developed, but they were not
37 4, 8, g) based Study in their classroom, StatIStlcally Slgnlflcant
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Category Characteristic Influence on

students’ achievement

b) composed a few instructions for inquiry-based
experimental work, but preferred to test instructions
of others and did not give feedback, used
assessment instructions composed by others,

c) showed partial readiness in at least 6-8 domains,
which varied depending on the teacher,

d) teacher-centralism did not decrease

a) interaction between the teachers was missing, such
teachers interacted mostly with the organizer of the

C sessions, ’

(characteristics shown b) did not compose instructions for inquiry-based ngelopmeqt olflstudents process

by teachers 2, 6, 7) experimental work, but used instructions composed  SKills was significant only in one
and tested by others, domain (planning skill)

c) did not show readiness to organize inquiry-based
experimental work,
d) teacher-centralism did not decrease,

B. Grouping the teachers

The development of teachers was based of their willingness and readiness to organize inquiry-
based experimental work. The teachers who's opinions in the 5-8 domains, (based on the post-
questionnaire), was summarised by a mean higher than 3 and who's total number of actions during the
intervention programme was over 2 (table 1), were considered to be ready to undertake inquiry-
based experimental work. There were 7 such teachers and these formed the group of “inquiry-based
ready” teachers.

The “not-ready” group was formed by 3 teachers who were considered not to have achieved the
readiness for organizing inquiry-based experimental work (opinion in most domains led to a mean
rating below 3 and the number of actions did not exceed two (table 1). As category B was also taken
as being indicative of teacher readiness (at least partially), the readiness group was formed from
categories A and B, and the non-readiness group formed category C.

Willingness and readiness to organize inquiry-based experimental work was shown by the teachers
who wished to change (group “ready to introduce inquiry-based experiment work”).

Unfortunately, the data from the questionnaires showed the predominance of teacher-centred
approaches in carrying out experimental work. Teacher-centred approaches in science classrooms
indicate that the teachers feel that this is the most appropriate way for them to use their expertise
when guiding student learning — they trust the transmission mode of teaching too much. On the basis
of the interviews carried out with the teachers, explanations for the preference of the teacher-
centred domination were:

e large number of students in chemistry class (mentioned by 6 teachers),

e the perceived large content of the curriculum and little time available for experimental
work (mentioned by 5 teachers) and

e the lack of coverage of process skills in the examinations (mentioned by 5 teachers).

It is not surprising, therefore, that teachers decide which experiments students undertake in the
science class and prescribe the other students’ actions. Most teachers rarely allow student involvement
in activities such as planning and carrying out experiments. This result agrees with statements about
the need for teachers’ intervention to achieve student-centred teaching (Abd-El-Khalick et al., 2004).

Research has shown that teachers’ development is effectively enhanced by means of collective
actions (Bell et.al., 2003; Davis, 2003) or individual actions (Hart et.al., 2000). This study points out that
both - collaborative and individual action - are needed (table 2). As emphasized by Rannikmée (1998),
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itis also very important that the teachers not only use, but also compose the instructions used in class.
This is supported by the categories of descriptors of teachers in this study (tables 3, 4 and 5).

The investigation of Estonian teachers shows that changing a teacher’s teaching style is a complex
matter. Rannikméae (2001) found that during another 8-month-interaction programme, teachers
were willing to use new materials, but still continued teaching in traditional ways. This tendency has
been evident also in this research. All teachers used instructions, which guided students to design
experiments, but only a few teachers (from category A), valued students active learning. While teachers
changed in the intervention programme, teachers, especially those from categories B and C, still did
not appreciate the importance of directing students to evaluate their experiment results and their
own work. Despite data by Israeli researchers (Mamlok, 1998), which showed teacher-centeredness
decreased as a result of the intervention process, this research showed that teacher-centeredness
remained high after the intervention (it decreased for the teachers estimated to have achieved
readiness, but this was not statistically significant). The results of the intervention programme are
similar to those of Rannikméae (2001) who demonstrated that not all teachers internalise proposed
teaching approaches during an intervention programme. In this study, the descriptors of the highest
category were only exhibited by one third of the teachers. Furthermore, it is advantageous to measure
the long-term impact. This is because research by Rannikmae (2001), related to ownership of teaching
approaches in the STL-domain, demonstrated that, in the course of time, some teachers who had
reached the ownership stage, returned to a lower level.

C. Students’ results
The acquisition of observation skills

The results of the students’ pre-test demonstrated the poor process skills of students: meaningful
observations were made on the burning of the candle by only ~5% of students. The results of the
students’ pre-test were similar to those reported by Sandall (2001) where the stumbling block was
also the teaching of meaningful observation skills.

The results of this analysis are shown in tables 4 and 5. The maximum value was taken to be 1.

Table 4. Comparison of mean scores of student meaningful observations with the different
teacher categories.

Category Student mean of

- Student mean of o Difference in means
of characteristics L observations in the
. . observations in the pre-test (Change)
associated with teachers post-test
A 0.22 0.33 +0.11**
B 0.19 0.23 +0.06
C 0.20 0.22 +0.02

The data in table 4 shows that the change of students’ meaningful observation mean scores was
most marked for category A teachers. Because of the reciprocal interaction, the conclusion can be
drawn that these two variables are dependent on each other. The change in meaningful observation
skill level of students, of category A teachers, was statistically significant.

The data relating the change of mean score for meaningful observation skills of students and the
teachers in categories B and C were inconclusive. The change of mean score was not significant.

The acquisition of planning skills

Table 5 illustrates a comparison of the mean scores for students taking the pre- and post- planning
test with the different teacher categories. The maximum score for both the pre- and post- test was 5

13
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Table 5.  Comparison of the mean scores for students’ planning skills with the different teacher

categories.
Category of - -
. Mean of writing procedures Mean of writing procedures
characteristics . . . . Change
R . logically in the pre-test logically in the post-test
associated with teachers

A 1.22 1.84 +0.62**
B 1.30 1.62 +0.32
C 0.82 1.40 +0.58**

The data in table 5 show that the planning skills of students, taught by teachers of the group
“ready” (category A and B teachers), are at a relatively high level in the pre-intervention situation.
The difference in the changes of their students’ results supports the notion that teachers’ willingness
to change is likely to be very important for improving students’ process skills, (table 3). The most
surprising result from this table is the big change in the mean of students’ planning skills for students
related to teachers exhibiting characteristics associated with category C. Students of category C
teachers, as a group, were the weakest in planning skills both at the beginning and at the end of the
study. And responses from category C teachers in the questionnaires and interviews indicate that all
used teacher-centred approaches and did not use inquiry approaches in their lessons. It is unlikely
that the achieved change in students’ skills is caused by the altered attitudes and teaching methods
of the teacher and it seems to be caused by the teacher promoting the concept of planning through
didactic approaches and perhaps by the use of materials shared in the sessions.

The data indicates that the development of students’ planning skills is enhanced by teacher
evolution. Teachers who wished to change and are willing to work for attaining the highest level
of competency in carrying out inquiry teaching (by including experimental work) were able to
significantly develop students’ planning skills. Table 5 illustrates this conclusion.

The pre- and post-test data from students show also that there is a need for analyses of the
actual classroom environment to decide how didactical approaches, besides inquiry intervention,
used by teacher influence students’ change. Nevertheless, the study illustrates that there is an
association between teacher readiness to undertake inquiry teaching and student gains in acquiring
process skills.

Conclusions

The following conclusions can be drawn from the study:

e Without intervention, Estonian teachers are generally not ready to conduct inquiry-
based practical work.

e Itis possible to change teachers through a theoretically justified intervention, which
gives ownership of the nature of inquiry. During such an intervention teachers’ opinions
can change and the competency to carry out inquiry-based practical work can increase.

e It is possible to determine objective and subjective barriers, which influence inquiry
teaching in the science class. Teachers preferred to emphasise the objective factors
such as: overloaded curriculum, large number of students in chemistry class and the
fact that, in examinations, the knowledge and skills which have been gained through
experimental work are not tested.

e Students’ achievement is sensitive to teacher development. Development of students’
process skills depended on the teachers’ evolution towards inquiry approaches in the
teaching of experimental work. Only teachers who wished to change and were willing
to work for attaining the highest level of competency were able to significantly develop
students’ process skills.
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e Animportant step towards improvement of students’ process skills is the development
and publishing of instructional materials for inquiry-based experimental work and
assessment.

As the teachers’ professional competency developed through teacher-teacher interaction, it
is recommended to create conditions to promote science teachers collaborative seminars at schools
for the analysis of best practice in science teaching.

The practical importance of this study is the composing of inquiry-based experimental work
and instructions by teachers to assess students during the intervention process. It has been
important to work out the instructions for assessment that evaluates inquiry-based experimental
work as a process.

A limitation of the study is related to the sampling of teachers. Therefore the outcomes are
applicable among the teachers having educational background and teaching experiences similar
to the teachers in the sample, high motivation to learn about new trends in science education.

Note. This work was supported by Estonian Ministry of Education Basic Funding (2529) and an
Estonian Scientific Foundation Grand (5663).

References

Abd-El-Khalick, F., Boujaoude, S., Duschl, R., Lederman, N., Mamlok-Naaman, R., Hofstein, A., Niaz,
M., Treagust, D., & Tuan, H-L. (2004). Inquiry in science education: international perspectives. Science
Education, 88, 397-419.

Anderson, R.D. (2002). Reforming science teaching: What research says about inquiry. Journal of
Science Teacher Education, 13(1), 1-12.

Bell, C., Shepardson, D., Harbor, J., Klagges, H., Burgess, W., Meyer, J., & Leuenberger, T. (2003).
Enhancing teachers’ knowledge and use of inquiry through environmental science education. Journal of
Science Teacher Education, 14(1), 49-71.

Chiappetta, E. U. (1997). Inquiry-Based Science. The Science Teacher, 22-26.

Chinn, C. A., & Malhotra, B. A. (2002). Epistemologically authentic inquiry in schools: a theoretical
framework of evaluating inquiry tasks. Science Education, 86(2), 175-184.

Davis, K.S. (2003). “Change is hard”: what science teachers are telling us about reform and teacher
learning of innovative practices. Science Education, 87, 3-30.

Hart,C., Mulhall, P.,, Berry, A., Loughran, J., & Gunstone, R. (2000). What is the purpose if this
experiment? Or can students learn something from doing experiments? Journal of Research in Science
Teaching, 37 (7), 655-675.

Hofstein, A. (2004). The laboratory in chemistry education: thirty years of experience with
developments, implementation, and research. Chemistry Education: Research and Practice, 5(3), 247-264.

Hofstein, A., & Lunetta, V.N. (1982). The role of the laboratory in science teaching: neglected aspects
of research. Review of Educational Research, 52(2), 201-212.

Instrument Package & User’s Guide (1997). Secondary Science and Mathematics Teacher Preparation
Programs: Influences on New Teachers and Their Students. A Supplement to Final Report of the Salish |
Research Project: 18-152.

Janiuk, R.M. (2003). Education of science teachers — some remarks from the Polish perspective. Journal
of Baltic Science Education, 2(4), 38-48.

Jonane, L. (2005). Finding possibilities to improve science education in high school and gymnasium.
Journal of Baltic Science Education, 1(7), 63-69.

Keirans, L. (2002). Development of teaching methodologies in the field of biology. Journal of Baltic
Science Education, 1, 36-43.

Llewellyn, D. (2002). Inquiry Within Implementing Inquiry-Based Science Standards. Corvin Press,
INC, A Sage Publications Company, 1-11.

Mamlok, R. (1998). The effect of a teaching unit “Science as an ever developing entity” on students
perception and attitude towards science learning. Unpublished PhD Thesis. Weizmann Institute of Science,
Israel.

Meade, K. M. (2002). The effects of inquiry instruction on student learning in technology — based
undergraduate chemistry laboratories Unpublished PhD Thesis. The University of lowa.

Millar, R. (2005). The role of practical work in the teaching and learning science. http://64.233.183.104/
search?q=cache:IfMuOormdic):www.7nationalacademies.org/bose/Millar_draftpap (31.01.2005), 1-27.

National Research Council (2000). National Science Education Standards. Washington, D.C: National
Academy Press.

Posnanski, T. J. (2002). Professional development programs for elementary science teachers: an analysis

15

=



Journal of Baltic Science Education, 2006 No. 1 (9)

16

ESTONIAN TEACHERS’ READINESS TO PROMOTE INQUIRY SKILLS AMONG |SSN ]648_3898

STUDENTS
(P. 5-16)

of teacher self-efficacy beliefs and professional development model. Journal of Science Teacher Education
13 (3), 189-220.

Rannikmaéae, M. (2001). Guiding teacher development towards STL teaching: identifying factors
affecting change (2001). Science Education International, 12(3), 21-27.

Rannikmée, M. (1998). STL teaching - theoretical background and practical findings. Science Education
International, 9(4), 7-14

Rollnick, M., Zwane, S., Staskun, M., Lotz, S. & Green, G. (2001). Improving pre-laboratory preparation
of first year university chemistry students. International Journal of Science Education 23 (10), 1053-1071.

Sandall, B. (2001). Best practice in science. lllinois Science Teachers Association. www.ista_ie.org/
Spectrum/fa_2001/article_sandall.asp (28. 07. 2003).

Shedletzky, E. & Zion, M. (2005). The essence of open-inquiry teaching. Science Education
International, 16 (1), 23-38.

van Zee,E., Lay, D. & Roberts, D. (2003). Fostering collaborative inquiries by prospective and practicing
elementary and middle school teachers. Science Education 87 (4), 588-612.

Windschitl, M. (2004). Folk theories of “inquiry:” How preservice teachers reproduce the discourse
and practices of an atheoretical scientific method. Journal of Research Science Teaching 41 (5), 481-512.

Pe3ome

TOTOBHOCTb B3CTOHCKUX ITPENOIABATEJIENA
PA3BUBATDHb UCCIEJOBATEJIIBCKHUE HABBIKH
YYAIIIUXCA

Kimapa Kack, Muna PanHukMae

HccnenoBatenbCKMit TTOIXOM B €CTECTBO3HAHWY OTPaXXeH B TOCYIAPCTBEHHBIX YUEOHBIX MPOTpaMMax
MHOTHX CTpaH. B To Xe BpeMsl MCCIIeOBaHUS, MMPOBENEHHBIC YUYCHBIMHA 3TUX CTPaH, ITOKA3bIBAIOT, YTO TIPU
MIPUMEHEHWN TAKOTO TIOIXOAa BO3HUKAIOT HEKOTOPHIC ITPOOIIEMEI.

B naHHOI1 cTaThe MPOAHATTM3UPOBAHA CUTYAITUS B IIKOTaX DCTOHUM KaK ¢ TOUYKH 3PEHUS TIPeTIoiaBaTeiei
TaK ¥ C TOYKM 3peHUS ydJammxcs. [UIs M3MEHEHUS IMTOJIOXEHUST OBUI MPOBEIEH BOCBMUMECSYHBIN Kypc
o0ydeHHsI IperogaBaTesieil, B Mpollecce KOTOPOrO OTCIEeXUBAJICS YpPOBEHb MPOodecCHOHATbHOU
KOMITETEHTHOCTH y4uuTesneil. [Ipouciienime M3MEeHEHUST YPOBHS TPODECCHOHATHHON KOMITETCHTHOCTH
IperofgaBaTesicii COMOCTABISUINCh C YPOBHEM HCCIIENIOBATEIbCKAX HABBIKOB YYallMXCSI B KOHTEKCTE
9KCIIEPUMEHTAIBHBIX MCCIEAOBATEILCKUX PAOOT IO XUMUM.

PesynbpTaThl mccaenoBaHWI MOKA3alH, YTO Pa3BUTHEC YPOBHSI MPOGECCUOHATHHON KOMIETCHIIUH
IperoaBaTeieil BOSMOXHO OIMcaTh Mo 3 KaTeropusiM. TOJNBKO TperofaBaTe BBICIICH KaTeropuu ObUTH
TOTOBBI OPraHM30BaTh JKCIEPUMEHTAIBHBIC HCCIENOBAaTEeIbCKUE PAOOTHl MO XUMHUU. TONBKO y Tex
MperroiaBaTesieil, KOTOpble OBUTM TOTOBBI K OPTaHW3AIIMK YKCIIEPEMEHTAIBHBIX UCCIEIOBATEILCKUX paboT U
KeJaJld U3MEHUTHCS CaMU, YPOBEHBb MCCIIEIOBATEIBCKUX HABBIKOB OOYJYaeMBIX YUYAIUXCS TpeTepIres
3HAYUTENbHBIE CTATUCTUYCCKY 3HAYMMBIC M3MECHEHUS.

KiroueBrie CiIOBa: HCCIIeOBaHUE, UCCICNOBATEIbCKIE HABBIKU YYAIIUXCSI, DKCIIEPUMCHTATbHBIC
paboThl IO XUMUH, YPOBEHb MPO(ECCUOHATBHOW KOMITETEHTHOCTH TIPeToiaBaTesiei.
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