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ABSTRACT. An inquiry-type laboratory has been implemented into the chemistry cur-
riculum in high schools in Israel. In this study, we investigated the idea that generally the
science laboratory provides a unique learning environment that differs from the learning
environment that exists in classrooms in which other instructional techniques are used.
Moreover, the inquiry laboratory provides students with a learning situation in which they
are involved in activities that might influence some of the variables that are influencing
the learning environment of such laboratories. In this study, the Science Laboratory En-
vironment Inventory (SLEI) was used to assess the students’ perceptions of their chem-
istry laboratory learning environment. Statistical comparison of two groups (control and
inquiry) revealed significant differences between the groups regarding their actual per-
ceptions. Moreover, it was found that the differences between the actual and preferred
laboratory learning environment were significantly smaller for the inquiry group than for
the control group.

KEY WORDS: assessment, chemistry learning, inquiry, learning environment, science
laboratory, science learning

1. INTRODUCTION

1.1. The Inquiry Laboratory in Science Education

Laboratory activities have long had a distinctive and central role in the
science curriculum and science educators have suggested that many ben-
efits accrue from engaging students in science laboratory activities (Hofstein
& Lunetta, 1982; Lunetta, 1998). More specifically, when properly devel-
oped, inquiry-centred laboratories have the potential to enhance students’
constructive learning, conceptual understanding, and understanding of the
nature of science. Inquiry-type experiences are especially effective if con-
ducted in the context of, and integrated with, the conceptual development
of the topic taught.

The National Science Education Standards (National Research Coun-
cil, 1996) presented a statement on teaching science as inquiry. The Stand-
ards define what all students should know and what kind of learning
experiences they need in order to achieve scientific literacy. Moreover, they
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reaffirm the conviction that inquiry is central to the achievement of scien-
tific literacy. The Standards use the term inquiry in two ways: (1) inquiry
as content understanding (in which students have opportunities to construct
concepts, patterns and meaning about an idea in order to explain what they
experience) and (2) inquiry as abilities (Bybee, 2000). Under the heading
of abilities or skills, Bybee includes identifying questions, designing and
conducting scientific investigations, formulating and revising scientific
explanations, recognising and analysing alternative explanations, and com-
municating and defending scientific arguments. It is suggested that many
of these abilities are in alignment with those that characterise inquiry-type
laboratories. In addition, Hofstein and Walberg (1995) reported that in-
quiry-type laboratories are central to learning science, because students
are involved in the process of conceiving problems, formulating hypoth-
eses, designing experiments, gathering and analysing data, and drawing
conclusions about scientific problems or science phenomena. These, it is
suggested, should be integrated with the other complementary activities
such as the development of scientific concepts and related scientific skills
and experiences. One must remember that student inquiry can range from
independently conducted research on different issues to the investigation
of a research question by the entire class (Lunetta, 1998).

In conclusion, there is no doubt that inquiry teaching and learning poses
a challenge to both teachers and students (Kracjik, Mamlok & Hug, 2000).

1.2. The Science Laboratory Learning Environment

Classroom learning environments in science have been studied extensively
in the last 30 years in order to determine their relationship to teaching strat-
egies and the social interactions between teacher-students, students-stu-
dents, and students-subject matter, during the process of instruction. These
efforts are summarised in several published reviews, the most recent one
being Fraser (1998).

Because measures of learning environments have been found to be re-
lated and sensitive to instructional methods, they can be used in order to
improve instruction and pedagogy in certain scientific subjects taught in
schools (Hofstein & Lazarowitz, 1986; Maor & Fraser, 1996; Walberg,
1970). Furthermore, it is suggested that information about students’ per-
ceptions of their classroom learning environment could guide curriculum
developers, teachers and those responsible for their professional develop-
ment, in searching for improved instructional techniques and teaching/
learning methods that can contribute to positive aspects of the classroom
environment. In recent years, investigating the pedagogy of science teach-
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ing in general, and the effectiveness of certain instructional techniques
particularly in the context of science teaching, has become one of the key
issues in our attempt to maintain new standards and attain new goals in
science education (National Research Council, 1996).

We operate in an era in which the teaching of science and the formula-
tion of curricular materials and instructional strategies should be tailored
to the abilities, aptitudes, and motivational patterns of different students
(Hofstein & Kempa, 1985; Hofstein & Walberg, 1995). The overall ob-
jective is to create a learning environment that allows students to interact
physically and intellectually with instructional materials through hands-
on experiences, and through minds-on and inquiry-oriented activities
(Tobin, Capie & Bettencourt, 1988). All these are in fact a call for varying
the instructional techniques that are used in the science classroom, which
will improve the classroom learning environment. The science laboratory
is central in our attempt to construct a learning environment in which stu-
dents construct their knowledge base and their understanding of scientific
concepts as well as skills related to the scientific process.

The science laboratory is a setting in which the students work coopera-
tively in small groups to investigate scientific phenomena, a unique mode
of instruction, and a unique mode of learning environment. Hofstein and
Lunetta (1982) and Lazarowitz and Tamir (1994) suggest that laboratory
activities have the potential to enhance constructive social relationships
as well as positive attitudes and cognitive growth. Cooperative team ef-
fort is required for many laboratory activities. The less formal atmosphere
(compared to the classroom), and the opportunities for more interaction
between students and teacher and between students and their peers, have
the potential to promote positive social interactions and thus create a con-
structive and positive learning environment (Lazarowitz, 1991; Lazarowitz,
Baird, Hertz-Lazarowitz & Jenkins, 1985; Tobin, 1990).

In regard to the laboratory learning environment, Lazarowitz and Tamir
(1994) wrote that:

The opportunity to work in groups may illuminate how students collaborate and assist
one another. These social learning activities are vital for mastering scientific concepts
and inquiry skills, since the group work imitates the teams of scientists who work in re-
search. (p. 114)

1.3. Past Use of the Science Laboratory Environment Inventory (SLEI)

The Science Laboratory Environment Inventory (SLEI) was developed and
validated in Australia and in other countries by Fraser, McRobbie and
Giddings (1993). The original instrument includes 72 items in eight learn-
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ing environment dimensions (scales): Cohesiveness, Open-Endedness,
Integration, Rule Clarity, Material Environment, Teacher Supportiveness,
Involvement and Organisation. We decided to use the original version
because it was used and validated in the past in Israel in a comparative
study regarding chemistry and biology laboratory learning environments
(Hofstein, Cohen & Lazarowitz, 1996). For more details about the instru-
ment, see Table I.

The SLEI has been used in several studies throughout the world. In par-
ticular, a comparative study of students’ perceptions was conducted in six
countries: UK, Nigeria, Australia, Israel, USA, and Canada (Fraser &
McRobbie, 1995). Fisher, Henderson and Fraser (1997) confirmed the
reliability and validity of the SLEI in an investigation of the associations
between students’ perceptions of the biology laboratory environment and
student outcomes. When McRobbie and Fraser (1993) investigated the
association between student outcomes and classroom environment in sci-
ence laboratory class settings, they found that student’ perceptions of the
laboratory learning environment accounted for significant amounts of the
variance in students’ outcome beyond their abilities. In Israel, in the con-
text of chemistry and biology learning, Hofstein et al. (1996) used a He-
brew version of the SLEI in comparing students’ perceptions of actual and
preferred learning environment of laboratory classes in chemistry and bi-
ology. They found significant differences between chemistry and biology
laboratory environments for two scales, namely, Integration (which de-
scribes the extent to which the laboratory activities are integrated with other
non-laboratory classroom activities), and Open-Endedness (which meas-
ures the extent to which the laboratory emphasises an open-ended approach
to experimentation). Differences were also found between students’ per-
ceptions of the actual and preferred learning environments when Fisher,
Harrison, Henderson and Hofstein (1999) conducted a comparative study
using the SLEI in biology, chemistry, and physics school laboratory classes.
They found that the SLEI differentiates between these three subject areas
regarding students’ perceptions of laboratory classes. This could be due
to the nature and type of the laboratory experiences used in these scien-
tific topics.

2. THE STUDY

2.1. The Chemistry Curriculum

The present study was conducted in the context of the development, im-
plementation, and evaluation of an inquiry laboratory used in high school
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chemistry in Israel. The chemistry curriculum that is followed in high
schools in Israel is Chemistry: A Challenge (Ben-Zvi & Silberstein, 1985).
This curriculum was developed on the basis of an intensive and compre-
hensive study of students’ misconceptions and learning difficulties. In
general, the experiments used in this program are designed to:

• help in explaining chemistry concepts;
• familiarise students with the properties of substances and compounds;
• help students to understand the consecutive steps used to form a spe-

cific scientific theory.

In general, most of the tasks in these experiments are clear, ‘closed ended’,
and directly related to the concepts being taught at that time in the regular
classroom (i.e. the non-inquiry laboratory learning experiences).

In an attempt to enhance the students’ involvement in constructing their
knowledge of chemistry concepts and ideas, inquiry-type laboratories were
introduced into the teaching and learning sequence of school chemistry.
This article focuses on a comparison of the laboratory learning environ-
ment with and without the inquiry component.

2.2. Objectives of the Study

The main goal of this study was to develop, implement, and assess the
outcomes of inquiry-based laboratory experiments that were implemented
in the context of high school chemistry classes in Israel. More specifically,
the objectives of this study were:

• to create an innovative laboratory learning environment by introduc-
ing inquiry-type experiments;

• to develop a method for the professional development of chemistry
teachers who plan to implement such laboratory experiences;

• to assess students’ perceptions regarding their laboratory learning
environments;

• to determine (qualitatively and quantitatively) whether the incorpo-
ration of inquiry experiments into the chemistry laboratory reduced
the differences between the actual and preferred students’ perceptions
of the laboratory learning environment.

3. METHODOLOGY

3.1. Stages of the Study

The study was conducted in three consequent stages during the academic
years 1997–2000.
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The first stage included the development of a series of about 50 experi-
ments to be incorporated into the regular chemistry curriculum used in
Grades 10–12 in Israel. All the experiments were part of the conceptual
development of the chemistry key concepts (e.g. acids-bases, oxidation-
reduction, bonding, energy). The inquiry-type chemistry experiments that
were developed range from those which are totally ‘open’ to investigation
to those in which the student is asked to conduct only a partial inquiry.
These could include designing and planning the experiment, interpreting
the results and arriving at a scientific conclusion. In the past, Herron and
Pella (see Hofstein, 1988) suggested the idea of ‘degree of freedom’ given
in the laboratory to describe the level of inquiry for each of the experi-
ments. (For information about the instructions given to the students regard-
ing the execution of a typical inquiry experiment, see Table II).

The second stage was mainly devoted to the professional development
of chemistry teachers and the development of valid and useable assess-
ment tools. The assessment tools were tried out by those teachers who
underwent the professional development. They tried the newly developed
assessment tools, both on their peers as well as on their students in their
schools. This procedure helped to improve the validity and usability of the
tools (Levy Nahum, 2000).

The third stage was mainly devoted to the implementation of the pro-
gram and the assessment of students’ achievement and progress. Also, at
this stage, we were involved in evaluating the impact of the program on

TABLE II

Components of Inquiry-Type Experiments (Criteria for Assessment) and Instructions
Given to Students Regarding the Performance of Each Component

Component of inquiry-type experiment Instructions given to students

Definition of the problem (hypothesis) Try to define the problem and to hypothesise.
and asking relevant questions
Planning of the experiment Try to plan your experiment accurately, logically,

interestingly and efficiently. Present your
assumptions at each stage, act independently, and
prepare an equipment list.

Performance of the experiment Follow the safety rules (and instructions); use the
proper tools and be careful with the materials.

Observation of phenomena Observe carefully the materials and changes that
occur during the experiment and write them down
in your notebook.

Organising and analysing of data, Use concise, exhaustive expressions; refer to
interpretations, and conclusions unclear observations; distinguish between

assumptions, explanations and conclusions and
reports. Organise your findings in tables or graphs.
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the teachers and students, and finally in assessing students’ perceptions
regarding the laboratory learning environment. This information was ob-
tained using a combination of quantitative and qualitative methods. It was
thought that using quantitative measures and interpreting the results quali-
tatively would provide more credible and authentic insights in our effort
to probe students’ perceptions of the laboratory learning environment
(Tobin & Fraser, 1998).

3.2. Sample

The sample consisted of two groups of students, the inquiry and the con-
trol groups. The inquiry group consisted of 130 eleventh grade students
and the control group consisted of 185 eleventh grade students. The two
groups comprised students who opted to study chemistry beyond the tenth
grade (where chemistry is compulsory). In addition we had a group of ten
teachers who were involved in the inquiry program.

3.3. Learning in the Chemistry Laboratory

In the inquiry-type laboratories, the students work cooperatively in small
groups (3–4 students each) on inquiry tasks, namely: asking relevant ques-
tions, planning an investigation, hypothesising, observing and recording
phenomena (for more details about the various activities in which the stu-
dents were involved, see Table II).

Lazarowitz and Tamir (1994) characterise cooperative learning in the
science laboratory as peer tutoring in small investigative groups. They sug-
gest that, in such laboratories, the learning environment is highly affected
by the fact that the students are free to study at their own pace, ask ques-
tions, interact with each other and with their teachers, and seek informa-
tion from various sources.

On the other hand, the traditional chemistry laboratory is very task-ori-
ented and thus leaves the students with very few opportunities to engage
in the mentioned activities. It should also be noted that the inquiry group
usually spends more time in the laboratory compared with the amount of
time spent by the control group.

3.4. Professional Development of the Chemistry Teachers

The inquiry-type laboratory experiments are very much ‘student-centred’
activities. Thus, the science teachers operate in a more demanding learn-
ing environment in which they can face unforeseen and unplanned situa-
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tions and phenomena posed by the students. This requires that teachers are
more open-minded regarding their role, and are more tolerant, encourag-
ing and flexible (Hofstein & Walberg, 1995). In order to implement learn-
ing by inquiry in the science classroom and laboratory, it is essential that
the teachers have first-hand experience with all the cognitive dimensions
and practical stages that characterise such experiments. This should include
asking questions, designing experiments to answer research questions,
conducting the experiments, etc. It is suggested that these could only be
attained by providing the teachers with comprehensive professional de-
velopment courses.

Altogether, the teachers who participated in the program had an oppor-
tunity to try out about 40 experiments. These experiments were also con-
ducted in small investigative groups similar to the way in which they would
be conducted by their respective students. The professional development
took place over a period of three years (teachers met once every month
for about five hours). In these workshops, teachers worked with the pro-
gram leaders who provided them with support and guidance regarding
the implementation of the inquiry program. Thus, the professional de-
velopment had a continuous and long-term flavour (an approach that has
been highly recommended in recent years by, for example, Loucks-Hor-
sley, Hewson, Love & Stiles (1998). It is suggested that such intensive
and comprehensive professional development would ensure that teacher
strategies in the laboratory would be aligned with the objectives of the
inquiry approach.

3.5. Measures Used to Assess the Impact of the Program

3.5.1. Students’ Perceptions (Quantitative Data)
In order to assess the students’ perception of the chemistry laboratory learn-
ing environment, we used a Hebrew version of the Science Laboratory
Environment Inventory (SLEI) (originally developed in Australia by Fraser
et al., 1993, and validated in Israel by Hofstein et al., 1996). This instru-
ment has separate actual and preferred versions. Each version consists of
70 items (two items were deleted due to reliability considerations) in eight
scales. (For details about the SLEI, see Table I).

The actual and preferred versions of the ‘SLEI’ were administered
amongst the inquiry group (N = 130) and amongst the control group (N =
185).

3.5.2. Students’ and Teachers’ Perceptions (Qualitative Data)
Information regarding the students’ attitudes and perceptions of the labo-
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ratory learning environment and the inquiry approach was obtained mainly
from feedback questionnaires administered by their respective teachers and
also from structured interviews conducted with several students.

4. RESULTS

4.1. Quantitative Analysis of Students’ Perceptions of the
Chemistry Laboratory Learning Environment

4.1.1. Comparison of the Students’ Actual and Preferred
Perceptions of the Learning Environment

The actual and preferred mean scores for students’ perceptions of the chem-
istry laboratory learning environment in the two groups were compared
using t-tests. The results are presented in Tables III and IV, respectively,
for the actual and preferred forms.

A multiple discriminant analysis was used to derive weights for the eight
SLEI scales in order to separate them maximally in discriminant space.
For the actual form, the value of Wilks’ λ associated with one discriminant
function was 0.37 and the F value associated was 62.6 (df = 8, p < 0.001).
For the preferred form, the value of Wilks’ λ was 0.73 and the F value
was 13.70 (df = 8, p < 0.001). Wilks’ λ provides a multivariate test for the
statistical significance of the overall differences among several group
means in multivariate analysis of variance (Tatsuoka, 1971).

These findings suggest that perceptions of actual and preferred learn-
ing environment differ significantly (more pronounced in the actual form)
between the inquiry and the control groups. From Table III, it is clear that
the most predominant differences are for the scales of Open-Endedness,

TABLE III

Differences Between Inquiry Group and Control Group on Actual Form of SLEI

Scale Inquiry group Control group t p
Mean SD Mean SD

Teacher supportiveness 4.26 0.57 4.22 0.53 0.64
Involvement 3.94 0.43 3.42 0.45 9.99 0.000
Student cohesiveness 3.87 0.47 3.80 0.48 1.39
Open-endedness 3.27 0.49 2.20 0.41 20.43 0.000
Integration 4.08 0.54 4.20 0.57 –1.99 0.047
Organisation 4.00 0.42 3.85 0.48 2.77 0.005
Rule clarity 3.69 0.48 3.62 0.60 1.08
Material environment 3.71 0.59 3.55 0.53 2.52 0.012

The sample size was 129 students in the inquiry group and 183 students in the control group.
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Involvement, and Material Environment, for which the inquiry group stu-
dents scored significantly higher than the control group.

On the other hand, the control group scored significantly higher on the
scale that assesses the level of Integration of laboratory practices with class-
room discussions, teachers’ whole-class lectures and small-group coop-
erative learning.

4.1.2. Differences Between the Actual and Preferred Laboratory
Learning Environment

It has been suggested that the discrepancy between the actual and the pre-
ferred learning environment provides an indication of the effectiveness of
a certain innovation, instructional technique or new program. The values
(mean preferred-mean actual) for the two groups, together with the results
of a series of t-tests for the eight sub-scales, are presented in Table V.

From Table V, it is clear that the differences between actual and pre-
ferred learning environments in the inquiry group are significantly lower
compared with the control group for Open-Endedness, Involvement, and
Integration.

4.2. Qualitative Results

Several interviews were conducted with students and teachers who par-
ticipated over a period of two years in the inquiry-type laboratories. The
following are a few quotes from the audio-recording of these interviews.
The SLEI scale to which each quote is relevant is indicated in brackets.

In interviews conducted with students, the following comments were
made:

TABLE IV

Differences Between Inquiry Group and Control Group on Preferred Form of SLEI

Scale Inquiry group Control group t p
Mean SD Mean SD

Teacher supportiveness 4.59 0.46 4.47 0.58 2.08 0.0385
Involvement 4.05 0.47 3.94 0.59 1.86
Student cohesiveness 4.17 0.47 4.10 0.61 1.21
Open-endedness 3.56 0.57 3.01 0.64 7.76 0.0001
Integration 4.01 0.65 4.33 0.65 –4.30 0.0001
Organisation 4.26 0.48 4.22 0.62 0.56
Rule clarity 3.82 0.49 3.87 0.69 –0.66
Material environment 4.27 0.72 4.25 0.66 0.22

The sample size was 129 students in the inquiry group and 183 students in the control group.
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• It gave me an opportunity to develop independent thinking. (Open-Endedness)
• The experiments were connected to the topics and to the concepts that were dis-

cussed in the chemistry classroom; thus it helped me to better understand what is
going on. (Integration)

• I found out that the most difficult part of the inquiry exercise was the design of the
experimental setting and the asking of relevant questions. However, it was chal-
lenging. (Open-Endedness)

• I enjoyed sharing ideas and cooperating with my peers in the group. (Student
Cohesiveness)

• The fact that we had information about the assessment criteria helped us a lot.
(Involvement)

• We got all the materials and equipment that we needed. (Material Environment)
• I enjoyed very much working with my friends on the experimental assignments.

(Student Cohesiveness)
• The teacher was always around to help, support and encourage. (Teacher Sup-

portiveness)

Interviews also were conducted with teachers. An indication of satisfac-
tion with the program and a feeling that introducing inquiry approaches to
the chemistry laboratory had a positive impact on the learning environ-
ment were also obtained from interviewing the participating teachers:

• It matches perfectly with my way of thinking regarding how I teach and how my
students learn.

• I have flexibility in selecting inquiry experiments so that they will be tailored to
my students’ abilities and interests.

• My students enjoy what they do. I believe that these experiences improve my stu-
dents’ attitude towards chemistry.

• The inquiry lab provided me with a new method to assess the progress of my students.
• It helped me in varying the instruction of high school chemistry.

TABLE V

A Comparison of Actual-Preferred Discrepancies for the Inquiry Group and the
Control Group

Scale Actual-preferred discrepancy t p
Inquiry group Control group

Teacher supportiveness 0.33 0.25 –1.44
Involvement 0.11 0.51 6.89 0.0001
Student cohesiveness 0.30 0.31 0.04
Open-endedness 0.28 0.81 6.91 0.0001
Integration –0.06 0.13 3.10 0.0021
Organisation 0.26 0.37 1.94 0.0500
Rule clarity 0.13 0.24 1.78
Material environment 0.56 0.70 2.03 0.0400

The sample size was 129 students in the inquiry group and 183 students in the control group.
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5. DISCUSSION AND SUMMARY

In regard to the students’ perceptions of the laboratory learning environ-
ment, the gap between the actual and preferred learning environment on
various scales was significantly smaller in the inquiry group than in the
control group. Also, with regard to the actual learning environment, the
most predominant and statistically significant differences were observed
for the Open-Endedness and the Involvement scales, with the inquiry group
having much more favourable perceptions than the control group. These
findings indicate a significant improvement in perceptions of the labora-
tory learning environment as a result of their laboratory experiences.

It was noted that regarding the preferred learning environment that only
small differences between the two groups occurred. This means that the
expectations are similar no matter to what type of laboratories high school
chemistry students are exposed.

We observed that students perceived that they were more involved in
the learning process and found the procedures more open-ended. These
findings are in alignment with recent trends to enhance the involvement
of students in the learning process and in constructing their knowledge of
scientific concepts and processes.

Welch, Klopfer, Aikenhead and Robinson (1981) describe inquiry learn-
ing as generally associated with much involvement on the part of the
students. For example students who learn by inquiry approaches are
responsible for developing their own answers to questions rather than
exclusively relying on the teacher and/or textbooks.

A comparison of actual-preferred differences in laboratory learning
environment revealed that Integration of the laboratory experiences with
other pedagogical interventions and classroom instructional techniques was
associated with a significant reduction in the magnitude of the differences.
In other words, the inquiry group found the actual learning environment
significantly more aligned with their preferred environment compared with
the control group. The results obtained from student interviews provided
another source of information regarding the laboratory learning environment.

The inclusion of the results of interviews with students in this study could
be regarded as a method for validating the SLEI for its sensitivity to dif-
ferent instructional techniques used in science. Learning science by inquiry
is advocated in the literature as an effective and authentic method used by
students to develop and construct a knowledge base and an understanding
of scientific ideas and concepts. Moreover, it provides the science teacher
with a tool for improving instruction and this should lead to an improved
learning environment.
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New standards in science education are being advocated that reflect the
current vision of content, pedagogy, students’ assessment of the classroom
environment, and the support necessary to provide a high-quality educa-
tion for all students. We operate in an era in which we have observed a
revival of the inquiry approach in science teaching and learning.

In the Israeli case, the introduction of inquiry-type experiments into the
chemistry laboratory was a ‘breath of fresh air’ in the way in which chem-
istry is being taught and learned. All this was an attempt to improve learn-
ing and the learning environment in science laboratories.
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