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Abstract
The aim of the research was to optimize the effectiveness of student learning based on experimental work in chemi-

stry classes in Slovenian primary schools. To obtain evidence about how experimental work is implemented during

regular chemistry classes, experimental work was videotaped during 19 units of chemistry lessons at 12 Slovenian

primary schools from the pool of randomly selected schools. Altogether 332 eight-grade students were involved in

the investigation, with an average age of 14.2 years. Students were videotaped during chemistry lessons, and their

worksheets were collected afterward. The 12 chemistry teachers, who conducted lessons in these schools, were inter-

viewed before the lessons; their teaching plans were also collected. The collected data was analyzed using qualitati-

ve methods. The results indicate that many teachers in Slovenian primary schools are not fully aware of the potential

of experimental work integrated into chemistry lessons for the development of students’ experimental competence.

Further research of the value of different kinds of training to support teachers for the use of experimental work in

chemistry teaching is needed.

Keywords: chemistry education, demonstration-based experimental work, experimental work, students´ hands-on ex-

perimental work,

1. Introduction

Experimental work in chemistry curricula has an
important role because it is a cornerstone of scientific lite-
racy.1–5 Experimental work is essential in the teaching and
learning of chemistry as it brings together several activi-
ties with different objectives, but its implementation is al-
so a cost burden for the school. Therefore, the planning of
its implementation needs to be based upon the effective-
ness of the envisaged performance for achieving the lear-
ning objectives.6,7 This article focuses on a study of the in-
tegration of experimental work in the teaching and lear-
ning of chemistry in Slovenia from the perspective of the
chemistry teachers’ awareness of the potential of specific
experiments integrated into chemistry lesson for the deve-
lopment of students’ experimental competence, as well as
teachers’ ability to set learning objectives relevant to the
teaching plan and use of learning materials related to ex-
perimental work in the classroom.

1. 1. The Role of Experimental Work in the
Teaching and Learning of Chemistry
Experimental work is generally considered the main

method of teaching in science education;3 therefore, it is
an important building block of science education.8,9 Un-
fortunately, the teachers often use the experimental work
in teaching chemistry mainly because it is required in the
(national) chemistry curriculum.10,11 Hofstein, Kipnis, and
Abrahams4 indicate that teachers sometimes interpret the
purposes and aims for learning with experimental work
differently than specified in the chemistry curriculum. Be-
cause experimental work combines experimental activi-
ties with different objectives,6 in the planning of such
work, it is necessary to think about the effectiveness of
students’ foreseen activities for achieving the learning ob-
jectives.7

One of the main objectives of the experimental work
is that students recognise a connection between observa-
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tion and thinking about the observed phenomena, i.e. bet-
ween the real world and the thought depicting the world.
Tobin12 stated that learning with experimental work is
possible when the students can manipulate equipment and
materials, and thereby simultaneously they build their
knowledge of chemical concepts and related science con-
tent. Students should take advantage of experimental
work to more easily understand the link between theory
and the experimental activity.13

Unfortunately, teachers often do not think about ex-
perimental activities as a primary main asset, which provi-
des pupils with a sensible knowledge about science. Also
many teachers do not involve pupils in the experimental
work in a way that would encourage the development of
science concepts and do not believe that they should help
pupils to develop understanding between observation and
science facts.14 Abrahams and Millar7 found in the imple-
mentation of the experimental work that teachers are often
aware only of learning of the new knowledge of chemical
concepts, but not the purpose of the use of experimental
work to develop understanding of scientific knowledge in
general as well as the development of experimental skills.

1. 2. Effectiveness of School Experimental
Work
Millar et al.6 proposed a four-step model for measu-

ring the effectiveness of experimental work. 
The starting point of this model is the teacher’s lear-

ning objectives (A) or what he/she wants students to learn.
This can be a specific part of the substantial subject know-
ledge or a specific viewpoint on the process of natural
science research (e.g. collection, analysis, or interpreta-
tion of empirical evidence). Once a teacher decides on the
learning objectives, the next step is the design or the se-
lection of experimental tasks for the learners (B) to enab-
le their achievement. The next stage of the model includes
consideration about what students actually do (C) when
they pursue the task. The last stage deals with what the
students actually learn (D) during the experimental task.6

In this way, Millar’s model distinguishes two mea-
nings of effectiveness: (1) effectiveness level 1 - what the
teacher wanted the students to do and what students were
actually able to do (comparison of steps B and C), and (2)
effectiveness level 2 – what the teacher wanted students to
learn and what students actually learned (comparison of
steps A and D).6

The important purpose of experimental work in
science at school is to help students to make connections
between real objects, materials, and events, and the ab-
stract world of thoughts and ideas.6 According to Tiberg-
hien15 experimental work intended to help students is defi-
ned as a connection between the two levels of knowledge:
the level of objects and observations (o) and the level of
ideas (i). Abrahams and Millar7 found that experimental
work is appropriate for students to learn how to deal with

laboratory equipment but is less efficient in facilitating
students’ learning based on the collected data for the de-
velopment of scientific ideas.

Properly integrated experiments in the interpretation
of the new concepts facilitate the linking and understan-
ding of three basic levels of the perception of chemical
concepts: macroscopic, submicroscopic or particulate,
and the symbolic level.16 Therefore, the experiment (con-
ducted either as a demonstration or an individual or group
work of students) needs to be an integral part of any inter-
pretation of chemical content in the class.16,17 To support
students in meaningfully connecting the results of the ex-
perimental work with the discussed chemical concepts
and in learning how to present them on the symbolic and
particulate level, the teachers should strive for the integra-
tion of knowledge and experimental work.18 Furthermore,
Solomon19 stated that the observation of changes during
the experimental work alone does not ensure students’ un-
derstanding of presented concepts. Solomon19 believes
that learning with experimental work is effective if stu-
dents’ thinking is facilitated by connecting the visual per-
ception of phenomena with the already known science
concepts.

Mancy and Reid20 found that experimental work can
cause an overload of information for students, accompa-
nied by very little the actual learning (in the sense of un-
derstanding). Johnstone and Wham21 associated students’
overload during the experimental work with the need to
remember theoretical facts, names of apparatus and mate-
rials, written and oral instructions about the procedure and
new skills. It is, therefore, reasonable that teachers plan
experimental work in such a way that students focus on
what is truly important, that they enable students to beco-
me familiar with the objectives of the experimental tasks
prior to the experimental work, and that they provide stu-
dents’ the opportunity to discuss steps of the experimental
tasks.22

In an attempt to reduce the cognitive load of learners
and simplify the experimental work, teachers began to use
the written instructions according to the step-by-step prin-
ciple.23 Furthermore, in Hofstein and Lunetta’s14 opinion,
the role of learning tools, such as instructions (workbook
or worksheet) is important in the teaching of experimental
work. In their opinion, teaching materials help learners in
focusing attention. Well-prepared instructions provide in-
formation about exactly how something should be done
and what students need to observe, which measurements
must be carried out, and what information they need to
collect in order to be able to answer the questions and
form the conclusions of the experimental tasks.

To recall the most important information before the
experimental work, it is sometimes suggested to use pre-
experimental activity,24 which is perceived both as a
means for reducing the workload with the information and
also to interest the students in experimental work. The pri-
mary purpose of the pre-experimental activity is to focus
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and prepare students for learning.24 Reid and Shah24 defi-
ne the importance of the pre-experimental activity as en-
couragement for students to think during the experimental
work; preparation of students for the experimental work;
the guidance of students during their consideration of the
procedures or chemical concepts; encouragement of stu-
dents to connect the experimental work with the new con-
cepts and previous knowledge, etc. Investigation of the ef-
fectiveness of pre-experimental activity confirmed its ef-
fectiveness and indicated that the students also form a mo-
re positive attitude towards experimental work in this
way.25

Abrahams and Millar7 propose discussing the expe-
rimental activities also in the follow-up lesson, which is
defined as a post-experimental activity. Reid and Shah24

propose that in the context of the post-experimental acti-
vity it is necessary to facilitate meaningful reflection on
the experimental work, which can result in many benefits
for the development of chemical concepts and processes.
However, Abrahams and Millar7 note that in the case that
there is a pause between the experimental activity and the
discussion about the experimental work, the efficiency of
the understanding of tasks decreases, so it is best to carry
it out directly after the completion of the experimental
work.

2. The Context and the Purpose 
of the Study

Experimental work has a central role in chemistry
curricula at all educational levels;1–5 consequently, the
planning and implementation of experimental work in the
teaching process need to facilitate achieving the stated
learning objectives. It was found that teachers sometimes
interpret the purposes and aims for learning with experi-
mental work differently than specified in the chemistry
curriculum.4 With regard to experimental work Slovenian
chemistry curriculum2 indicates the objectives that are re-
lated to: (1) students’ acquiring of content knowledge, (2)
development of students’ experimental skills and abilities,
and broader (3) students’ development of natural science
competences. Because experimental work combines expe-
rimental activities with different objectives, it is necessary
to think about the effectiveness of students’ foreseen acti-
vities for achieving the learning objectives in its planning,
as well the use of written materials.6,7

In the present article we use the term demonstration-
based experimental work when experimental activity is
based on a frontal presentation of the experiment by the
teacher or the individual student, while the remaining stu-
dents observe its implementation. We use the term stu-
dents´ hands-on experimental work to denote experimen-
tal activities in which students conduct all experimental
activities by themselves. In order to address the holistic
potential of experimental work in supporting students’ de-

velopment with regard to curriculum objectives,2 the term
students’ experimental competencies is used. 

The case study presented in the paper is part of a
major multiple-case study,26 aimed at examining teachers’
concepts of learning and teaching. In particular, we fo-
cused on studying the authentic information from the
school practice in Slovenia related to the implementation
of experimental work in regular chemistry lessons at the
primary level of education. Data collection, analysis and
interpretations have been carried out within an interpreta-
tive constructivist approach.27

With regard to the research aim, the following re-
search questions (RQ) were defined:
– RQ1: Are the chemistry teachers in primary schools

aware of the potential of specific experiments integrated
into chemistry lesson for the development of students’
experimental competences?

– RQ2: How are the worksheets used during the experi-
mental work in chemistry lessons?

– RQ3: Is teachers’ awareness of the objectives of experi-
mental work related to students’ understanding of the
experimental work?

3. Method

3. 1. Sample
In September–December 2011 we invited 52

schools, based on a stratified random selection from 452
primary schools across 12 statistical regions in Slovenia
(list of schools available at the homepage of Ministry of
Education, Science and Sport28), to collaborate in the re-
search. Fifteen schools from different statistical regions
gave a positive response to the invitation. After discussing
and coordinating the terms of the research with teachers,
12 schools from five statistical regions (Osrednjesloven-
ska, Gorenjska, Obalno-kra{ka, Notranjsko-kra{ka, and
Jugovzhodna) decided to collaborate in the research. The
research collaboration included 12 chemistry teachers and
a total of 332 eight-grade students, with an average age of
14.2 years; 191 students took part in lessons involving stu-
dents’ hands-on experimental work, while the remaining
141 students took part in lessons involving demonstration-
based experimental work. To ensure anonymity, teachers’
and students’ data was collected by the use of code-na-
mes. In this article, the collaborating teachers are code-na-
med by using the first 19 letters of the English alphabet
from teacher A to teacher T (the letter Q is skipped), based
on the nineteen recorded lessons.

3. 2. Instruments

The following instruments were used for gathering
the data in the interviews, which were audio recorded:
• The Questionnaire for Teachers is a list of four open-

ended questions used in structured interviews with the
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collaborating teachers before they conducted their unit-
lessons with experimental work. It consists of questions
about three themes: (I) Teachers’ opinion on the general
objectives of experimental work in chemistry teaching;
(II) Teachers’ use of written instructions (workbook or
worksheet) for students during the experimental work;
(III) Teachers’opinion on the specific objectives of expe-
rimental work in particular chemistry lesson and stu-
dents’ learning during experimental work. 

• The Questionnaire for Students used for conducting
structured interviews with the participating students af-
ter the unit-lesson including experimental work includes
nine open-ended questions, to check their practical and
theoretical understanding of the experimental task, and
were structured into the following sections: (I) Students’
understanding of the content knowledge related to the
experimental work; (II) Students’ procedural knowledge
related to the experimental work, and (III) Students’ un-

Scheme 1: Research design of the investigation

Research design is presented in the Scheme 1.



665Acta Chim. Slov. 2017, 64, 661–671

Logar et al.:  Effectiveness of Student Learning during   ...

derstanding of the usefulness of the obtained knowledge
in everyday life. In each of the sections, students were
asked three questions. The questions for students varied
from one unit-lesson to another as different contents we-
re used, in particular regular unit-lessons at their school.

During video recording of the unit-lessons in chemi-
stry classrooms four cameras were used simultaneously,
thereby one camera has been placed in each of the corners
of the classroom.

The full texts of the instruments can be obtained by
request from the authors.

3. 3. Data Collection

In this study, we used multiple sources of data col-
lection (individual interviews, classroom observation, and
other documents) because: (a) each source provided data
from a particular point of view; (b) the sources generated
questions and suggestions for each other; (c) the various
sources gave a variety of perspectives on particular beliefs
and positions; and (d) the information obtained through
one source could be cross-checked with the others.29 The
research proceeded through several phases; an outline of
the main phases of the investigation is presented in Ad-
vance Organiser (Scheme 1).

Before starting the research, the consent of the Com-
mission for Ethics, Faculty of Arts, University of Ljublja-
na was obtained. Students’, teachers’, and parents’ con-
sent of free and conscious decision for the participation in
the survey was obtained from all participants.

We video-recorded the unit lessons at Slovenian
schools during the spring of 2012. The recording took pla-
ce during regular chemistry lessons, and four cameras we-
re used simultaneously. We recorded and observed ten
unit-lessons involving students’ hands-on experimental
work and nine lessons involving demonstration-based ex-
perimental work for a total of nineteen lessons, comprised
of twenty-one classroom hours. In addition to the video
recordings of 19 unit lessons, we also collected the teac-

hers’ written lesson plans for the experimental work and
audio-recorded interviews with teachers before conduc-
ting the unit lesson. We recorded unit lessons which lasted
for one or two classroom hours, depending on the deci-
sions of the collaborating teachers. After the recording,
we randomly selected four students from each class, who
were invited to take part in the interview (altogether 73
students were interviewed out of 332 participating eight-
grade students – see details in Scheme 1). The interview
was conducted without the presence of the teacher (only
the student and the 1st author were present). We also pho-
tocopied the learning materials (the worksheet, workbook,
and notebook), which these students used during the unit
lesson.

The teachers could address different contents in
their lessons and experiments, as the specific learning
contents of the experimental work were not the object of
the study. In the studied lessons, the following contents of
the curriculum for chemistry in primary school2 were co-
vered: (1) particulate nature of matter (N = 4), chemical
reactions (N = 6) and acids, bases and salts (N = 9).

3. 4. Data Analysis

The data collected was analysed in order to answer
to the particular research questions as indicated in the
Table 1.

Ten percent of particular data sources were indepen-
dently analysed by two researchers (1st author, 3rd author)
to ensure coding reliability and validity of the data.30,31

Their consistency in determining the categories was 91 to
95 percent. The inconsistencies between researchers were
simultaneously synchronised through discussion. Even-
tually, the coding schemes were applied to all data. 

In the analysis of the videotapes of the chemistry
lesson were examined in time sequences of five seconds.
For the purpose of this study, the Flanders Interaction
Analysis Chart (Slovenian version by Marenti~-Po`ar-
nik)32 was elaborated for observations of the students and

Table 1: Research questions and data sources analysed

Research questions Data sources
RQ1 Are the chemistry teachers in primary • Audio recordings of the interviews with

schools aware of the potential of any teachers before chemistry lessons

specific experiments integrated into • The teachers’ unit lesson plans

chemistry lesson for the development of

students’ experimental competences?

RQ2 How are the worksheets used during the • Audio recordings of the interviews with

experimental work in chemistry lessons? teachers before chemistry lessons

• Students’ worksheets

• Video recordings from the chemistry lessons

RQ3 Is teachers’ awareness of the objectives of • Audio recordings of the interviews with

experimental work related to students’ teachers before chemistry lessons

understanding of the experimental work? • Audio recordings of the interviews with

students after chemistry lessons
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the teacher when conducting experimental work, in parti-
cular the teacher talk and student silence or confusion sec-
tions were adapted to the events taking place throughout
the experimental work (e.g. asking questions: about the
theoretical basis of the experimental work, on how to exe-
cute the experimental work tasks, about laboratory uten-
sils, reagents, work safety, correlations between observed
results of the work and already known facts, designating
constants and variables in order to set a hypothesis, about
the result of the work, using the results in other situations,
etc.).

To determine the effectiveness of particular lessons,
consequently various sources were analysed with the
scheme for planning and evaluating of experimental work
modelled after Millar et al.6 on the basis of the analytical
framework for evaluating of the efficiency of experimen-
tal tasks7. The theoretical framework of Millar’s model6 is
in detail explained in the introductory part of the paper,
accordingly the analysis was based on four steps (A – the
teacher’s learning objectives, B – the design or the selec-
tion of experimental tasks for the learners, C – considera-
tion about what students actually do, D – what the stu-
dents actually learn), that eventually determine the effecti-
veness of experimental work on level 1 (comparison of
steps B and C) and the effectiveness of experimental work
on level 2 (comparison of steps A and D). The rubrics de-
veloped for the purpose of the analysis can be found in the
Appendices.

4. Results and Discussion

4. 1. Chemistry Teachers’Awareness of the
Potential of Specific Experiments Inte-
grated Into Chemistry Lessons for the
Development of Students’ Experimental
Competences 
Based on the interviews conducted with chemistry

teachers, we determined that few teachers (N = 3/19) in
Slovenian schools are aware of all the foreseen curriculum
objectives2 they could achieve using experimental work,
i.e. objectives related to students’ acquiring of content
knowledge, development of students’ experimental skills
and abilities, and students’ development of natural science
competences. 

Similarly, to what Abrahams and Millar7 found, also
in Slovenia most teachers (N = 9/19) are aware of content
objectives while planning the experimental work. 

A typical teacher comment (Teacher D): 
“During experimental work students learn to under-

stand, where some substances dissolve and where they
don’t dissolve, they learn why substances dissolve based
on their structure.”

Some teachers (N = 6/19) are in addition to content
objectives also aware of the objectives related to the deve-

lopment of students’ experimental skills and abilities. 
A typical teacher comment (Teacher K): 
“When students use hands-on experimental work,

they learn to measure the temperature changes in chemi-
cal reactions and also how to correlate the changes of
temperature with energy changes in chemical reactions.”

Only a few teachers (N = 3/19) are aware of content
objectives, objectives related to the development of stu-
dents’ experimental skills and abilities, and objectives re-
lated to broader nature science competence, as foreseen in
the curriculum.2

A typical teacher comment (Teacher R):
“I believe that the purpose of experimental work is

to enable the development of students in many ways, e.g.
students should learn to establish a hypothesis; create a
plan for the experiment; be able to recognize and write
down the utensils and chemicals needed to carry out the
experiment; designate the constants and variables; carry
out the experiment; observe the changes during the expe-
riment and write down their observations. They should al-
so develop their experimental skills and abilities, take ca-
re of safety, analyse the results, and through all of this
learn new chemistry concepts and understand the proces-
ses.”

Based on the results, it seems that many teachers in
Slovenian primary schools plan the integration of experi-
mental work into lessons primarily intuitively and that
many teachers are not fully aware of the potential of spe-
cific experiments integrated into chemistry lesson for the
development of students’ experimental competences,
which agrees with the findings of other researchers.4, 7

4. 2. The Use of Worksheets for Students
During the Experimental Work 
From the interviews with chemistry teachers, we

found that for students’ hands-on experimental work teac-
hers prepare worksheets (N = 19/19), however, while
planning demonstration-based experimental work the ma-
jority develops worksheets (N = 17/19). When comparing
the results of the interviews with chemistry teachers and
the analysis of the students’ worksheets used during expe-
rimental work, we found that only a few teachers (N =
3/19) prepare worksheets for experimental work in accor-
dance with their stated unit-lesson objectives in the inter-
view. 

Based on the analysis of video recordings from the
chemistry lessons including experimental work and the
accompanying worksheets, we see that students working
with demonstration-based experimental work (Table 2)
solve their worksheets better and with fewer mistakes in
comparison with students doing students’ hands-on expe-
rimental work (Table 3). Students taking part in demon-
stration-based experimental work finished 75.0–100.0%
(Table 2) of all tasks on their worksheets, whereas stu-
dents taking part in students’ hands-on experimental work
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finished 18.8–100.0% of their worksheets (Table 3). Addi-
tionally, the number of correctly solved worksheets of the
students taking part in demonstration-based experimental
work is 94.8% (Table 2), while for students taking part in
students’ hands-on experimental work, only 81.0% of
them solved it entirely correctly (Table 3). Therefore, the
results show an advantage of the demonstration-based ex-
perimental work, which is based on the teacher having an
active role, as he leads and directs the students towards
observing and efficiently recording their results.4 

Despite the majority of teachers preparing works-
heets for the students when using demonstration-based
experimental work, they rarely give their students feed-
back after the work is finished (N = 2/7); when that hap-
pens, the tasks are solved with an accuracy of
95.7–100.0% (M = 97.9%). When the teachers do not
check the worksheets, these are solved with an accuracy
of 71.8–100.0% (M = 93.5%) (Table 2). 

All teachers prepare worksheets for the students
when using students’ hands-on experimental work in che-
mistry teaching (N = 10/10). The high percentage of cor-
rectly solved worked sheets is seen when the teacher gives
students feedback about the answers on the worksheet af-
ter the work is finished. In these cases, the work percenta-
ge of worksheets solved correctly varies 75.8–100.0% (M
= 89.5%). When the teacher does not give students feed-
back after the work is finished, the percentage drops down
to a range of 43.9–95.1% (M = 75.3%) (Table 3). 

On the basis of the results, we can conclude that the
students follow the instructions of the teacher well and ac-
complish the predicted assignments required to be follo-
wed during experimental work. However, all teachers are
not aware of all the objectives of experimental work (as
found in RQ1); therefore, they do not include these objec-
tives into their worksheets, and, in these cases, the stu-
dents also do not achieve all the objectives that they could.

Table 2: Analysis of collected data when evaluating the worksheets, the students used during demonstration-based experimental work.

Students solving worksheets while taking part in demonstration-based experimental work

Correctly solved 
Teacher checks the

Teachers Solved worksheets [[%]]
worksheets*[[%]]

worksheet at the end 
of the experimental work.

Teacher A 97.2 100.0 yes
Teacher B 100.0 100.0 no

Teacher C 93.6 71.8 no

Teacher H 96.3 95.7 yes
Teacher I 75.0 100.0 no

Teacher J 83.3 100.0 no

Teacher O 88.2 95.8 no

Teacher S No worksheet / /

Teacher T No worksheet / /

Average value 90.5 94.8

*Percentage of correctly solved worksheet among solved worksheets.

Table 3: Analysis of collected data when evaluating the worksheets, the students used during students’ hands-on experimental work.

Students solving worksheets while taking part in demonstration-based experimental work

Correctly solved 
Teacher checks the

Teachers Solved worksheets [[%]]
worksheets*[[%]]

worksheet at the end 
of the experimental work.

Teacher D 100.0 75.8 yes
Teacher E 18.8 87.9 no

Teacher F 100.0 82.1 yes
Teacher G 68.3 43.9 no

Teacher K 97.5 100.0 yes
Teacher L 65.0 90.4 no

Teacher M 100.0 100.0 yes
Teacher N 40.0 61.4 no

Teacher P 100.0 72.9 no

Teacher R 98.1 95.1 no

Average value 78.8 81.0

*Percentage of correctly solved worksheets among all the solved worksheets.
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4. 3. Relation Between Teachers’Awareness
of the Objectives of Experimental Work
and the Students Understanding of the
Experimental Work 

Based on the analysis of interviews with the teachers
and students in accordance with the scheme modelled after
Millar et al.,6 we can summarise that the teachers’ aware-
ness of the objectives of experimental work affects the stu-
dents understanding of the experimental work (effective-
ness of experimental work level 2). This is the most noti-
ceable for the teachers who are fully aware of all the objec-
tives of experimental work as stated in the curriculum.2

When planning demonstration-based experimental
work (Table 4), we found out the teacher (N = 1/9) who is
fully aware of all the objectives of experimental work has
students who understand experimental work in 100.0% of
their cases have appropriate skills and abilities in 89% of
their cases. We found that teachers (N = 8/9) who are not
fully aware of all the objectives of experimental work ha-
ve students who understand experimental work in
0.0–50.0% (M = 29.6%) of the cases and have appropria-
te experimental skills and abilities in 16.7–70.8% of the
cases (M = 47.7%). 

Regarding students’ hands-on experimental work, we
can see in Table 5 that teachers (N = 2/10) who are fully
aware of all of the objectives of experimental work have stu-
dents, who understand experimental work in 50.0–75.0%
(M = 62.5%) of the cases and have appropriate experimental
skills and abilities in 62.5–79.2% (M = 70.9%) of the cases.
However, when planning students’ hands-on experimental

work, we found that teachers (N = 8/10) who are not fully
aware of all the objectives of experimental work have stu-
dents who understand experimental work in 12.5–75.0% (M
= 31.3%) of the cases and have appropriate experimental
skills and abilities in 50–66.7% (M = 59.1%) of the cases.

It can be concluded that the teacher’s holistic aware-
ness of the objectives of experimental work is connected
with the knowledge of the students both in demonstration-
based experimental work and in students’ hands-on expe-
rimental work. Therefore, it is essential that during experi-
mental work teachers help their students understand the
connection between the practical activity, which repre-
sents the macro level and the theory, which represents the
particulate/symbolic level. This causes the students many
problems, as it is difficult for them to connect their obser-
vations and nature science concepts and apply them to ex-
perimental data and the experiment’s conclusion.

5. Conclusions and Implications 
for School Practice

The research has indicated that many teachers in
Slovenian primary schools plan the integration of experi-
mental work into lessons primarily intuitively and that
many teachers are not fully aware of the potential of spe-
cific experiments integrated into chemistry lessons for the
development of students’ experimental competences,
which is a novel research finding for Slovenian school
practice, but has been found also in other countries.4,7,33 It
was found, that in Slovenia about a half chemistry teac-

Table 4: Analysis of collected data when evaluating the knowledge of students when the teacher is/is not aware of all the objectives of demonstra-

tion-based experimental work.

Correct student answers in the interview after
Teachers’ answers in the interview before the unit lesson about:
the unit-lesson about the objectives Understanding of Understanding of the Understanding of the

of experimental work: the conten knowledge procedural knowledge usefulness of the 

related to the related to the obtained knowledge 

experimental work [%] experimental work [%] in everyday life [%]
Teacher A 50.0 70.8 25.0 

Teacher B 37.5 58.3 50.0 
The teacher is aware of: (1)

Teacher C 20.0 40.0 20.0 
achieving content objectives.

Teacher S 12.5 16.7 0.0

Teacher T 33.3 38.9 16.7 

The teacher is aware of: (1)
Teacher H 0.0 50.0 0.0 

achieving content objectives
Teacher I 50.0 62.5 25.0

and (2) objectives related to
Teacher J 33.3 44.4 0.0 

experimental skills and abilities.

The teacher is aware of: (1)

achieving content objectives, (2)

objectives related to

experimental skills and abilities, Teacher O 100.0 89.0 75.0

and (3) objectives related to

broader nature science

competence.
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hers are aware of the content objectives while planning
the experimental work, but only about one third is also
aware of the objectives related to the development of stu-
dents’ experimental skills and abilities. Surprisingly, only
few teachers (about one sixth of the teachers in our sam-
ple) is aware also of the objectives related to broader natu-
re science competence, as foreseen in the chemistry curri-
culum.2 Additionally, in defining objectives of experimen-
tal work, it is sensible to keep in mind the potential of us-
ing experimental work to motivate students;4,8,13,16,35–37 to
popularize the natural sciences;4,13,38 and to facilitate stu-
dents’ ability to communicate.13,35,38 When selecting the
content of the experimental work in accordance with the
objectives of experimental work, the teachers should stri-
ve for the tasks to be based on either the students’ expe-
riences or everyday life38,40–43 and select and appropriate
form of experimental work based on its objectives (de-
monstration-based experimental work/students’ hands-on
experimental work).4,13,24,46

A novel finding for Slovenian school environment
derived from the presented research is also, that the majo-
rity of students can follow the instructions of the chemi-
stry teacher well and accomplish the predicted assign-
ments required to be followed during experimental work
(effectiveness level 1). Therefore, it is essential that teac-
hers understand how important it is, that they develop ade-
quate written instructions for students’ chemical experi-
mental work both in demonstration-based work and in
students’ hands-on work. Namely, it was found, that in ca-

ses, where the teachers are not aware of all the possible
objectives of experimental work and consequently that
they neglect including these objectives into their works-
heets, the students also cannot achieve all of the possible
objectives that they could (effectiveness level 2). The im-
portance of thoughtful preparation of learning materials
for students in accordance with the selected objectives for
experimental work has been pointed out also by other re-
searchers, who indicate, that it is important, e.g. to list and
name the accessories/laboratory utensils in the learning
materials (names, symbolic notation, warning picto-
grams);17,35,45 that the materials include tasks to check the
understanding of the experimental work using all three le-
vels (macroscopic, particulate, symbol level);13,14,16,44 and
to take into consideration the appropriate amount of tasks
based on the different levels of Bloom’s taxo-
nomy.17,45,49–51 

For the improvement of the quality of experimental
work in Slovenian primary school practice, it seems im-
portant, that in the future more attention is devoted to the
development of pre-service and in-service teachers’ un-
derstanding of the holistic perspective of the objectives
for particular experimental work integrated into chemistry
lesson. Although in last decades substantial efforts have
been devoted to chemistry teachers’ development of an
understanding about students’ development through im-
plementation of the curriculum framework1,2,34,47 and the
use of experimental work in chemistry teac-
hing,16,17,48,52–53 further research of the value of different

Table 5: Analysis of collected data when evaluating the knowledge of students, when the teacher is/is not aware of all the objectives of students’

hands-on experimental work. 

Correct student answers in the interview after
Teachers’ answers in the interview before the unit lesson about:
the unit lesson about the objectives Understanding of Understanding of the Understanding of the

of experimental work: the conten knowledge procedural knowledge usefulness of the 

related to the related to the obtained knowledge 

experimental work [%] experimental work [%] in everyday life [%]
Teacher D 25.0 52.2 0.0 

The teacher is aware of: (1) Teacher E 25.5 66.7 25.0 

achieving content objectives. Teacher F 37.5 62.3 25.0 

Teacher G 12.5 54.2 0.0

The teacher is aware of: (1)
Teacher K 37.5 50.0 0 .0 

achieving content objectives
Teacher L 25.0 66.7 0.0 

and (2) objectives related to
Teacher M 75.0 66.7 25.0 

experimental skills and abilities.

The teacher is aware of: (1)

achieving content objectives and (3)

objectives related to broader 
Teacher N 12.5 54.2 37.5 

naturescience competence.

The teacher is aware of: (1)

achieving content objectives, (2)
Teacher P 50.0 62.5 0.0

objectives related to experimental

skills and abilities, and (3)

objectives related to broader 
Teacher R 75.0 79.2 25.0

naturescience competence.
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kinds of training to support pre- and in-service teachers in
their development for the use of experimental work in
chemistry teaching is necessary.
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Povzetek
Namen predstavljene raziskave je bil izbolj{ati u~inkovitost u~enja ob uporabi eksperimentalnega dela pri pouku kemi-

je v slovenskih osnovnih {olah. Preu~evali smo, kako se eksperimentalno delo izvaja pri rednem pouku kemije, in sicer

je bilo posnetih 19 u~nih enot rednega pouka kemije na 12 slovenskih osnovnih {olah, ki so bile naklju~no izbrane iz

seznama {ol iz celotne dr`ave. Skupno je bilo vklju~enih 332 osmo{olcev, s povpre~no starostjo 14,2 let. U~enci so bili

posneti med poukom kemije, zbrani pa so bili tudi njihovi delovni listi, ki so jih re{evali med eksperimentalnim delom.

Z u~itelji kemije, ki so izvedli pouk v teh {olah, so bili opravljeni intervjuji, prav tako so bili zbrane njihove u~ne pripra-

ve. Pridobljeni podatki so bili analizirani z uporabo kvalitativnih metod. Rezultati ka`ejo, da se mnogi u~itelji v sloven-

skih osnovnih {olah v celoti ne zavedajo potenciala eksperimentalnega dela pri pou~evanju kemije. Potrebne so nadalj-

ne {tudje, s katerimi bo preu~ena vrednost razli~nih oblik izobra`evanja v podporo u~iteljem pri nadaljnem razvoju na

podro~ju uporabe eksperimentalnega dela pri pouku kemije.


