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THE ROLE OF PROBLEM-BASED LEARNING IN TEACHING CHEMISTRY
IN THE DEVELOPMENT OF STUDENTS’ CREATIVE SKILLS

The purpose of this article is to investigate the effect of problem-based learning, one of the innovative learning strategies,
on students’ creative activity in chemistry classes. Problem-based learning represents experiential learning that is organized
around the investigation and solution of real-life problems, but also requires the active participation of individuals in terms
of both intellect and skill. Since the modern education system determines the individual interests, wishes and expectations of
learners and gives special importance to the development of real-world skills, it is preferable to build the training process
in this direction. In this regard, problem-based learning is considered to be an effective teaching strategy that helps us best
connect with the world we live in. Students are first introduced to the problem statement, and receive assistance regarding
the learning situation and goals. Later, they conduct various researches to solve the problem, share their knowledge and
discuss solutions. This situation continues until we find solutions to the problem. Learning processes are constantly reviewed
based on the explanations students receive from each other and from the teacher. They already accept the problems they
solve as a model, and when faced with similar situations, they act according to this model. Within these processes, students’
abilities such as problem solving, research, independent learning, creativity, and cooperation develop. A brief explanation
of problem-based learning is also given first in the research paper. Then there is information about the application model of
this strategy, the stages of learning, its benefits to the student, the possibilities of using it in chemistry classes, the role of the
teacher during the process, examples and the problems encountered during the selection of this strategy. In the last part of
the article, the results and suggestions related to the research are given.
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POJIb IPOBJIEMHOT'O HABYAHHSA Y HABUAHHI XIMII Y PO3BUTKY
TBOPYUX YMIHb YUHIB

Mema cmammi — docaioumu 8nius nPoOIEMHO20 HABUAHHS, OOHIEL 3 THHOBAYIUHUX CIMpame2ii HAGYAHHS, HA MEOPUY
akmueHicms yuHi8 Ha ypoxax ximii. Hasuannsa, opiecnmosarne Ha npobnemy, a6isie cobor HA84aHHs HA 00CIOi, AKe opaa-
HI308aHe HABKOLO OOCHIOHNCEHHS MA BUPIUEHH NPOOLeM PEalbHO20 HCUMMSL, alle MAKOXHC BUMA2AE AKMUBHOI yuyacmi
OKpemux nooell 3 MOUKU 30py AK iHmenekmy, max i Hasuuok. OCKiNbKU CYYaAcHa cucmema OCc8imu UHA4Ac iHOUgioy-
anvHi iHmepecu, nooadicanHs ma O4iKy8AHHs MUX, XMO HABYAEMbCA, | HAOAE 0COONUBO20 3HAYEHHS PO3GUMKY HABUYOK
peanvHo2o dcummsl, Kpauje 6y0yeamu HAGUALbHUL NPOYEC Y YbOMY HANPAMKY. V 36 53Ky 3 yum npooOieMHe HA8UAHHS
88ACAEMBCS ePeKMUBHOI CIPAME2IEI0 HABUAHHS, KA 00NOMA2AE HAM HAUKpauje 36 A3amucs 3i cimom, y AKomy mu
JHcuUBeMo. Yuni cnouamiy O3HAUOMIOIOMbCA 3 QOPMYTIOBAHHAM HPOOIeMU MA OMPUMYIOMb O0NOMO2Y W00 HABUANLHOT
cumyayii ma yineu. Ilizniwe 601y npogoOsms pizHi 00CAIOINCEHHS, W0 BUpiwUmMU NPOOIEMY, OiIAMbCI CE0IMU SHAHHAMU
ma 06206opioromys piwenns. Taxa cumyayis mpugae 00 mux nip, noku Mu e 3naudemo supiutenusi npoonemu. Ilpoyecu
HABYAHHS NOCMIUHO NePesipsIOmbCs HA OCHOGI NOSICHEHb, SIKI CMYOEeHmMU OMPUMYIONb 00UH 8i0 00HO20 Ma 8i0 6UKIA-
Odaua. Bonu eoice cnputimaroms npoobnemu, sKi 8UpIUYyOms, Ik MOOeb, i, CMUKAYUCH 3 NOOIOHUMU cumyayismu, Oilombs
8i0Nn08iOHO 00 yiei modeni. Y pamxax yux npoyecie po3susamscs maxi 30i0Hocmi cmyOeHmis, K eupiuieHHs npooiem,
00CHIOHCEeHHSA, CaMOCmiliHe HABUAHHA, mEopyuicmsb i cnienpays. Kopomke nosicHeHHA NpoOIeMHO20 HABUAHHS MAKONC
daemuvcsl cnoyamky 6 0ociionuyskit cmammi. Iomim € ingpopmayis npo mooenv 3acmocy8anus yici cmpameeii, emanu
HasuauHsi, it nepeeazu Os YuHsi, MONCIUBOCMI i1 BUKOPUCIAHHS HA YPOKAX XIMIL, pOib yuumens nio uac npoyecy, npuKkida-
ou ma npobnemu, 3 AKUMU SUHUKIU N0 uac eubopy ys cmpamezis. B ocmanniti vacmuni cmammi HageoeHi pe3yibmamu
ma npono3uyii o000 00CiONHCeHHs.

Knrouoei cnosa: ximis, npobremne HA8UaHH, XIMIUHUL eKCNEPUMEHM, MBOPUICIb, OisIbHICHIb.
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Introduction to the problem. Problem-based
learning requires students to explore together,
find different solutions, and delve into real-world
problems. In order to successfully implement this
process, students must be able to make connections
between several subjects and integrate them correctly.
Real-world problem solving develops students’
creative thinking, critical thinking, research and 4C
(creativity, communication, collaboration, critical
thinking) skills (Vahabzado, 2022: 3).

The extent of the problem. Many studies have
been conducted in the direction of investigating the
impact of the problem-based learning method on stu-
dents and the development of critical and creative
thinking in the context of education. One such study
analyzed the joint activity of students in the problem
analysis and reporting stages of problem-based learn-
ing. Research has also examined how such interac-
tions affect student learning achievement (Visschers-
Pleijers, 2004, p. 472). Empirical research conducted
in 2015 adds substantial evidence to the effectiveness
of the problem-based learning method. The authors
assigned groups of students with three methods
(problem-based learning, lecture-based or free learn-
ing) in teaching the subject and found that students in
the problem-based learning group had a higher proba-
bility of conceptual change (Loyens, 2015: 36). Prob-
lem-based learning applied to the “Inorganic Chem-
istry Laboratory” class while examining the effects
of the strategy, the results of the study were as fol-
lows: First, students’ self-learning and creative abili-
ties improved significantly. Second, it was found that
this strategy allows students to learn freely as well
as responsibly, but the problem definition phase is
relatively complex. Finally, according to the opinion
of students in a survey among students, this method
is useful for learning problem-solving skills (Young-
Eun Kim, 2016: 778).

The purpose and tasks of the research. The
purpose of the research is to investigate the role
of the problem-based learning strategy in the
development of students’ creative abilities, the
benefits and drawbacks of the problem-based
learning strategy during the teaching of chemistry in
secondary schools.

Methods. The main methods are literature analysis
and comparative analysis methods used in the article.

The main principles of problem-based learning
can be shown as follows:

— Teaching begins with setting a problem;

— The problem situation is organized on the basis
of the teaching unit;

— A connection is established between the problem
and the student’s world;
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— Students are empowered to fully formulate the
problem and manage the solution process;

— Small groups of students are created for effective
learning;

— Guided by asking guiding questions about
students’ activities (Dahlgren, 1998, p.438).

The structure of the problem-based learning
method can be shown in the following scheme:

— What is the problem?

Showing the problem

— What do we know about it?

— What do we need to know to solve the problem?

Guidance

— Collection of resources and information

— Finding and testing solutions

— Presentation of results

Evaluation

— Evaluation

During the selection of a problematic teaching
strategy, if the problem is prepared qualitatively, the
motivation phase of the lesson is solved by itself. As
with other methods, there is no need to build motiva-
tion.

One of the most interesting aspects of problem-
based learning is how it relates to our everyday lives.
This method teaches the student both how to solve
the problem and how the learning process takes place
(Joan S., 1998: 5). At the same time, it forms stu-
dents’ ability to make independent decisions. As a
result of the processes that the student goes through
in the decision-making stage, his critical thinking is
also improved. In the process of solving the problem
within the group, students cooperate with each other,
they get a chance to give suggestions, encourage and
support their friends who are trying to express their
ideas.

What are the limitations of problem-based learn-
ing strategy?

1. Identifying the problem — the factors affecting
the identification of the problem may later prevent the
process from happening correctly during the course
of the lesson;

2. Time limitation — using this strategy can last
longer than one academic lesson, which causes stu-
dents to be bored, tired, and not complete the subject
(Winning, 2003: 126).

3. Scope — it is difficult to use this method in
teaching all subjects. Likewise, it is ineffective to
apply social problems in class with students who do
not understand the scope of the subject;

4. Class management — when using this strategy,
the teacher may not get effective results in class man-
agement, because students’ cooperation and discus-
sions will create involuntary noise;
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5. Evaluation — the presence of different solutions
to the problem can create a complicated situation
when determining the most correct solution. Non-
objective assessment can have a negative effect on
student motivation (Winning, 2003: 128).

Among the various problem-based learning
teaching-learning models, the IMSA (Illinois
Mathematics and Science Academy) model is widely
used. The IMSA model mainly consists of three
stages:

1. Understanding the problem;

2. Investigate the problem;

3. Solving the problem.

First, in the stage of “understanding the problem”,
students get acquainted with the problem. In the table
about that problem, ‘what do I know?’ and ‘what
should I know?’ is noted and the investigation of the
problem to be solved in this situation is started. In
“Problem Research”, the information needed to solve
the problem is collected through various materials and
shared with other members of the group. Discussions
and reflection on each student’s hypothesis reveal all
possible solutions. At the “Problem Solving” stage,
the best of these solutions is selected, taking into
account various circumstances. Then, on the basis of
the chosen solution, the pre-defined problem is solved,
the steps are reviewed and the problem is solved in an
improved way (Young-Eun Kim, 2016: 773).

Let’s take a look at the setting of the problem
during the teaching of “Allotropy” in class VIIL.

It is known that students begin to get acquainted
with chemistry in the VII grade. In the topic of the
chemistry course, they should first of all understand
what the concept of “allotropy” means. However, it
is not considered appropriate to directly announce
this concept to students. Because the application
of the selected strategy should arouse interest and
enthusiasm in students to search for new information,
learn unknown knowledge, and perform chemical
experiments. Therefore, the sequence of activities
for defining a new concept can be described as
follows:

I. Setting the problem: Is it possible to transform
one simple substance into another simple substance?
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Students come up with different answers to this
question. The teacher asks another auxiliary question:
Can the properties of oxygen change due to the
influence of external factors?

I. Study of the problem:

Students are provided with textbooks and internet
resources to investigate the physical and chemical
properties of the given substance — oxygen. Later, the
students prepare for the chemical experiment. The
experiment is the conduction of an electric current
from oxygen.

The equation of the chemical reaction:

30; — 203

At this time, students say the name, molecular
composition, and properties of the obtained substance.
When the students cannot find it, the teacher explains
it himself.

II. Problem Solving:

The difference between the properties of these
substance molecules is explained based on the
comparison of the composition and mass of oxygen
and ozone molecules.

Thus, based on the questions put in front of the
class, the children revive their knowledge about
oxygen and ozone in their memory, conduct searches,
and finally, with the help of the teacher, draw
conclusions and define the concept of allotropy. As
you can see, solving the problem ends with giving
a new understanding. When solving this problem,
students rely on the results of a chemical experiment,
comparing the composition and mass of oxygen and
ozone molecules from theoretical materials (Abba-
sov, 2018: 201).

In the example of oxygen, after students have
a clear idea of this concept, the teacher focuses on
other elements with allotropic transformations. These
elements are listed in the table below:

Chemical The allotropic transformations it
element produces
0) 0,,0,
P White, black, red
C Diamond, graphite, carbine, fullerene
S Crystalline, plastic, etc.
Si Crystalline, amorphous

After studying the table, students understand
that the concept of allotropy applies not only to
oxygen, but also to other chemical elements. He
notes that sulfur forms several allotropic transitions.
The structure, properties, differences between
each of these substances, etc. is explained. Thus,
students’ knowledge of allotropy is strengthened
and deepened.
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Allotropes of Phosphorus
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As a result of creating a problem-situation in
the teaching of the topic “Allotropy”, in addition to
the development of creative thinking, research and
creative abilities in students, they also develop an
interest in learning the lesson, a desire to conduct
experiments and draw conclusions (Hiiseynov,
2019: 59).

In order to effectively apply the problem-based
learning strategy in chemistry classes, the following
conditions must be met:

— Students should be provided with a laboratory
room and sufficient materials for chemical
experiments and activities;

— The use of internet resources and the library
should be free to assist research;

— Necessary safety measures should be taken
regarding the experiments to be conducted by the
students;

— When dividing into groups, not a “weak-strong”
group, but an equal grouping should be done (Miflin,
2004: 445).

— At the stage of solving the problem, students
should be motivated, directed questions should be
asked and group work should be encouraged;

— The results obtained through the problem-based
training should be prepared in the form of a report,
and these results should be evaluated by the teacher
after they are presented to the class.

— During the teaching of the subject through
problem-based learning, a number of important
qualities and abilities are developed and formed in
students:

— Develop high-level cognitive and thinking skills
such as analysis, synthesis and evaluation, which are
necessary during problem solving;
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— Ensures that students are motivated and
interested in learning.

— Students’ ability to use what they have learned
in their social life improves;

— Problem-based learning asks students: “Why
are we learning this information?”, “How will this
benefit us later?”, “Can we use it in real life?” answers
questions like;

— Students are ensured to use and develop their
knowledge, experience and skills independently;

— Supports students’ higher-order thinking. In
problem-based learning, students try to learn more
about a topic or event. Complex problem scenarios
encourage students to think critically and creatively.
Students provide plausible evidence for a variety of
problem situations;

— Increases communication
between students;

— Teach democratic rules such as listening to
others’ opinions and being open to different opinions;

— Students are taught the ability to use laboratory
equipment;

— Increases students’ self-confidence and creates a
sense of responsibility (Stepien, 1993: 352).

The result

1. The main goal of problem-based learning is for
students to apply what they have learned in social life,
work life, etc. while solving the problems encountered
in the educational process. is to provide the ability to
use when solving the difficulties that arise.

2. Based on constructivist learning theory makes
learning effective. Because the structuralist approach
is based on how the individual learns, not what they
learn. Strategy is problem-focused from planning to
execution. At the same time, there is an assessment at
every stage of this process.

3. Students first encounter a problem that is set
not randomly, but in a planned way. The problem is
investigated in different stages and a conclusion is
drawn. The main point here is that there is no single
solution to the problem, the activity is based on active
learning and is open to collaboration.

4. Frequent change of the problem situation allows
the students to review the novelties again and again,
thus their knowledge is updated.

5. In all these stages, the teacher is a cognitive
guide who directs the students’ learning.

6. The teacher’s task of imparting and teaching
information has been replaced by “directing the
student to obtain information”.

7. It is an approach that can be effective in creating
active learning environments, which has become
especially popular in our country in recent years.
Since the development of students’ creative thinking

and interaction
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skills is identified as an important goal in reformed
education, it can be said that using this approach will
facilitate the achievement of the goal.

Offers

1. Despite its many benefits, problem-based
learning has some limitations as mentioned above.
Knowing these shortcomings before organizing
chemistry lessons will strengthen the effectiveness of
the teaching process.

2. Necessary tools and textbooks should be
prepared for problem-based training.

3. It is considered that it would be more
appropriate to apply the problematic learning
strategy in classes with a small number of students,
since it takes a lot of time to monitor the students’
activities and give feedback in the trainings carried
out with this strategy. Because it is necessary to
allocate time to each group and all members of the
group, to follow the stages of solving the problem.
This situation is considered as limiting the ability of
the teacher to provide the required support in classes
with many children.

4. “Technical service teams” consisting of teachers
can be created. These teams can inform students about
libraries, computers, laboratories and their efficient
use on certain days and hours.

5. Reports prepared by students on the progress
and results of the conducted chemical experiments
can be published on the school’s website. Presenting
the “work” prepared by the students with their own
efforts in this way will increase their motivation and

...............................................................................

also serve as an example for other students in their
future work.

6. In order to ensure success in problem-based
learning, the teacher must know the student, be
fair, be open to scientific developments, be able to
draw the student’s attention to the topic, listen to the
student’s comments on each topic, draw conclusions
and guide them.

7. One of the reasons why traditional teaching
methods are always preferred is that they are easy to
apply or the instructor is not aware of new methods.
For this reason, teacher candidates studying in
universities for the teaching profession should be
given training on problem learning during their
undergraduate studies, and the university library
should be enriched.

8. The subject and age groups of students to which
the problem-based learning method will be applied are
very important. In particular, the level of knowledge,
experience, available resources and opportunities of
students in lower grades should be taken into account.

9. It is known that the majority of chemistry teachers
working in secondary schools today prefer traditional
methods when teaching this subject. Although this
situation happens for certain reasons (weak material
and technical base, lack of laboratory rooms, lack of
materials, etc.), as a result, favorable conditions for
the development of students’ creativity and research
abilities are not created. Correcting this situation is the
responsibility of the school management and education
departments appointed by the Ministry of Education.
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