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ABSTRACT This study aims to investigate the effect of the problem-based learning method supported by experiments on the
inquiry learning skills of secondary school students and their reflective thinking skills for problem-solving. This reseatch uses a
quasi-experimental design with a pretest-posttest control group. This study consists of 21 students in the experimental group and
22 students in the control group from the sixth grade of a public secondary school in Turkey. The inquiry learning skills and
reflective thinking skills scale for problem-solving were used as data collection tools in the research. The Electricity Transmission
unit was carried out in the experimental group with problem-based learning scenarios supported by the experiment. Activities
based on the science course curriculum were catried out in the control group. SPSS-21 was used to analyze the data. As a result
of the study, it was concluded that the post-test scores of the inquiry learning skills scale of the students in the experimental group
differed statistically significantly from those of the control group students, and this difference was in favor of the experimental
group. No significant difference was found between the experimental and control groups in post-test scores regarding reflective
thinking skills for problem-solving.
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1. INTRODUCTION inquiry-based course by its nature (Okumus & Yetkil,

There are skills that individuals living in the 21st century 2020). Therefore, it is necessary to use science courses
must have to survive in business life. 21st-century skills effectively to develop inquiry skills (Yasar & Duban, 2009).
express the characteristics that enable individuals to Inquiry skills are defined as asking questions about the
become good citizens and qualified workers in the learned subject, searching for responses, generating and
information society of this century (Cansoy, 2018). creating the latest information while gathering information
Individuals who ate today's students will be adults of the about any topic, and reflecting on experiences (Tagkoyan,
future. Some professions that exist today will disappear, 2008). Inquiry learning is also a lifelong learning skill that
and new jobs will emerge. In this respect, it is stated that it allows students to learn meaningfully and permanently by
is essential for students to prepare for new professions and researching and questioning (Inel-Ekici, 2017). It has been
acquire these skills by creating quality learning times rather determined that students who make inquisitorial reflection
than transferring a lot of information in schools spend more time on problem-solving processes and
(Organisation  for  Economic  Co-operation  and control and organize their problem-solving strategies more
Development [OECD], 2018). One of the aims of science (Wopereis, Brand-Gruwel, & Vermetten, 2007). Raising
education is to raise individuals with critical, creative, students with such skills requires their close relationship

questioning, reflective, and high problem-solving skills with inquiry-based learning (IBL) (Howe, 2002).
among 21st-century skills.

It is necessaty to comprehend the importance of
science by developing their inquiry skills to provide Received: 10 February 2021
students with 21st-century skills. Science course is an Revised: 19 October 2021
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The questions asked in international exams such as the
Program for International Student Assessment (PISA) and
Trends in International Mathematics and Science Study
(TIMSS) require students to use their inquiry skills and
establish the context of knowledge and daily life. Countries
that are successful in these exams include these skills in
their teaching processes (Firman, Ertikanto &
Abdurrahman, 2018). In these international exams,
students in Turkey are below the average (Ministry of
National Education, 2009, 2011a, 2011b, 2012, 2015a,
2015b, 2018). According to the results of this exam,
students do not have enough critical thinking and inquiry
skills (Dolapgioglu, 2020; Baran, Baran & Maskan, 2018).
Inquiry learning requires the active participation of
students in the process (Balim, Inel & Evrekli, 2008). At
the heart of an inquiry-based class is questioning (Stotter &
Gillon, 2011). Inquiry-based learning can be applied with
different methods like case-based learning, project-based
learning, and problem-based learning (Bezen & Bayrak,
2020). For the PBL process to be carried out effectively,
students should have the ability to learn by inquiry or
develop these skills of students over time (Uden &
Beaumont, 2006). While working towards the problem's
solution, students build content knowledge and problem-
solving skills (Hung, Jonassen, & Liu, 2008).

Inquiry learning skills (ILS) are one of these skills.
Scientific inquiry involves researching natural phenomena
through higher-order thinking skills or experimentation
(Lee, Hart, Cuevas, & Enders, 2004). For this reason,
inquiry learning appears in research on science teaching
(Howes, Lim, & Campos, 2009). IBL is the process of
problem-solving by asking questions, researching and
analyzing information, and transforming learned
information into useful information (Zion & Sadeh, 2007).
Inquity learning in science improves students' petception
skills by using their mental and physical skills to explain the
results and explanations about events in nature and the
World (Hatlen, 2004). Therefore, laboratory applications
are essential in science lessons (Hofstein & Lunetta, 2004).
It has been proven by many studies that laboratory
activities carried out on an interrogative basis are more
effective in the development of many cognitive and
affective skills (Hofstein, Shore, & Kipnis, 2004; Akpinar
& Yildiz, 2006; Duru, Demir, Onen, & Benzer, 2011). The
inquiry learning process begins with questions that can
answer using observation or experimentation data
(Yildirim & Can, 2018). The laboratory application, in
which students investigate the teacher's problem through a
procedure they designed, is problem-based (Bell, Smetana,
& Binns, 2005). It requires reflective thinking to conduct
an inquiry and understand the entire inquiry process (Van
der Schaaf, Baartman, Prins, Oosterbaan & Schaap, 2013).

As a result of confronting students with problem
situations, critical awareness will be created, and reflective
thinking skills (RTS) will develop. In this respect, the
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problem-solving process is directly related to the
deliberative thinking process (Demirel, Derman, &
Karagedik, 2015; Albayrak, Simsek, & Yazici, 2018), and it
encourages students to maintain their interests (Epstein,
2003). Reflective thinking enables students to show high-
level thinking skills to understand and solve a problem
(Song, Grabowski, Koszalka, & Harkness, 20006). In the
problem-solving process, reflection can be seen (Wilson &
Jan, 1993). Therefore, using RTS in problem-solving helps
to provide more in-depth learning and increase awareness
in these processes (Junsay, 2016).

RTS is not a spontaneous type of thinking (Alp &
Taskin, 2008). Reflective thinking is a cognitive feature that
is learned and developed consciously (Durdukoca &
Demir, 2012). Therefore, acquiting this skill in the school
environment (Demiralp, 2010). RTS emerge most often
when encountering a non-routine problem, in learner-
centered environments, or when students are active and
involved in collaborative problem solving (Mezirow, 1997).
In the reflective thinking process, inquiry, reasoning, and
evaluation actions are taken (Mansvelder-Longayroux,
Beijaard, Verloop & Vermun, 2007). Reflection is
considered a fundamental way of thinking for teaching and
learning and encourages thinking of problems from
multiple angles. Thus, it includes rethinking unexpected
issues to see the experience differently (Ekiz, 2006).

Educational theorists suggested that reflective thinking
and similar reflection methods should improve students'
decision-making skills in all classes (Kuhn, 1990). RTS; the
individual's ability to put forward many thoughts for the
problems s/he faces, question these thoughts, and make
evaluations by using their past and present experiences
(Kember et al., 2000). Based on the idea that reflective
thinking will occur when a problem is encountered, the
researchers discussed the RTS for problem-solving in their
studies (Bayrak & Usluer, 2011; Yenilmez & Turgut, 2016).
RTS for problem-solving is an effective high-level thinking
style of reflective thinking that is performed from
understanding the problem to solving the problem in
problem-solving (Saygilh & Atahan, 2014). There is a
significant  relationship between elementary school
students' RTS and their academic achievement in science
and mathematics (Bas, 2013; Bas & Kivilam, 2013).
However, the students' general reflective thinking skills
were low in Turkey (Erdogan, 2019). Similarly, Kholid,
Sa’dijah, Hidayanto, & Permadi (2020) determined that 21
out of 140 mathematics students used reflective thinking
skills. The primary school teacher candidates have
moderate levels of reflective thinking in science concepts
and do not have high-level reflective thinking skills (Bozan,
2021). It requires reflective thinking to conduct an inquiry
and understand the entire inquiry process (Van der Schaaf,
Baartman, Prins, Oosterbaan & Schaap, 2013).

Based on the relevant literature, inquiry learning skills
and reflective thinking processes are related to problem-
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solving. In addition, it is expected that the experimental
courses will be practical on inquiry skills. One of the
methods that will enable problem-solving processes in
educational environments is problem-based learning
(PBL). PBL is an educational method that allows students
to be active participants in the learning process and
advocates learning subjects and concepts related to learning
areas by solving their problems (Smith & Hung, 2017).
PBL is a method that is organized around the solution of
open-ended real-life issues in a subject that students have
not learned before and is based on learning experiences
that enable students to learn by practicing and experiencing
(Hmelo & Ferrari, 1997; Marklin-Reynolds & Hancock,
2010; Lu, Lajole, & Wiseman, 2010). PBL assumes that the
learner learned how to determine their knowledge about a
perceived problem, identified their learning needs, and
determined how to obtain best the relevant information
(Dahlgren & Oberg, 2001). In this process, the analysis of
the problem in the scenatios, problem-solving, cooperative
learning with group interaction, reflection, and evaluation
of learning results are carried out by students (Huang,
Huang, Wu, Chen, & Chang, 2016).

The purpose of the PBL is to help students to construct
their knowledge by their knowledge base and to develop
the high-level thinking skills needed today (Hmelo-Silver,
2004; Cantirk-Ginhan & Bager, 2009; Usta &
Mirasyedioglu, 2017). In the PBL method, scenarios are
designed to enable students to learn meaningfully, the
permanence and transfer of information are supported, and
at the same time encouraged to reflect (Onan, 2013).
Inquiry learning and reflective thinking processes are
expected to be developed with the PBL process supported
by experiments.

In the literature, there are studies on the development
of a measuring tool for reflective thinking and applied at
different education levels (Badger, 2010; Basol & Evin-
Gencel, 2013; Tagkin-Can & Yildirim, 2014) and studies on
improving  reflective thinking for problem-solving
(Hoffman & Spatariu, 2011; Rieger, Radcliffe, & Doepker,
2013; Chee-Choy & San Oo, 2012). There is a significant
relationship between secondary school students' ILS
towards mathematics and RTS (Katranct & Sengtil, 2020).
Some inquiry-based studies are related to the development
of measurement tools (Wu & Hsiech, 2006; Aldan-
Karademir & Saracaloglu, 2013). Studies support the PBL
method with web, computer, and simulation (Belland,
2010; Hwang, Kuo, Chen, & Ho, 2014; Ioannou, Brown,
Hannafin, & Boyer, 2009). In addition, there are studies at
different learning levels supported by concept maps
(Johnstone & Otis, 2006) and concept cartoons (Balim,
Denis-Celiker, Turkoguz, Evrekli & Inel-Ekici, 2015).
Yildiz (2010) investigated the effects of practical
applications on different variables in solving problem-
based learning scenarios. It has been determined that the
use of PBL supported by experiments in pre-service
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science teachers has a positive effect on pre-service science
teachers' critical thinking skills (Denis-Celiker, 2020).
Although studies are examining the impact of PBL
practices on different variables in science teaching in the
related literature, there is no research examining the
perception of experimental-supported PBL practices on
middle school 6th-grade students' ILS and RTS. Both skills
are skills that need to be developed in science teaching. For
this reason, science education researchers should research
which methods, techniques, and strategies can develop
these skills. For this reason, the effect of the experimentally
supported PBL method was investigated in this study. This
study aimed to determine the impact of the PBL method
supported by experiments on students' ILS and RTS
towards problem-solving. For this purpose, the following
questions will be answered:

1. How is the effect of the PBL method supported by the
experiments on secondaty school 6th-grade students’
ILS scores and RTS for problem-solving scores?

2. How is the effect of lessons taught with the content
and activities of the Science Curriculum on secondary
school 6th-grade students’ ILS scores and RTS for
problem-solving scores?

3. Do the effects of the PBL method supported by the
experiments and lessons were taught with the content
and activities of the Science Curriculum on the ILS
scores and RTS for problem-solving scores of
secondary school 6th-grade students differ?

4. Is there a significant difference between the
experimental and control groups according to the post-
test scores of the ILS scale sub-dimensions?

5. Is there a significant difference between the
experimental and control groups according to the post-
test scores of the RTS sub-dimensions for the
problem-solving scale?

6. Is there any relationship between ILS scores and RTS
for problem-solving scores?

2. METHOD
2.1. Research Design

A quasi-experimental design with pre-test, post-test
control groups (Karasar, 2003) was used in the research.
Creswell (2003) states that whether the subjects will be in
the experimental or control group should be determined by
a completely random assignment method in the
experimental process. The testing method is summarized
in Table 1.
2.2. Participants

In the 2015-2016 academic year, the research
participants at a secondary school constitute Grade 6
students located in the Burdur province in Turkey. The
experimental group consists of 21 students studying in the
6D class of this secondary school, while the control group
consists of 22 students studying in the 6A class of the same
school. In addition, 12 of the students in the experimental
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Table 1 Quasi-experimental research pattern of the study

Group Pre-test Method Time Period Post-test
Experimental ILSS Problem-based learning supported by 4-5 weeks (16 ILSS
RTSSPS an experiment in Conduction of class hours) RTSSPS
Electricity unit.
Control Lessons carried out activities based

on the science lesson curriculum.

ILLS Inquiry Learning Skills Scale RTSSPS Reflective Thinking Skills Scale for Problem-solving

]
a 20
2.
..a 10 Female
5 Male

Experimental Control

Group Group
H Male B Female

Figure 1 Distribution of participants by gender

group were female, and nine were male (See in Figure 1).
Of the students in the control group, 14 were female, and
8 were male. In Turkey, the end-of-term grade of the
courses in secondary school is scored as a maximum of 5
and a minimum of 1. The participants' distribution
according to the previous semester's science coutse
averages is presented in Figure 2. All participants are 12
years old.

2.3. Data Collection Tools

2.3.1. Inquiry Learning Skills Scale

The research used the "Inquiry Learning Skills
Perception Scale for Science" developed by Balim &
Tagkoyan (2007). The scale consists of 22 perception items.
The scale consists of three sub-factors. These are the
negative perception items dimension with a Cronbach’s
alpha reliability coefficient of 0.73, the dimension of
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1 Point 2 Points 3 Points

= Experimental Group

4 Points

positive perception items with a reliability coefficient of
0.67, and the sense of questioning the accuracy with a
reliability coefficient of 0.71. Cronbach’s alpha coefficient
for the whole scale is 0.84. Examples of scale items are
given below:

-1 argue with my friends to decide the accuracy of my experimental
results.

- Experiment, which is one of the ways scientists work, seems
boring to me.

-1 think I bave to experiment to get scientific results.

2.3.2. Reflective Thinking Skills Scale for Problem-

solving

The study used the “Reflective Thinking Skill Scale for
Problem-solving” developed by Kizilkaya & Askar (2009),
consisting of 14 questions. The scale consists of 14 items
and three sub-factors. The Cronbach’s alpha value of the
inquiry factor was 0.73, the value of the reason factor was
0.71, and the value of the element was 0.69. This value is
0.83 for all scale items. Examples of the things of the scale
are given below:

- When I cannot solve a problem, 1 ask myself questions to
understand why I cannot solve it.

- When 1 read a problem, I think about what information I need
1o solve it.

- After solving the problem, I compare it with the solutions of my
friends and evaluate my result.

Control Group

Experimental Group

5 Points

= Control Group

Figure 2 The distribution of the participants according to the science course averages of the previous semester
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Figure 3 The stages phases of problem-based scenarios with experiments

2.4. The Experimental Group Implementation

The research was carried out in the "Conduction of
Electricity" unit in the 6th-grade science lesson. The tasks
were carried out with the PBL method supported by
experiments during the experimental group unit. For the
experimental group to adapt to the problem-based learning
process and to eliminate possible malfunctions, the last
topic of the previous unit was covered with a module
consisting of three scenarios. Thus, the team is completed
in two modules, seven sessions. The first module,
Conductors / Insulators, consists of 4 procedures. The
second module consists of 3 scenarios on resistance. Based
on the scenarios, the students were asked to design seven
experiments. Since problem-based scenarios were applied
together with the experiments in the science lesson, the
experiment phase was added to the process. The
application was made according to the steps specified by
Denis-Celiker (2021), which is indicated in Figure 3.

As seen in Figure 3, the scenatio was prepared first.
Then the students read the plan and identified the problem.
Next, they designed experiments to solve the problem and
reveal their solutions. Finally, observation form, peer and
self-assessment, and process assessment were made at the
last stage.

One of the scenarios used in the study is presented
below:

Aylin and her family boarded a fully equipped passenger plane to
visit her annt in America. While the plane was underway, it had to
make an emergency landing on an island in the Pacific Ocean due to
a malfunction in its engine. Passengers thought about how the planes
fhying over the island to get off the island might get their attention.
Aylin: “Let's set up a simple electrical circuit. Noticing the light, the
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Planes can save us. "' she said. Passengers brought a 100-watt light
bulb and 50-meter cable from the plane.

1. Passenger, copper, and short cable;

2. Passenger, copper, and extended cable;

3. Passenger brings nickel-chrome and cable as long as the 1st
passenger.

Aylin was surprised to see that the brightness of the bulbs in the
prepared circuits was not the same.

The guestions asked about the scenario are given below:

o What is the problem to be addressed in the system?

o  What information can we research to solve the sitnation in
the design?

o What do we know?

o What could be the reason for the different brightness of the
bulbs?

o Are there other factors affecting the brightness of the bulb?

o Why are copper and aluminum wires preferred in electrical
cireuits?

®  Design 3 different excperiments in which you can observe the

effect of the length of the wire, the cross-section of the wire,
and the type of wire on the resistance. Describe your
experimental setups by drawing.

During the experimental studies, the photographs taken
while the students were working in groups, designing their
experiments, and filling out the worksheets are presented
below in Figure 4.

2.5. The Control Group Implementation

The lessons carried out activities based on the science
lesson curriculum in the control group. Since 2005, the
science curriculum in Turkey has been prepared based on
the student-centered constructivist approach. Activities in
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Figure 4 Some photos of students during experimental studies

this group included activity exercises in official textbooks,
smartboard exercises, listening to the teacher, and
answering questions. Students in this group did an
experiment based on the book. They didn’t design the
experiment themselves. Often observed by the students
who made teacher experiment in demonstration
experiments.
2.6. Students Outcomes of the Unit

The students are expected to achieve the following
achievements with this unit (Ministry of National
Education, 2013):

2.6.1. Conductive and Insulating Materials

Recommended Duration: 6 lesson hours

Subject | Concepts: Conductive materials, insulating
materials, conductive and insulating materials usage areas

2.6.1.1. The student classifies materials according to
whether they conduct electricity or not by using the
electrical circuit s/he designed.

2.6.1.2. Explain with examples from daily life for which
purposes the electrical conductivity and insulating
properties of materials are used.

2.6.2. Electrical Resistance and Related Factors
Recommended Duration: 10 lesson hours
Subject | Concepts: Electrical resistance, factors on which
electrical resistance depends (cross-sectional area, length,
type of conductor)
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2.0.2.1. Estimates the variables on which the light bulb's
brightness in an electrical circuit depends and tests its
predictions by experimenting.

2.6.2.2. It measures the resistance of a conductor by
expressing electrical resistance and specifies its unit.

2.6.2.3. S/he realizes that the bulb is also composed of
a conductive wire and has resistance.
2.7. Data Analysis

The research was conducted with two groups, an
experiment, and a control. The data collected from these
groups were analyzed. The Statistics Package for Social
Sciences 21.0 (SPSS) was used to evaluate the study's data.
Since the data didn’t deviate significantly (excessively) from
the normal distribution, for comparison of the pre-test and
post-test scores, independent samples t-test, paired-
samples t-test, and MANOVA were used. In addition,
whether there is a relationship between the students’ ILS
scores and RTS for problem-solving scores has been
determined by using Pearson = Product-Moment
Correlation.

3. RESULT AND DISCUSSION

3.1. The Result and Discussion for the first research
question

A compatison of the expetimental group's pre-test and
post-tests of ILS is presented in Table 2, and the
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Table 2 The paired samples t-test results regarding the comparison of the pre-test - post-test ILS scores of the students in the
experimental group

Measurement N X sd df t value p
Pre-Test 21 87.66 13.72 20 -4.88 0.00"
Post-Test 21 98.52 8.28

*p <0.05 difference is significant. Cohen d =0.95

Table 3 The paired samples t-test results regarding the comparison of the pre-test - post-test RTS scores of the students in the
experimental group

Measurement N X sd df t value )
Pre-Test 21 50.61 12.94 20 -3.04 0.006"
Post-Test 21 59.80 7.21

“p <0.05 difference is significant. Cohen d =0.88

Table 4 The paired samples t-test results regarding the comparison of the pre-test - post-test ILS scores of the students in the control

group
Measurement N X sd df t value P
Pre-Test 22 83.04 8.84 21 0.423 0.67
Post-Test 22 82.09 7.06

p> 0.05

Table 5 The paired samples t-test results regarding the comparison of the pre-test - post-test RTS scores of the students in the
control group

Measurement N X sd df t value P

Pre-Test 22 54.63 5.07 21 -1.206 0.24

Post-Test 22 57.09 6.92
comparison of RTS's pre-test and post-tests is shown in & Harkness, 20006). In this study, a significant difference
Table 3. was found between the pre-test and post-test scores of the

Table 2 The paired samples t-test results regarding the experimental group in which PBL was applied.
comparison of the pre-test - post-test ILS scores of the Methods such as learning diaries, concept maps, asking
students in the experimental group. questions,  collaborative  learning,  self-evaluation,

A significant increase was found in students' ILS after Interview, Portfolio (Student Product File), Peer Review,
PBL practices supported by experiments [tp0=-4.88, p < Discussion, Observation, Seminar  Studies, Oral
0.05]. This finding shows that PBL application supported Presentations, Autobiography, . Drz}mz}, Visual
by expetiments had a significant effect on improving Presentations used to develop reflective thinking (Kazu &
students' ILS were shown in Table 2. The results revealed Demiralp, 2012). The experimental group conducted self-
that the impact of the PBL method supported by assessment, peer evaluation, questions, and discussion
experiments on the development of students' petceptions during th-c PBL process. That can explain the increase in
of ILS was statistically significant. PBL prepares the ground the experimental group itself.
for developing students' inquiry thinking skills through 3.2. The Result and Discussion for the second research
problems (Barrows, 1996). Kamin, O'Sullivan, Younger, & question
Deterding (2001) stated in their study that students' A comparison of the control group's pre-test and post-
defining issues and logically evaluating solutions in the tests of ILS is presented in Table 4, and the comparison of
process of problem-solving could improve their inquity RTS's pre-test and post-tests is shown in Table 5.
skills. In the PBL process, students use high-level thinking Table 4 The paired samples t-test results regarding
skills such as inquiry learning and problem-solving (Inel, comparing the pre-and post-test ILS scores of the students
2012). in the control group.

As seen in Table 3, when the pre-test post-test RTS When the pre-test-post-test inquiry learning skill scores
scores of the experimental group were compared, there was of the students in the control group were compared, it was
a significant difference in favor of the post-tests. Thus, concluded that there was no statistically significant
developmentally and age-appropriate problem-based difference seen in Tablo 4. Likewise, there was no
learning environments that support reflective thinking statistically significant difference between the experimental
should be designed. Furthermore, they argued that and control group students' pre-tests ILS scores.
problem-based learning includes a mechanism that When the pre-test-post-test reflective thinking scale
increases reflective thinking (Song, Grabowski, Koszalka, scores of the students in the control group were compared,
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it was concluded that there was no statistically significant
difference were shown in Table 5. Teachers believe that the
curriculum's learning environment and evaluation process,
in general, positively affect the development of students'
reflective thinking (Demiralp & Kazu, 2012). Since 2005,
the science curriculum in Turkey has been prepared based
on the student-centered constructivist approach. For this
reason, there are activities based on developing reflective
thinking in the textbook. Although not statistically
significant, there was an increase in the reflective thinking
skill scores of the control group students in this study.
3.3. The Result and Discussion for the third research
question

The comparison of the pre-test ILS scale of the
experimental and control groups is presented in Table 6,
and the post-tests are shown in Table 7.

As seen in Table 6, students' pre-test inquity learning
skill scores didn’t differ according to the experimental and
control groups.

Students' post-test inquiry learning skill scores differed
significantly according to the group [t(41)=7.01, p < 0.05].
Expetimental group students' post-test inquity leatning
skill scores were higher than control group students were
shown in Table 7.

After the practical application, there was a statistically
significant difference in favor of the experimental group.
The teachers used the textbook as the primary source in the
control group. Textbooks have traditionally focused on
memory and learning responses rather than inquiry skills
(Reaume, 2011). However, the students in the experimental
group determined the problem based on the scenatio and
designed an experiment to solve this problem may have

impacted their inquiry learning skills. The students in the
experimental group had to use their inquiry learning skills.
It has been revealed that the effect of problem-based
learning on inquiry thinking skills is similar (Kang,
DeChenne & Smith, 2012). Inel (2009) reached a similar
conclusion. Inquiry activities improve students' inquiry
skills, especially identifying a method and getting a result
(Cuevas, Lee, Hart, & Deaktor, 2005).

IBL can be expressed as a student-centered process in
which students identify problems, create problems, and try
to solve problems (Wood, 2003; MaaB3, & Artigue, 2013).
The students had to use these skills in the experiment-
supported problem-solving process. Karamustafaoglu &
Havuz (2016), who worked with prospective teachers,
reached a similar result. They concluded that the laboratory
activities based on IBL increased the future teachers'
research inquiry skills in favor of the experimental group.
In this study, secondary school students identified the
problem themselves, found a solution to the problem they
identified, solved it by doing and experiencing, and
developed their IBL skills by designing a problem-based
experiment. Also, IBL was a practical way to link previous
knowledge with definitions of the natural world (Panasan
& Nuangchalerm, 2010).

The comparison of the pre-test RTS scores of the
experimental and control groups are presented in Table 8,
and the post-tests are shown in Table 9.

As seen in Table 8, pre-test RTS scores of the students
didn’t differ between the experimental and control groups.

Post-test RTS scores of students didn’t differ between
the experimental and control groups were shown in Table

9.

Table 6 Independent t-test results comparing the groups' pre-test ILS scale scores

Group N X sd df t value P
Experiment 21 87.66 13.72 41 1.31 0.19
Control 22 83.04 8.84

p> 0.05

Table 7 Independent t-test results comparing the groups' post-test ILS scale scores
Group N X sd df t value p
Experiment 21 98.52 8.28 41 7.01 0.00
Control 22 82.09 7.06

p < 0.05 Cohen d =2.14

Table 8 Independent t-test results comparing the groups' pre-test RTS scores
Group N X sd df t value )
Experiment 21 50.61 12.94 25.77 -1.328 0.19
Control 22 54.63 5.07

P > (.05

Table 9 Independent t-test results comparing the groups' post-test RTS scores
Group N X sd df t value P
Experiment 21 59.80 7.21 41 1.26 0.21
Control 22 57.09 6.92

p > 0.05
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It was determined that the effect of the PBL method
supported by experiments on the development of students'
RTS for problem-solving was not statistically significant.
Furthermore, there is no significant difference between the
experimental and control groups' RTS post-test scores for
problem-solving.

The lack of difference in the post-tests of the
experimental and control groups may be since the textbook
activities applied in the control group also focused on
developing reflective thinking. Recently updated teaching
programs at our schools positively affect students to
acquire reflective thinking skills and inquiry learning
(Katranct & Sengiil, 2020). This finding was in line with the
study results (Dadli, 2017), which examined the effect of
authentic PBL activities on secondaty school students'
RTS. Pusmaz & Tavsan (2019) stated that students who are
successful in problem-solving could show reflections in the
themes of feelings/emotions and groupmatesAlthough.
However, they were successful in general knowledge,
experience, and context pieces.

Nevertheless, they still have difficulty reflecting within
the determined indicators, they can remember
incompletely, or it was concluded that they could not make
a reflection. In developing reflective thinking from
preschool to 12th grade, teaching strategy, materials,
student independence, collaboration efforts, individual
attention of the teacher, and encouraging the student to the
lesson are essential (King & Kitchener, 2004). Despite
emphasizing student independence, collaboration, and
material used in experiment-supported PBL, it was
insufficient to develop students' RTS. In a study, Namvar,
Naderi, Shariatmadari, & Seifnaraghi (2009) found that a
problem-solving weblog environment positively affects
students' RTS.

3.4. The Result and Discussion for the fourth research
question

The comparison of the ILS scale pre-test and post-tests
of the experimental group is presented in Table 10.
Examining the findings in Table 10, there was a difference
in favor of the experimental group in the post-tests
according to the students' positive petceptions in the
experimental and control groups and the scores they
received in the factors of questioning accuracy. There was
also a significant difference in the negative perceptions
factor in favor of the control group. With inquiry-type
experiments, students develop many skills, such as asking
better questions (Hofstein, Navon, Kipnis, & Mamlok-
Naaman, 2005).

In a study investigating the effect of argumentation-
based PBL on ILS, it was found that the scores of the
experimental groups in the positive perception sub-
dimension and the perception of questioning accuracy sub-
dimension were higher than the control groups. However,
this difference is insignificant (Yildirim & Can, 2018). With
this difference between the results, it can be concluded that
PBL supported by experiments was appropriate in
developing ILS sub-factors.

3.5. The Result and Discussion for the fifth research
question

The comparison of post-test scores of the sub-factors
of the RTS scale with the experimental and control groups
is presented in Table 11. When the post-test scores of the
experimental and control groups were compared in terms
of the questioning, assessment, and reasoning sub-factors
of the scale, it was found that there was no statistical
difference were shown in Table 11.

Table 10 Post-test MANOVA results according to the factors of the experimental and control group students' ILS scale

Factor Group N X sd F p

Positive Perceptions Experiment 21 41.28 3.59 18.04 0.00"
Control 22 37.00 3.00

Negative Perceptions Experiment 21 10.66 2.92 47.90 0.00"
Control 22 20.22 5.64

Questioning the Accuracy ~ Experiment 21 31.90 3.03 9.30 0.04*
Control 22 29.31 2.51

* p <0.05 difference is significant. Positive perceptions Cohen d = 1.29; negative perceptions Cohen d =, 2.13; Questioning the truth

of Cohen d = 0.93

Table 11 Post-test MANOVA results according to the factors of the experimental and control group students' RTS scale

Factor Group N X sd F )
Questioning Experiment 21 21.80 2.73

Control 22 20.36 3.28 2.44 0.12
Assessment Experiment 21 21.14 2.53

Control 22 19.95 3.04 1.92 0.17
Reasoning Experiment 21 15.19 1.53

Control 22 15.04 2.01 0.22 0.79
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Table 12 The Relationship between ILS scores and RTS for problem-solving scores
Measurement Variables n R p
Pre-test ILS scores 0.351%* 0.021
Post-test RTS for problem-solving scores 43 0.311%* 0.043
“p <0.05
Table 13 Correlation matrix according to subfactors of ILS and RTS for problem-solving scales
Measurement Factor Questioning  Assessment Reasoning
Pre-test Positive Perceptions 0.29 0.30* 0.31%
Post-test 0.43 0.45%* 0.21
Pre-test . . 0.11 0.12 0.01
Post-test Negative Perceptions 0.54 0.08 0.07
Pre-test . 0.30 0.39%* 0.39%*
Post-test Questioning Accuracy 0.40% 0.34% 030

#p<0.05 *p< 0.01

3.6. The Result and Discussion for the sixth research
question

The relationship between ILS and RTS and the sub-
factors of the scales are shown in Table 12 and Table 13.
When the relationship between ILS scores and RTS for the
problem-solving scores in Table 12 over the pre-test and
post-test total scores of the students is examined, it is seen
that there is a moderately significant positive relationship
between them. Similarly, a moderate positive correlation
was found between middle school students' inquiry
learning skills and reflective thinking skills for problem-
solving (Katranct & Sengil, 2020). In a different study, a
positive, significant, and moderate relationship was found
between pre-service teachers' critical thinking and
reflective thinking skills (Askin-Tekkol & Bozdemir, 2018;
Erdogan, 2020).

According to the sub-factors of the scales is examined
in Table 13, the correlation of the pre-test and post-test
scores is a moderate positive correlation between the
assessment sub-dimension of the RTS for problem-solving
scale and the positive perceptions sub-dimension and
questioning accuracy sub-dimension of the ILS scale.

The relation between the final ILS scores and final RTS
scores in experimental and control groups is shown in
Table 14. Table 14 points out a moderate, meaningful, and
positive difference between the post-ILS scores and RTS
scores in the experimental group. Accordingly, it can be
said that students with high final ILS scores also have high
RTS scores. Developing students' reflective thinking skills
will also enable them to inquiry about their behavior
(Karaoglan-Yilmaz & Keser, 2016).

There was no relationship between the post-test ILS
scores of the control group students and the post-test RTS
scores. That can explain by the fact that the ILS scores did
not change much, even though the post-test RTS scores of
the students in the control group increased.

DOI: 10.17509/ jsl.v5i1.32076

Table 14 The relation between the post-ILS scores and
post-RTS scores in experimental and control groups

Group R P
Experiment Post ILS 047" 0.032
Scores
Post RTS
Scores
Control Post  ILS 0.006 0.98
Scores
Post RTS
Scores
*»< 0.05
CONCLUSION

Although studies examine the effects of the PBL
practices on different science teaching variables in the
relevant literature, there is no study examining the
perception of the PBL practices supported by experiments
on the ILS and RTS of secondary school 6th-grade
students. In addition, although studies integrate the PBL
approach with different methods and techniques such as
concept cartoons, argumentation, mobile applications, and
computer technologies, a limited number of studies
supported by experiments have been found.

As a result of the research, there was a significant
difference in the ILS of secondary school 6th-grade
students, in the positive perceptions, negative perceptions,
and questioning the accuracy factors, which were sub-
factors of the ILS scale. Based on this, PBL activities
supported by experiments can develop students' ILS in
science lessons.

There was no significant difference between the
experimental group in which PBL activities were carried
out and the control group. The lessons were taught with
the science lesson curriculum using the reflective thinking
scale post-tests for problem-solving. After the practical
application, there was no significant difference in the RTS
scale's questioning, assessment, and reasoning sub-factors
for problem-solving. Although it is stated in the theoretical
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explanations of the relevant literature that PBL will
improve RTS, no significant difference was found between
the post-test scores of the experimental and control groups
in this exploratory study. Longer practical practice time
may be required for the development of RTS. The reasons
for this situation can be investigated in different researches.
RTS scale for problem-solving was used within the scope
of the study. Results can be compared using different RTS
scales.

The research is limited to the transmission of the
electricity unit of the 6th-grade science course. However,
similar applications can be made in the departments related
to electricity in the 5th, 7th, and 8th grades, and the results
can be compared.

Different researchers and their validity developed the
scales used within the scope of the study, and reliability
studies were conducted. As a result, different scales of
inquiry skills and reflective thinking skills could be used.

Within the scope of the study, data were collected with
quantitative data collection tools. Data triangulation can be
achieved by incorporating qualitative data collection tools
such as interviews and observation into the process. It can
be replicated using the mixed research method.
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