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Abstract

The current study aims to examine the effects of prospective chemistry teachers’ chemis-
try laboratory teaching experiences using different laboratory approaches on their meta-
cognitive thinking skills and perceptions of problem-solving skills. The study is designed
as ‘““the quasi-experimental non-equivalent pre-test/post-test control group research
design.” Twenty-seven prospective teachers from the Department of Chemistry Education
at a public university participated in this study. The prospective chemistry teachers in the
experimental group carried out laboratory teaching practices relying on the inquiry-based
activities conjugated with a science writing heuristic approach; however, the prospective
chemistry teachers in the control group carried out laboratory teaching practices relying
on the traditional laboratory approach. The implementation process took 14 weeks. The
results showed that there was an overall improvement in the perceptions of problem-solv-
ing skills and metacognitive thinking skills in each factor for the prospective chemistry
teachers in the experimental group compared to the prospective chemistry teachers in the
control group.

Keywords Inquiry-based learning - Metacognitive thinking skills - Perception of problem-
solving skills - Science writing heuristic - Teaching experience

Introduction

Current educational environments are expected to incorporate teaching strategies, meth-
ods, and techniques through which learners actively engage in the learning process. In this
respect, learners are encouraged to be more aware of the environment in which they live
and are guided to develop their thoughts based on the new knowledge they acquire (Smith
et al., 1993). Science curricula around the world have been restructured to teach the emergent
effects of science in real time, to teach how to use scientific knowledge to solve problems, and
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to raise scientifically literate individuals (Lederman et al., 2013; Millar et al., 1998). Science
education aims to enable students to learn the basic concepts and ideas in different scientific
disciplines and to use them to carry out research, to perceive natural phenomena, analyze and
discuss them critically, and to use these skills to make conscious decisions in their daily and
professional lives (Talanquer, 2018). Chemistry, which plays a vital role in science, is cru-
cial in explaining a variety of events that occur in everyday life. However, previous research
shows that students have difficulty understanding various chemistry topics because of the
abstract concepts inherent in chemistry courses. Chemistry is therefore seen as a challenging
course for students (Beerenwinkel et al., 2011; Nakhleh, 1992; Orgill & Bodner, 2004). Lab-
oratory classes, which involve hands-on work, offer better opportunities for effective learn-
ing and teaching of science subjects (Bretz, 2019). The traditional laboratory approach, in
which students are given “cook-book” descriptions of procedures rather than activities such
as formulating research questions, formulating hypotheses, planning and designing experi-
ments, and drawing conclusions from their hypotheses, rarely allows students to use higher-
order cognitive skills or to discuss scientific knowledge relevant to the investigation (Bicak
et al., 2021; Roth, 1994). When laboratory activities are properly organized, they contribute
positively to students’ attitudes and cognitive development, as well as to the development
of twenty-first century skills (Hofstein & Mamlok-Naaman, 2007; Tho et al., 2017). The
inquiry-based learning (IBL) approach to laboratory applications in science and chemistry
education provides interactive learning environments that allow for teacher-student, student-
student, and student-material interaction. Previous studies have also shown that inquiry-based
experiments in laboratory investigations improve higher-order thinking skills, including prob-
lem-solving, metacognitive skills, critical thinking, experimental design reasoning, and sci-
entific thinking (Hofstein et al., 2005; Mistry & Gorman, 2020; Seery et al., 2019).

Theoretical considerations
IBL, IBLabs, and SWH approach

By its very nature, IBL provides a student-centered approach to science education. As a
pedagogical tool, IBL relies on questioning, critical thinking, and problem-solving skills.
IBL as an instructional practice occurs when students engage in hands-on and minds-on
science activities through which they develop a research-based perspective on learning
(Szalay & Toth, 2016; Wang & Jou, 2016). Student-centered IBL environments that engage
students in hands-on activities (Colburn, 2000) provide a meaningful, deep understand-
ing of science concepts and develop students’ critical thinking skills (Aldahmash & Omar,
2021; Pratt & Hackett, 1998). The IBL environment supports activities such as making
observations in the laboratory, designing experiments, formulating hypotheses, and analyz-
ing experimental results. IBL thus enhances students’ higher order thinking skills (Hofstein
et al., 2005); however, previous studies show that chemistry students lack awareness of
metacognitive skills as well as knowledge of how to use these skills in educational contexts
(Haidar & Al Nagabi, 2008; Rickey & Stacy, 2000).

Inquiry-based laboratories (IBLabs) are widely used in teaching methods courses and
science education literature and are designed to help students independently explore sci-
entific concepts, construct knowledge, and apply what they learn in an inductive process
(Deters, 2005; Sonmez et al., 2021). While traditional laboratory settings emphasize a
more rigid way of learning, where students are tracked for the steps they take as part of
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their experimental skills, IBLabs aims to increase student engagement by supporting skills
such as asking research questions, testing hypotheses, and thus contributing to the develop-
ment of higher-order skills, including thinking and problem-solving skills (Gupta, 2012;
Irwanto Saputro et al., 2018; Katchevich et al., 2013).

Several scholars (see Lim, 2001; Llewellyn, 2007; Sadeh & Zion, 2012) have identified
different levels of inquiry based on the roles teachers and students assume or the nature of
the problem in a specific context. Examining the studies conducted in educational settings,
we can conclude that the four levels of inquiry are predominantly present in the design of
instructional activities. These levels are “Confirmation Inquiry, Structured Inquiry, Guided
Inquiry, and Open Inquiry.” Confirmation Inquiry refers to the processes by which stu-
dents engage in research through an activity whose outcomes they already know, while
the teacher helps students to pose questions, guide them through the process, and arrive at
solutions. At the Structured Inquiry level, students focus on a step-by-step approach that
leads to the solution of the problem. In this process, the teacher does not provide the solu-
tion to the problem (Banchi & Bell, 2008). By implementing Guided Inquiry, students have
the opportunity to be flexible in solving the problem, even though the problem is given by
the teacher at the beginning.

As a result, students have more engaging and relevant learning experiences because
they are able to explore, research, and construct knowledge on their own (Llewellyn,
2007; Spaulding, 2001), while the teacher provides a more effective learning environment
where students are encouraged to find a solution to the problem at hand (Furtak, 2006;
Lim, 2001). In Open Inquiry, the highest level of engagement in IBL, students assume the
role of a scientist and determine the steps they take to derive questions and solve research
problems. As such, they draw their own conclusions, interpret results, and present their
findings to expand their knowledge base through classroom discussion (Banchi & Bell,
2008; Llewellyn, 2007). The role of the teacher in guided inquiry, which is the subject of
this study, is important in identifying problems, formulating answers, preparing materials,
and organizing the learning environment (A¢ikgoz, 2008). The teacher organizes a learn-
ing environment that encourages students to explore, does not answer their questions itself,
but guides them to find the answers to their questions (Furtak, 2006). At this level, which
is similar to the structured inquiry level in that the problem situation or the problem to be
investigated is presented by the teacher, but is more complex than the structured inquiry
level, students have opportunities to learn, plan different experiments, make applications,
and collect evidence (Banchi & Bell, 2008).

The science writing heuristic (SWH) approach, based on constructivist philosophy, also
encourages students to engage in guided inquiry-based laboratory (IBLab) practices and
provides structuring of knowledge through collaborative group work. The SWH is defined
as an instructional technique that combines inquiry, collaboration, and writing while pro-
viding a structure for both students and instructors to carry out effective activities in the
chemistry laboratory (Burke et al., 2006). In the present study, prospective chemistry
teachers (PCTs) in the experimental group employed the SWH in the guided inquiry-based
chemistry laboratory. The SWH, developed by Keys et al., (1999), is an approach that helps
learners to better understand scientific concepts within the framework of an argumentation.
The SWH approach is a type of writing activity that consists of both a student and a teacher
framework that guides students through the activities and acts as a metacognitive support
to encourage students to reason about data (Akkus et al., 2007). This approach involves
two dimensions, the teacher and the student. The SWH teacher and student templates are
provided in Appendix Table 7 (Keys et al., 1999). The teacher template prepared as a guide
for teachers, provides suggestions for teachers (Keys et al., 1999) to engage students in
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thinking, discussing, writing, and reading abilities about the research they will conduct in
the laboratory (Williams, 2007). In this way, teachers can use the SWH to design activi-
ties before, during, and after laboratory practices (Hohenshell & Hand, 2006). The student
template contains the steps that will guide the students through the laboratory activities.
This template, which helps students to construct scientific knowledge during inquiry activi-
ties (Choi et al., 2010; Hand et al., 2018) , also has the feature of a laboratory report where
students can reflect on their inquiry-based activities and results with the steps and ques-
tions given for each step (Poock, 2005). This approach guides teachers in designing crea-
tive activities, classroom activities, designing inquiry-based activities to be used in labora-
tory practices of science courses and making practices (Keys et al., 1999). In the SWH
approach, which is closely related to the science curriculum and based on the components
of inquiry, students carry out the steps of asking questions, designing experiments, mak-
ing observations, collecting data, and making claims based on evidence. In addition, this
approach involves student-student dialogue and scientific discussion, which are rare in tra-
ditional science classrooms (Choi et al., 2010; Hand et al., 2018; Katchevich et al., 2013;
Yaman, 2018). The teacher aims to create a learning environment in which students can
acquire and improve the skills necessary to answer their own questions using the SWH
(Schoerning et al., 2015). Learners learn how to find information, how to access the source,
and how to use it to solve problems through learner-centered approaches (Llewellyn,
2007). Aguirre-Mendez et al., (2020) found that students who learn chemistry through the
SWH approach develop more positive attitudes towards learning chemistry and have bet-
ter conceptual understanding and argumentative skills than students who do not engage
in implementations of this approach. Hand et al., (2021) conducted a systematic review of
a total of 81 master’s and doctoral theses based on “a knowledge generation approach to
the learning of science called the SWH approach.” These theses focus on students and/or
teachers. The research highlighted the importance of questioning for success, the need for
interactive dialogue/discussion environments, and the use and development of writing. It
was also emphasized that the time to participate in the approach is important to achieve the
desired outcomes for students and to develop teachers’ expertise.

Perception of problem-solving skills, metacognition, IBLabs, and the SWH

Problem-solving is defined as finding the best ways to overcome the obstacles encountered
(Morgan, 2000). Problem-solving is a process that begins with the perception of a problem
and continues until the individual finds a solution, and it involves a series of efforts to
overcome the challenges that arise in achieving the goal (Bingham, 1998; Giiclii, 2003).
Problem-solving skills include the attitude and performance of the individual in the process
of solving the problem. This skill is learned from childhood and is developed throughout
the school years (Miller & Nunn, 2001). Problem-solving perception is an aspect of how
individuals deal with problems they encounter. More specifically, it refers to one’s belief
in one’s ability to solve problems, as well as one’s awareness of the way one goes about
solving problems. The perception of problem solving is an individualistic trait (Heppner,
1988; MacNair & Elliott, 1992). Previous research suggests that this perception is critical
in shaping problem solving skills and thus has a deterministic power in problem solving
(Heppner et al., 2004a; Larson et al., 1993). Perceptions of problem-solving skills can be
described as a person’s beliefs or judgements about their performance in the problem-solv-
ing process (Kaplan et al., 2016).

@ Springer



The effects of prospective chemistry teachers’ laboratory... 2061

The “Problem-Solving Inventory” developed by Heppner & Petersen, (1982) and used
in the current study consists of three factors, namely “(1) problem-solving confidence, (2)
approach-avoidance style, and (3) personal control.” These components show that each
individual has a different perception of their problem-solving skills and a unique way of
dealing with problems in everyday life (Heppner et al., 2004b). “Problem-solving confi-
dence” assesses self-perceived confidence in solving problems when confronted with the
problem for the first time. “Approach-avoidance style” assesses whether individuals tend to
approach problems with alternative solutions, and “personal control” assesses elements of
self-control, that is, how individuals manage emotions and behaviors in the face of unex-
pected problems (Heppner & Baker, 1997; Sahin et al., 1993; Taylan, 1990). When the fac-
tors of perceptions of problem-solving skills are evaluated together, it can be said that they
may reflect the individual’s perception of problem-solving skills in everyday life (Kaplan
et al., 2016).

Metacognition is the awareness of an individual’s cognitive processes (Flavell, 1979)
and enables learners to understand and monitor their cognitive processes (Wengrowicz
et al., 2018). Metacognition has been defined simply as thinking about thinking (Anderson,
1999; Jiménez-Aleixandre, 2007). Metacognition is being aware of one’s thoughts and per-
ceptions, monitoring one’s cognitive processes, evaluating one’s thoughts, and regulating
one’s cognitive processes in relation to recent learning (Hennessey, 1999; Wilson, 2001).
Metacognition is examined in two dimensions, namely “metacognitive knowledge” and
“metacognitive experience.” ‘“Metacognitive knowledge” refers to knowledge about one-
self as a learner in terms of the cognitive processes one engages in, while “metacognitive
experience” involves the regulation of one’s cognition in the refinement of metacognitive
knowledge (Flavell, 2000). Metacognition has an important impact on a person’s knowl-
edge of cognitive process activities such as monitoring and organizing learning, problem-
solving, understanding, and reasoning (Chan & Mansoor, 2007; Oz, 2005). Metacognition
is important because it is effective in the maintenance and implementation of learning,
as well as in learning efficiency, critical thinking, and problem-solving (Hartman, 1998).
Metacognition also provides the learners with skills such as being aware of the learning
process, planning and choosing strategies, monitoring the learning process, correcting mis-
takes, checking whether the strategies used are working, and changing learning methods
and strategies when necessary (Anderson, 1999). Kaplan et al., (2016) state that behaviors
such as making full sense of a problem, choosing appropriate strategies after determining
the action that will solve the problem, abandoning inappropriate strategies, and evaluating
the results after putting the strategies into practice draw attention to metacognition. Meta-
cognitive skills are believed to be closely related to educational activities such as problem-
solving, inquiry, reading, and writing (Zohar & Dori, 2012). The literature suggests that
metacognitive skills improve problem-solving and questioning skills and increase success
and motivation (Kramarski, 2008; Teong, 2002; Vula et al., 2017). Previous research sug-
gests that learning environments that encourage students to use metacognitive strategies
promote problem-solving and higher-order thinking skills (Toth et al., 2000; White &
Frederiksen, 1998).

Significance and purpose of the study

The term metacognition is often used in discussions about how to improve education
and is an important component of educational reform that focuses focusing on inquiry
and thinking (Wilson & Clarke, 2004; Zohar, 2006). It has been noted that the concept

@ Springer



2062 S. Dingol Ozgiir

of metacognition, which influences the problem-solving process, should also be assessed
within the perception of problem-solving skills (Butler & Meichenbaum, 1981; as cited
in Kaplan et al., 2016). Inquiry-based learning is one of the most effective approaches to
developing metacognitive and problem-solving skills in individuals (Carin & Bass, 2001;
Llewellyn, 2005; Schraw et al., 2006). Studies have shown that inquiry-based learning
activities have a positive impact on students’ metacognitive skills or awareness (Raes et al.,
2012; Yildiz, 2008; Yurdakul, 2004) and problem-solving skills (Dipasquale et al., 2003;
Ibrahim, 2003; Lawson, 2010). In the same vein, studies in the field of chemistry edu-
cation suggest that IBL environments enhance the use of metacognitive skills (Haidar &
Al Nagabi, 2008; Sandi-Urena et al., 2011). IBLabs, by their very nature of promoting
inquiry-type chemistry experiments, are crucial to the development of metacognitive skills
(Kipnis & Hofstein, 2008). van Opstal & Daubenmire, (2015) identified several features of
the learning environment that promote the use of metacognitive skills: a supportive social
environment with a focus on reflective practice, as well as an inquiry-based approach (i.e.,
inductive learning). In this context, the SWH strategy, which promotes the use of meta-
cognitive skills in chemistry laboratories, guides IBL practices, and constructs knowledge
through collaborative work (Hand et al., 2004; van Opstal & Daubenmire, 2015), was pre-
ferred in this study. One of the reasons for preferring inquiry-based chemistry laboratory
activities conjugated with the SWH approach is that it is the first laboratory teaching expe-
rience in which PCTs use the inquiry-based approach. In fact, as mentioned above, the
teacher and student template of the SWH technique provides a guide to the process for
prospective teachers. As an IBLab approach, SWH is designed to promote science achieve-
ment through a student-centered approach to collaborative learning. More specifically, as
an argument-based inquiry approach, SWH helps students to use metacognitive strategies
(Akkus et al., 2007) and thus contributes to their long-term problem-solving skills (Burke
et al., 20006).

In their study, DiBiase & McDonald, (2015) show that science teachers consider the
IBL approach as “an effective teaching tool, an important instructional strategy, as well as
a motivating method to develop student problem-solving skills.” It is well documented in
previous studies that the use of IBL and SWH approaches contributes significantly to the
development of students’ problem-solving skills (Burke et al., 2006; DiBiase & McDonald,
2015; Rust, 2011) as well as metacognitive skills (Akkus et al., 2007; Haidar & Al Naqabi,
2008; Kipnis & Hofstein, 2008; van Opstal & Daubenmire, 2015). Despite its known
benefits, IBL strategies have not been sufficiently implemented in teaching and learning,
taking into account educational standards. A study by Deters, (2005) of 571 chemistry
teachers found that 45.5% of teachers were not using IBLab practices. The reasons for the
lack of emphasis on inquiry-based approach in science education have been the subject of
many studies. Some of these drawbacks revolve around the fact that classes that imple-
ment IBL strategies tend to flow more slowly than traditional classes, and it takes more
time to perform activities in these classes. In addition, lack of time for instructional mate-
rials, overcrowded classrooms, teachers’ lack of pedagogical knowledge and skills, prob-
lems related to the implementation of these activities, and students’ low motivation are
some of the barriers related to the use of IBL approach in the classroom or argument-based
inquiry instruction (Brown & Melear, 2006; Cheung, 2007; Choi et al., 2021; Duncan
et al., 2010; Gao & Wang, 2014; Llewellyn, 2007; Ramnarain, 2014; Yoon et al., 2012).
Among these reasons, the lack of teacher training is cited as the most important (Welch
etal., 1981; Yoon et al., 2012; Zion et al., 2013). Based on two chemistry teachers’ percep-
tions of inquiry, Gao & Wang, (2014) show that teachers lack experience and knowledge
in translating the new curriculum expectations and content into inquiry-based instruction
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and in applying the approach in their classrooms. The role of teacher development in the
IBL process is not clear-cut (Murphy et al., 2021). However, the literature indicates that
there is a strong correlation between teachers’ questioning skills and their ability to use
the SWH approach and students’ performance and conceptual development (Akkus et al.,
2007; Gunel, 2006; McDermott, 2009; Mohammad, 2007; Poock, 2005). In addition, the
willingness and readiness of teachers to implement new approaches are another crucial fac-
tor (Gunel, 2006; Promyod, 2013), as the time that teachers need to become proficient in
applying a new approach (Gunel, 2006). The professional development of teachers begins
during their undergraduate education and continues throughout their professional lives.
Therefore, it is important to provide prospective teachers with opportunities to put into
practice the theoretical knowledge they have acquired during their undergraduate educa-
tion. The development of teacher competencies and practices has long been the focus of the
teaching profession. Thus, supporting the development of teachers’ competencies has been
on the agenda of several countries, and Tiirkiye is no exception.

In the research in which the prospective teachers participated, it was found that the
IBL activities had a positive impact on learners’ metacognitive skills (Kipnis & Hofstein,
2008; Raes et al., 2012) and perceptions of problem-solving skills (Ibrahim, 2003; Lawson,
2010). Unlike other studies, the aim of this study is to examine the effects of PCTs’ carry-
ing out laboratory practices as teachers on their own development in terms of metacogni-
tive thinking skills and perceptions of problem-solving skills variables. Therefore, the cur-
rent study seeks to answer the following research questions:

1. Do teaching experiences relying on the inquiry-based chemistry laboratory activities
conjugated with the SWH have significant and positive effects on PCTs’ perceptions of
problem-solving skills compared to traditional laboratory teaching experiences?

2. Do teaching experiences relying on the inquiry-based chemistry laboratory activities
conjugated with the SWH have significant and positive effects on PCTs’ metacognitive
thinking skills compared to traditional laboratory teaching experiences?

Method
Research design

The current study was designed to provide PCTs with the opportunity to design and prac-
tice activities based on laboratory approaches and to explore the impact of these practices
on their metacognitive thinking skills and perceptions of problem-solving skills. In the data
collection phase, “the quasi-experimental non-equivalent pre-test/post-test control group
research design” was utilized. In this design, comparison groups are randomly assigned to
control and experimental groups; participants are not randomly assigned to these groups;
preformed or intact groups are used; and two treatment groups are pre-tested, treated, and
post-tested (Fraenkel & Wallen, 2006; Gay & Airasian, 2000). One group was randomly
assigned to the experimental group, where the PCTs carried out teaching experiences rely-
ing on the inquiry-based chemistry laboratory activities conjugated with the SWH, and the
other group was randomly assigned to the control group, where the PCTs carried out teach-
ing experiences based on the traditional laboratory approach. The PCTs in both groups
were administered the Problem-Solving Inventory and the Metacognitive Thinking Skills
Scale as pre- and post-tests.
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Participants

The study was conducted with 27 volunteer PCTs who were senior students in the Depart-
ment of Chemistry Education at a public university in Ankara, Tiirkiye. There were 14
PCTs in the experimental group and 13 PCTs in the control group. The majority of subject-
specific and professional teaching knowledge courses were completed by the PCTs. The
age of the participants ranged from 23 to 25 years. PCTs have laboratory experience as
students. They have no previous experience as a teacher using IBL, the SWH approach, or
the traditional laboratory approach.

Instruments

The PCTs were given two instruments: Problem-Solving Inventory and Metacognitive
Thinking Skills Scale. Each participant was given 40 min to complete the task.

Instrument 1: Problem-Solving Inventory (PSI)

The inventory, which measures an individual’s self-perception of problem-solving skills,
was developed by Heppner & Petersen, (1982) and first adapted to Turkish by Akkoyun and
Oztan (as cited in Taylan, 1990), followed by Taylan, (1990), Sahin et al., (1993), Savasir
& Sahin, (1997), and Giiglii, (2003). The study of Giiglii, (2003) was taken into considera-
tion in determining the perceived level of problem-solving skills of PCTs. Accordingly, the
inventory consists of three factors and 28 items, including 10 items in the “Problem-Solv-
ing Confidence” (PSC) factor, 13 items in the “Approach-Avoidance Style” (AAS) factor,
and 5 items in the “Personal Control” (PC) factor. PSC is described as confidence in one’s
ability to solve problems when engaging in a variety of problem-solving activities. PC is
defined as the belief that one is in control of one’s emotions and behavior during problem-
solving, while AAS is described as a general tendency to approach or avoid various prob-
lem-solving activities (Heppner & Baker, 1997).

The sample items for each factor are presented in Table 1.

The Cronbach’s alpha values of these factors were calculated as 0.81, 0.84, and 0.70,
respectively (Giiclii, 2003).

A high score on this scale indicates that an individual feels incompetent in terms of
problem-solving skills (Heppner & Petersen, 1982; Taylan, 1990). The inventory is a
self-assessment questionnaire. The inventory does not determine an individual’s problem-
solving skills, but it does allow them to assess or notice their problem-solving skills or

Table 1 The sample items for each factor of PSI

PSC Iam usually able to think up creative and effective alternatives to solve a problem. When faced with
a novel situation, I have confidence that I can handle problems that may arise

AAS When a solution to a problem was unsuccessful, I do not examine why it didn’t work. When I am
confused by a problem, one of the first things I do is survey the situation and consider all the
relevant pieces of information

PC  Even though I work on a problem, sometimes I feel like I am groping or wandering, and am not

getting down to the real issue. Sometimes I get so charged up emotionally that I am unable to
consider many ways of dealing with my problems
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performance in the problem-solving process (Abaan & Altintoprak, 2005). The PSI was
administered to PCTs in both groups as a pre- and post-test to examine the effect of chem-
istry laboratory teaching experiences on PCTs’ perceptions of problem-solving skills.

Instrument 2: Metacognitive Thinking Skills Scale (MTSS)

The scale developed by Tuncer & Kaysi, (2013) was used to determine the metacognitive
thinking skills of PCTs. It is a 5-point Likert-type scale consisting of 18 items and four
factors. The factors of the scale are as follows: “Thinking Skills (TS),” “Reflective Think-
ing Skills Towards Problem-Solving (RTSTPS),” “’Decision-Making Skills (DMS),” and
“Alternative Skills of Evaluation (ASE).” The sample items for each factor are presented in
Table 2.

The Cronbach’s alpha reliability coefficient values of the scale were 0.881 for the whole
scale, 0.786 for the TS factor, 0.767 for the RTSTPS factor, 0.784 for the DMS factor,
and 0.704 for the ASE factor (Tuncer & Kaysi, 2013). To examine the effect of chemistry
laboratory teaching experiences on PCTs’ metacognitive thinking skills, the MTSS was
administered to PCTs in both the experimental and control groups as a pre- and post-test.

Procedure

The research protocol was approved by the University Ethics Committee and informed
consent was obtained from all participants. The research study covers a period of 14 weeks.
The distribution of practices performed in the experimental and control groups during this
process by week is as follows:

In the first week, the PCTs were briefed by the researcher on the content and procedures.
The PSI and MTSS were administered as a pre-test.

In the second week, the PCTs were informed through visual materials about basic lab-
oratory materials, cleaning and drying of glass materials, precautions to be taken while
working in the laboratory, laboratory accidents, and first aid. The aim of this process was
to refresh the forgotten information and to encourage the PCTs to take this information into
account in their practices.

PCTs in the experimental group were provided with information and practical
examples of the IBL and SWH approaches. The SWH, which is shown in the student
template in Appendix Table 7 and consists of seven stages, was shared with the PCTs

Table 2 The sample items for each factor of MTSS

TS I try different working methods to obtain the best solution. Before beginning a new task, I think
of what I will need to learn the task

RTSTPS  After solving a problem, I think if I could find a better way. After I solve a problem, I compare
my results with my friends’ results and evaluate the solution

DMS I think about how my decisions can affect others. Before I make a decision, I think carefully
what, how and to whom my decision will address

ASE I am aware of thinking techniques or strategies concerning the topic I am working on. I change
my thinking technique or strategy of my work when necessary
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for use in their laboratory practices. The PCTs were free to determine the topics and
choose the experiments.

In determining the topic and selecting the experiments, it was pointed out that the
chosen topic should be applicable to this approach, that the expected readiness of the
students for the topics and experiments should be taken into consideration, that the
directions to be used in the topics and the experiments should be planned, and that
the issues to be considered in the experiments (the experiment should be interesting,
intriguing; the materials used in the experiment should be available in laboratories or
easily obtainable; the experiment should not have harmful effects, etc.) were indicated.

Once the information was provided, the dates of the practices were set primarily at
the request of the PCTs.

PCTs in the control group were provided with information and practice samples on
the traditional “cookbook” laboratories. They were also free to determine the topics
and choose the experiments.

In the 3rd, 4th, 5th, and 6th weeks, the PCTs were given time to conduct their
research, develop their plan, and complete their preparations. During this 4-week prep-
aration period, the PCTs were guided by the researcher as needed.

According to the high school chemistry curriculum, the topics and grade levels of
the topics used by the PCTs in the practices are as follows:

1. 9th Grade: (1) States of Matter, (2) Periodic Specifications - Heat Conduction, (3)
Surface Tension of Liquids, (4) Evaporation, Condensation, and Boiling

2. 10th Grade: (5) Mixtures, (6) Mixtures - The Concept of Dissolution, (7) Law of Con-
servation of Mass, (8) Acids and Bases, (9) Acids and Bases in Our Lives

3. 11th Grade: (10) Gases-Gas Pressure, (11) Ideal Gas Law, (12) Chemical Reactions-
Combustion Reactions, (13) Exothermic and Endothermic Reaction Concepts, (14) Fac-
tors Affecting Solubility and Dissolution Rates

During the following 7 weeks, the PCTs in the experimental group carried out the
laboratory teaching experiences they had prepared based on the IBLab activities conju-
gated with the SWH. The PCTs carried out their practices in a laboratory environment
with 10-12 students, designed for an appropriate grade level (i.e., micro-teaching prac-
tices). The participating students were experienced with the IBL approach; more spe-
cifically, they were quite competent in using information sources and asking questions
according to the grade level. During the implementation process, students worked in
groups of 3 or 4 for one or two class periods, depending on the focus content.

During the following 7 weeks, the PCTs in the control group carried out the labora-
tory teaching experiences they had prepared using the traditional laboratory approach.
They carried out their practices in a laboratory environment with 10-12 students,
designed for an appropriate grade level (i.e., micro-teaching practices).

During the last week, the PSI and the MTSS were administered to the PCTs as a
post-test. In addition, the PCTs in each group were brought together and asked to eval-
uate themselves for their development, briefly summarize their practices, share their
experiences, and communicate their suggestions to each other. The researchers also
made evaluations of the successful parts, the parts that could be improved, the parts
that were defective, if any, and the parts that could be made differently.
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Data analysis

The data obtained from the two groups were transferred to the electronic environment and
prepared for the required statistical analysis. IBM SPSS 2023 statistical software was uti-
lized for data analysis. Descriptive statistics and the results of the Shapiro-Wilk normality
test were examined to obtain information about the general characteristics of the data and
to determine whether or not they were normally distributed (see Appendix Table 8). The
PSI and MTSS pre- and post-test total and factor scores of the PCTs show a normal distri-
bution (p > .05). Therefore, it was decided that using the parametric test would be appro-
priate to answer the research questions. A dependent ¢ test was used to test the significance
of the difference between PSI and MTSS pre- and post-test total and factor scores within
the groups. An independent ¢ test was performed to determine the differences between the
groups.

Results
Preliminary results

In order to better understand the effect of the PCTs’ teaching experiences relying on the
IBLab activities conjugated with the SWH on their perceptions of problem-solving skills
and metacognitive thinking skills, the equivalence of the control and experimental groups
was assessed.

For this reason, the mean pre-test scores for the control and the experimental groups
were compared using an independent ¢ test (see Appendix Table 9). The ¢ test results
indicated that there were no significant differences between the control and experimental
group participants’ mean pretest scores on the PSI and MTSS (p ~ .05). According to these
results, the PCTs’ metacognitive thinking skills and perceptions of problem-solving skills
were initially considered equal for both groups.

Results of the 1st research question

The first research question was as follows: “Do teaching experiences relying on the
inquiry-based chemistry laboratory activities conjugated with the SWH have significant
and positive effects on PCTs’ perceptions of problem-solving skills compared to traditional
laboratory teaching experiences?” In order to answer this question, a comparison was made
between the perceptions of problem-solving skills of the PCTs in the experimental group
and those in the control group. The results of the independent ¢ test conducted to examine
the mean PSI scores of the control and experimental groups are presented in Table 3.

The low scores obtained from the PSI are effective in solving problems refer to effec-
tiveness in problem-solving, and high scores indicate an inability to find effective solutions
to problems.

The results of the analysis show that there is no statistically significant difference
between the mean PSI post-test total scores of the PCTs of the control and experimen-
tal groups (p > .05). Regarding the PSI factors, there was a statistically significant differ-
ence between the post-test scores of the control and experimental groups on the PSC (p
< .05), but there was no statistically significant difference between the post-test scores of
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Table 3 The ¢ test results of the

post-test scores of the PCTs on Pst N M SD ar P
the PSI PSC Control 13 2346 457 25 -2524 018
Experimental 14 18.85 4.88
AAS Control 13 3423 7.16 25 -0906 .374
Experimental 14 31.92 6.03
PC Control 13 1630 281 25 -0.790 .437
Experimental 14 15.57 1.98
Total score  Control 13 7400 1247 25 -1.787 .086

Experimental 14 66.35 9.66

the control and experimental groups on the AAS and PC factors (p > .05). The effect size
(Cohen’s d) of the PSC variable that had a statistically significant difference was calculated
to be 0.97. For the calculated d value, 0.20 indicates a small effect size, 0.50 indicates a
medium effect size, and 0.80 indicates a large effect size (Cohen, 1992). Accordingly, the
effect size of the PSC variable is quite large.

Once these results were obtained, the differences between the pre- and post-test scores
of the groups were also examined. The dependent ¢ test was used (see Table 4).

Based on the results presented in Table 4, there was no statistically significant dif-
ference between the pre- and post-test scores of the PSC, AAS, PC factors and total
scores of the control group PCTs. On the other hand, there was a statistically signifi-
cant difference between the pre- and post-test scores of the PCTs in the experimental
group in terms of total scores and all factor scores except the PC factor scores (p <
.05). The mean PSI score of the PCTs in the experimental group was 76.92 before the
practices and 66.35 after the practices. The mean PSC factor score of the PCTs was

Table4 The ¢ test results of the pre- and post-test scores of the PCTs on the PSI

PSI N M SD df t P
PSC Control Pre-test 13 23.92 8.59 12 -0.172 .866
Post-test 13 23.46 4.57
Experimental Pre-test 14 24.14 9.26 13 —-2.422 .031
Post-test 14 18.85 4.88
AAS Control Pre-test 13 36.61 5.73 12 -0.753 466
Post-test 13 34.23 7.16
Experimental Pre-test 14 37.00 6.07 13 —2.649 .020
Post-test 14 31.92 6.03
PC Control Pre-test 13 15.30 2.65 12 0.987 343
Post-test 13 16.30 2.81
Experimental Pre-test 14 15.78 2.72 13 -0.291 775
Post-test 14 15.57 1.98
Total score Control Pre-test 13 75.84 14.28 12 0.301 7169
Post-test 13 74.00 12.47
Experimental Pre-test 14 76.92 14.19 13 -3.201 .007

Post-test 14 66.35 9.66
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calculated as 24.14 before the practices and 18.85 after the practices; the mean AAS
factor score was calculated as 37.00 before the practices and 31.92 after the practices;
and the mean PC factor score was calculated as 15.78 before the practices and 15.57
after the practices. When examined according to the factors, it can be seen that the
teaching experiences relying on the IBLab activities conjugated with the SWH lead
to a significant change in the improvement of the PSC and AAS factor scores of the
PCTs but do not lead to a significant change in the PC factor scores (although there is
a slight decrease in the scores).

Results of the 2nd research question

The second research question was as follows: “Do teaching experiences relying
on the inquiry-based chemistry laboratory activities conjugated with the SWH
have significant and positive effects on PCTs’ metacognitive thinking skills com-
pared to traditional laboratory teaching experiences?” In order to answer this
question, a comparison was made between the metacognitive thinking skills of
the PCTs in the experimental group and those in the control group. The results of
the independent ¢ test conducted to examine the mean scores of the control and
experimental groups on the MTSS are presented in Table 5.

The results showed that there was a statistically significant difference between
the mean scores on the MTSS total and factor post-tests scores of the PCTs of the
two research groups in favor of the experimental group (p < .05). The effect sizes
(Cohen’s d) of the variables with statistically significant differences (TS, RTSTPS,
DMS, ASE, and total score) were calculated as 1.71, 3.77, 1.92, 3.33, and 3.98,
respectively. Accordingly, the effect size is quite large.

As a result of these findings, the differences between the pre- and post-test scores of the
groups were also examined. The dependent ¢ test was used (see Table 6).

The analysis results shown in Table 6 indicate that there was no statistically significant
difference between the pre- and post-test scores of the TS, RTSTPS, ASE factors and the
total scores of the control group PCTs (p ~ .05), but there was a statistically significant dif-
ference between the pre- and post-test scores of the DMS factor only (p *.05). On the other
hand, there was a statistically significant difference between the pre- and post-test scores
of the PCTs in the experimental group in terms of total scores and all factor scores (p <
.05), in favor of the post-test scores. It was found that total and factor mean MTSS scores

Table 5 The ¢ test results of the

post-test scores of the PCTs on MTSS N M Sb ar P
the MTSS TS Control 13 1877 169 25 4457 .00
Experimental 14 2221 225
RTSTPS Control 13 1592 144 25 9814 .00
Experimental 14 21.50 1.50
DMS Control 13 1430 131 25 4992 .00
Experimental 14 17.21 1.67
ASE Control 13 1277 173 25 8651 .00
Experimental 14 17.78 1.25
Total score  Control 13 6177 3.08 25 10.356 .00

Experimental 14 78.71 5.09
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Table 6 The ¢ test results of the pre- and post-test scores of the PCTs on the MTSS

MTSS N M SD df t P
TS Control Pre-test 13 18.15 1.67 12 -1.979 .071
Post-test 13 18.77 1.69
Experimental Pre-test 14 18.35 2.13 13 4.880 .000
Post-test 14 22.21 2.25
RTSTPS Control Pre-test 13 15.30 1.79 12 -1.860 .088
Post-test 13 15.92 1.44
Experimental Pre-test 14 15.92 1.43 13 9.438 .000
Post-test 14 21.50 1.50
DMS Control Pre-test 13 13.61 1.85 12 -2.920 .013
Post-test 13 14.30 1.31
Experimental Pre-test 14 13.50 1.45 13 5.316 .000
Post-test 14 17.21 1.67
ASE Control Pre-test 13 12.46 1.66 12 -1.477 165
Post-test 13 12.77 1.73
Experimental Pre-test 14 12.92 1.26 13 14.062 .000
Post-test 14 17.78 1.25
Total score Control Pre-test 13 60.23 3.26 12 -2.187 .05
Post-test 13 61.77 3.08
Experimental Pre-test 14 61.07 3.70 13 11.012 .000

Post-test 14 78.71 5.09

increased after the practices (see Table 6). From the data obtained, it can be concluded that
the teaching experiences relying on the IBLab activities conjugated with the SWH have a
significant effect on the increase of the factor scores and the total scores of the metacogni-
tive thinking skills of the PCTs.

Discussion

In terms of the professional development of prospective teachers, it is important that
they put into practice the theoretical knowledge they have acquired during their under-
graduate education through their teaching experiences. The present study primarily
provided PCTs with an opportunity to translate their theoretical knowledge of IBLabs,
SWH, and the traditional laboratory approach into practical action. This study aimed
to examine the effects of PCTs’ teaching experiences relying on the inquiry-based
chemistry laboratory activities conjugated with the SWH approach on their “percep-
tions of problem-solving skills” and “metacognitive thinking skills.” This was done
by comparing the data from two groups in the presence of a control group performing
traditional laboratory activities.
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The results showed that there was a more positive improvement in the perceptions
of problem-solving skills of the PCTs in the experimental group compared to the PCTs
in the control group on the total score and all factor scores (see Table 4). While there
was no significant difference between the pre- and post-test in the control group for
PSI total and factor scores, the positive improvements in the experimental group were
found to be significant, except for the PC factor. The results also show that there was
a significant difference in favor of the experimental group in terms of total scores in
these improvements (see Table 4). When the mean post-test scores of the factors were
examined, it was found that there was a significant change in the scores of the PSC
factor in favor of the experimental group; however, the improvement in the scores of
the AAS and PC factors and the PSI total scores did not result in a significant change
(see Table 3). When the statements provided in the factors were examined, it was seen
that the factor of PSC includes the items related to finding creative and effective solu-
tions to solve problems, ability to solve problems, ability to solve new and difficult
problems, confidence in understanding problems and making plans to solve the prob-
lem, and being able to carry out the plan. In other words, this factor reveals PCTs’
confidence in their problem-solving skills. In contrast to the control group, the PCTs
in the experimental group prepared for the application of the laboratory approach,
which was new to them, by planning the process by thinking like a student, thinking
of additional applications to guide the students, evaluating the possibilities by trying
the experiments themselves before the lesson, and making plans to reach the end of
the process despite possible problems in the application process. In this regard, it is
thought that the significant increase in confidence in problem-solving skills (i.e., PSC
factor score) of the PCTs in the experimental group is closely related to the prepara-
tion process for laboratory applications. The AAS factor includes expressions such
as evaluating the options or generating many options in the problem-solving process,
evaluating the success rates of each of the options, evaluating the effect of external
factors in solving the problem, and evaluating the information related to the issue.
The PC factor includes statements about making personal decisions, personal prob-
lems and solutions, and making immediate or emotional decisions. Although there
is some improvement, the lack of a significant difference in the AAS factor, which
indicates the individual’s behavior to face the problem or escape, and the PC factor,
which expresses the individual’s sense of being able to control the problem situa-
tion, can be explained by the fact that they did only one laboratory application and
did not encounter enough situations related to these variables during the application
process. It has been found that the development of higher-order skills is more likely to
occur through inquiry or problem-based experiments in laboratories (Hofstein et al.,
2005; Seery et al., 2019). In contrast to the other studies, the present research exam-
ined the impact of teaching experiences (designing and practicing laboratory activi-
ties) based on the IBLab activities conjugated with SWH on prospective teachers’
perceptions of problem-solving skills. The PCTs went through different stages of
preparation to carry out practices with their students using IBL activities conjugated
with SWH as the teacher. They created different plans they could use to think about
the problems or situations they might face and to guide their students through the
problems they might encounter. In addition, during the implementation process, they
were faced with situations that they had not anticipated during the preparation phase
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and, as teachers, created appropriate solutions. The researcher guided the PCTs both
during the preparation phase and by conducting post-practice evaluations. Suggested
solutions for situations they might encounter during practice were discussed. It can
be said that all of these processes are more effective in their perception of problem-
solving skills compared to the control group. This study did not focus on improving
PCTs’ problem-solving skills. In the problem-solving process, the perception of the
individual’s problem-solving ability is crucial (Wismath et al., 2014). How individu-
als perceive themselves in terms of their problem-solving skills is an important aspect
of how they think and behave in the problem-solving process (Larson et al., 1993). In
developing problem-solving skills, it is important to provide guidance and feedback
to individuals by introducing strategic methods and modeling their use (Jeon et al.,
2005). Goktepe Yildiz & Goktepe Korpeoglu, (2023) found that there is a relationship
between students’ creative problem-solving characteristics and their perceptions of
problem-solving skills. While individuals with a high perception of problem-solving
skills are able to deal with the events they encounter in a calm and decisive manner,
individuals with a low perception of problem-solving skills are anxious and insecure
in the face of events and failure to understand the expectations of others (Dixon et al.,
1991; Rosenberg, 1989). From this point of view, teachers who have high perceptions
of problem-solving skills will be effective in their school life and in the processes of
coping with the problems they will encounter in the learning environment.

Another result of the current study showed that there were differences in the PCTs’
total metacognitive thinking skills scores and the scores of TS, RTSTPS, DMS, and ASE
when the groups were compared to each other. The results showed that there was a more
positive increase in the metacognitive thinking skills of the PCTs in the experimental
group compared to the PCTs in the control group on the total score and all factor scores.
While there was no significant difference between the pre- and post-test in the control
group for MTSS total and factor scores except for the DMS factor score, all positive
improvements in the experimental group were found to be significant. The literature
found that IBL activities positively developed learners’ metacognitive thinking skills/
awareness (Raes et al., 2012; Yildiz, 2008; Yurdakul, 2004). To date, there is no research
on the impact of prospective teachers’ designing and practicing activities based on the
IBLab activities conjugated with the SWH approach as a teacher on their metacognitive
thinking skills. In SWH-based practices, students engage in metacognitive activities. The
positive impact of SWH practices used in science courses on the development of stu-
dents’ metacognitive knowledge and skills has been highlighted in several studies (Hand
et al., 2004; Hohenshell & Hand, 2006; Keys et al., 1999). Wallace et al., (2004) stated
that learners are expected to have metacognitive skills to acquire skills such as making
explanations, providing evidence to support their knowledge, making claims using data
they have obtained, and interpreting the data in relation to their research questions by
making evaluations. Chemistry teachers are expected to be aware of and develop their
own metacognitive skills and to create learning environments that enhance students’ cog-
nitive, affective, and metacognitive skills. Several studies have emphasized the impor-
tance of metacognition for problem-solving skills and understanding of chemistry top-
ics (Cooper & Sandi-Urena, 2009; Kaberman & Dori, 2009; Tsai, 2001). In addition, as
part of this study, prospective teachers also reflected on their preparation, practices, and
experiences and rated them as positive-negative, successful-unsuccessful, incomplete-
exaggerated, or other. This is consistent with the function of developing metacognitive
skills. Zion et al., (2005) also claim that the development of metacognitive skills is usu-
ally provided by asking students to monitor and reflect on their learning performance.
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Conclusion

In summary, the results of this study show that PCTs’ teaching experiences relying on
the IBL activities conjugated with the SWH had a positive effect on their perceptions
of problem-solving skills and metacognitive thinking skills, compared to traditional
laboratory teaching experiences. The current study differs from previous studies in
that it focuses on design activities and experiments of PCTs through IBL activities
conjugated with SWH. Although the IBL and SWH approaches have been well docu-
mented in previous research, prospective teachers participate in these studies as stu-
dents, not in the role of teachers as in the current study. This study provides new
insights into the impact of variables (i.e., students’ questions and challenges) in the
laboratory practice preparation and practice processes on the development of PCTs.
In addition, the impact of these processes was quantitatively evaluated using scales
compared to the tradition in existing research.

As a necessity of our age, we aim to educate our students to be scientifically lit-
erate, responsible learners, curious, entrepreneurial, explorers, and problem solvers.
To achieve this goal, it is necessary to train future teachers to design learning envi-
ronments based on constructivist approach so that learners can acquire these skills.
Therefore, it is essential to provide opportunities for prospective teachers to put into
practice the theoretical knowledge they have acquired during their education, to expe-
rience the process of teaching, and to practice and gain experience.

Appendix

Table 7 SWH teacher template and student template

Teacher template

Exploration of pre-instructional understanding through individual or group concept mapping.

Pre-laboratory activities, including informal writing, making observations, brainstorming, and posing
questions.

Participation in laboratory activity.

Negotiation phase [—writing personal meanings for laboratory activity (e.g., writing journals).

Negotiation phase II—sharing and comparing data interpretations in small groups (e.g. making a group
chart).

Negotiation phase IIl—comparing science ideas to textbooks or other printed resources (e.g. writing
group notes in response to focus questions).

Negotiation phase [V—individual reflection and writing (e.g., creating a presentation such as a poster or
report for a larger audience).

Exploration of post instruction understanding through concept mapping.

Student template

Beginning ideas ~ ----- What are my questions?

Tests - What did I do?

Observations ~ ----- What did I see?

Claims - What can I claim?

Evidence @~ - How do I know? Why am I making these claims?
Reading - How do my ideas compare with other ideas?
Reflection - How have my ideas changed?
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Tales Normuliy st il S
pre-test and post-test Variables Groups Statistic  df  Sig. (p)

PSI pre-test PSC Experimental  0.935 14 354
Control 0.929 13 .333

AAS Experimental  0.969 14 867

Control 0.970 13 .891

PC Experimental  0.961 14 .740

Control 0.971 13 .905

Total Experimental  0.943 14 453

Control 0.970 13 .892

PSI post-test PSC Experimental 0.964 14 781
Control 0.970 13 .891

AAS Experimental  0.945 14 491

Control 0.890 13 .097

PC Experimental  0.942 14 449

Control 0.955 13 .676

Total Experimental  0.965 14 .808

Control 0.953 13 .643

MTSS pre-test TS Experimental 0.918 14 204
Control 0.927 13 313

RTSTPS  Experimental 0.890 14 .080

Control 0.904 13 154

DMS Experimental  0.897 14 .102

Control 0.913 13 .203

ASE Experimental 0.901 14 116

Control 0917 13 .226

Total Experimental  0.975 14 935

Control 0.975 13 946

MTSS post-test TS Experimental 0.914 14 177
Control 0.917 13 .230

RTSTPS Experimental 0.900 14 .114

Control 0914 13 .207

DMS Experimental 0.951 14 576

Control 0.919 13 246

ASE Experimental  0.907 14 142

Control 0.918 13237

Total Experimental 0.971 14 .894

Control 0.973 13930
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Table 9 The ¢ test results of the PCTs in the control and experimental groups on the PSI and MTSS pre-test
scores

Variables Groups N X SD df t p
PSI PSC Control 13 23.92 8.59 25 0.064 .950
Experimental 14 24.14 9.26
AAS Control 13 36.61 5.73 25 0.169 .867
Experimental 14 37.00 6.07
PC Control 13 15.30 2.65 25 0.461 .649
Experimental 14 15.78 2.72
Total score Control 13 75.84 14.28 25 0.197 .845
Experimental 14 76.92 14.19
MTSS TS Control 13 18.15 1.67 25 0.274 .786
Experimental 14 18.35 2.13
RTSTPS Control 13 15.30 1.79 25 0.994 330
Experimental 14 15.92 1.43
DMS Control 13 13.61 1.85 25 —0.181 .858
Experimental 14 13.50 1.45
ASE Control 13 12.46 1.66 25 0.824 418
Experimental 14 12.92 1.26
Total score Control 13 60.23 3.26 25 0.623 539

Experimental 14 61.07 3.70

Abbreviations /BL: Inquiry-based learning; /BLab: Inquiry-based laboratory; IBLabs: Inquiry-based labora-
tories; SWH: Science writing heuristic; PCTs: Prospective chemistry teachers
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