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ABSTRACT The purpose of this study is to investigate and compare the effects of laboratory experiments
and argumentation-based science teaching on science process skills, metacognitive awareness levels, and
attitudes towards the science of 4th-grade elementary school students. In this study conducted according to
the quantitative research method, a pre-test and post-test quasi-experimental design was used with two
experimental groups and a control group. Students from three classes of an elementary school participated in
the study (N = 98). "Science Process Skills Test," "What Do I Really Think about Science Scale," and
"Metacognitive Awareness Scale" were employed to collect data for the research. The study results showed
that the science process skills of the 4th-grade students improved significantly in both experimental groups,
which were taught by employing experiments and argumentation. Students' metacognitive awareness levels
and attitudes towards science developed in all three groups. However, it was observed that the development
was higher in the groups in which science teaching based on experiments and argumentation-based science
teaching was performed, compared to the control group.

Keywords Argumentation, Experiments, Metacognition, Science Process Skills, Science Teaching

1. INTRODUCTION skills, teachers are reluctant to practice argumentation

Since the development of information technology (Jimenez-Aleixandre, Rodriguez, & Duschl, 2000;
facilitated access to information, today's schools aim to Newton, Driver, & Osborne, 1999). Furthermore,
help students acquire higher-order skills rather than argumentation is hardly utilized in primary grades. A
directly giving them the information. The 21st century review of research on argumentation shows that although
requires individuals to have digital-age literacy, critical a significant amount of research has been done at the
thinking, creative thinking, effective communication, and middle and high school level, the number of studies

high efficiency (NCREL, 2003). Therefore, today's conducted with primary school children is limited (Bag &
schools' primary goal is to equip students with these skills CGalik, 2017). More studies on the applicability of

by making necessary arrangements in educational argumentation-based teaching in primary grades are
environments by utilizing teaching approaches considered needed. Furthermore, comparing the effectiveness of
useful in acquiring these skills. One of these approaches is experiments and argumentation on particular cognitive
argumentation-based teaching. and affective variables is valuable since the questions of

The importance of experiments is well known, and
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"Which is more effectiver” or "Could one of them be an
alternative to the other?" will be answered.

The purpose of this research is to investigate and
compare the effects of laboratory experiments and
argumentation-based science teaching on science process
skills, metacognitive awareness level, and attitudes toward
science of 4th-grade students.

1.1. Theoretical Framework

The argumentation process involves making claims,
using data to support the claims, warranting the claims
with scientific evidence, and further backing the warrants
(Simon, Erduran, & Osborne, 20006). Accordingly, an
argument is developed when a claim is made, providing
evidence that supports this claim. (Simon et al., 2006; Van
Eemeren & Grootendorst, 2004).

According to Toulmin (2003), an argument is an
assertion and its accompanying justification. In a simple
argument, there are three elements: data, claim and
warrant. Toulmin also provides a more complex argument
structure consisting of data, claim, backing, warrant,
rebuttal, and qualifier, as seen in Figure 1.

Among these elements, data refer to evidence or
specific information used to support the claim. A claim is
an assertion that the individual would like to prove.
Warrants explain the relationship of data with the claim.
The backing is the generally widely accepted basic
assumptions that justify strengthening the warrant.
Qualifiers represent the special cases where the claims are
correct and the limits of accuracy of the claim. On the
other hand, Rebuttals represent special cases where the
claim is not valid (Driver, Newton, & Osborne, 2000;
Lazarou, 2010; Roberts & Gott, 2010; Simon et al., 20006;

Coat prevents the heat
exchange between the

Von Aufschnaiter, Erduran, Osborne, & Simon, 2008).

An example covering all Toulmin's argument model
elements is given in Figure 2 (Kalemkus, Bayraktar, &
Ciftci, 2019).

As an element of scientific language, argumentation is
essential both in the creation and transmission of
scientific knowledge (Jimenez-Alexiandre et al., 2000).
Considering that argumentation is one of the dimensions
of acculturation in scientific discourse, it should be
encouraged in science education (Jimenez-Aleixandre &
Erduran, 2007). By developing arguments and evaluating
others' arguments, students can build an understanding of
how scientific knowledge is created (Driver et al., 2000).

Qualifier
\
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Warrant '
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Figure 1 Toulmin's argument model (Toulmin, 2003:
97)

This is possible if the
fabric of the coat is
cotton or wool.

(Qualifier)

A person dressed in

body and the external
environment, (Data)

It provides thermal

coat gets less cold in
winter. (Claim)

insulation to prevent

heat exchange.
(Warrant)

But this is not true if
the coat is made of
nylon. (Rebuttal)

Heat of external environment is not
transmitted to the body and the
body temperature will not drop.

(Backing)

Figure 2 An example covering all the elements of Toulmin's argument model
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Inclusion of argumentation in the teaching process
supportts students' critical thinking skills, improves their
knowledge, thoughts, and judgment, and increases their
ability to use scientific language (Osborne, Erduran,
Simon, & Monk, 2001).

According to Driver et al. (2000), argumentation in
science classes can help students understand the social
dimension of science, improve their understanding of
science's  epistemology, and develop conceptual
understanding and research skills. Students find a chance
to compare their ideas and others' on a particular topic
during the argumentation process. In a condition that
their ideas contradict others, they evaluate the others'
claims based on the supporting evidence. Suppose the
supporting data, warrants, and backings are sufficient. In
that case, students realize that their previous conceptions
are not acceptable and reorganize their conceptual
framework to accommodate the new knowledge,
indicating that conceptual change occurs.

The fact that science generally includes abstract
concepts, using teaching methods based on active learning
seems to be mandatory. Laboratory experiments are
essential in science education since they engage students
with hands-on learning experiences (Ozdener, 2005).
Experiments could be defined as actions carried out in an
appropriate environment with the necessary tools and
equipment to demonstrate a known fact or test a
hypothesis. In a learning environment based on laboratory
experiments, students will have the opportunity of
establishing a cause-effect relationship for the phenomena
they encounter, identifying the problem and thinking
about both causes and solutions of this problem,
designing experiments to implement the solutions they
thought of, and performing these experiments to draw
conclusions based on the data they collected.

Using experiments, students would have a chance to
know the world of scientists. Students, who obsetrve their
teacher or peers while constructing and testing a
hypothesis, might develop a tendency to construct their
hypotheses and test them. While testing the hypothesis,
students think about variables that might affect the result,
collect data, and reach the result by evaluating the data
obtained. In this way, the students acquire higher-level
cognitive skills by establishing a cause-effect relationship.
If the students' hypothesis is not valid, they enter a
different thinking process and feel a need to search for
different solutions for the problem or reconsider their
variables. When students need to construct a different
hypothesis about the problem, they refer to social
communication with peers and reach different solutions,
thoughts, or ideas by interacting with them. Students'
constructing and testing hypotheses enable them to
discover the way the knowledge is constructed. In this
process, where the student is active, learning by doing is
supported. The students' psychomotor skills are also
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supported by the experiments cartied out as the students
experience the process similar to that of scientists, their
interest, curiosity, and motivation towards science
increase. Experiments carried out both in the classroom
and in the laboratory environment lead students to gain
the ability to explain the events they encounter in daily life
using scientific language. Also, through the experiences,
the knowledge acquired by students becomes more
concrete. Furthermore, students could relate the
knowledge with their existing concepts, and meaningful
learning takes place.

Science process skills have been defined as a set of
practical skills for many scientific disciplines and reflect
the skills scientists use in scientific research (Anagin &
Yasar, 2009; Padilla, 1990). Science process skills are
grouped under two categories: necessary process skills and
integrated process skills. Basic process skills atre
fundamental for scientific inquiry. Integrated skills, on the
other hand, are grounded on the necessary skills and more
complex (Padilla, 1990). Necessary process skills are
recording data, classifying, measuring, communicating,
observing, using space-time relationship between number
and space, estimating (predicting), and drawing
conclusions. Integrated process skills are: hypothesizing,
determining/controlling  variables, interpreting data,
designing/conducting  experiments, modeling, and
defining operationally. Many reports on learning science
emphasized that students should not only gain conceptual
and quantitative information but also need to develop
science process skills such as hypothesizing, designing
experiments and making conclusions based on data and
observations, and working with other people as a team to
solve complex and open-ended problems (Etkina,
Karelina, & Ruibal-Villasenor, 2008; Yang & Heh, 2007).

Metacognition is defined by Flavell (1976) as the
information that a person has about their cognitive
processes and products of these processes. For example;
If I realize that I have more difficulty in learning A than
B; If I think I should check again before I conclude that C
is correct; If 1 think I should carefully examine each one
before deciding which one is the best for a multi-choice
job, this is a metacognitive process (Flavell, 1976).

Flavell (1979) believes that cognitive monitoring
interventions occur through interactions between four
concepts:  metacognitive  experience,  goals/tasks,
metacognitive knowledge, and strategies/actions. An
individual acquires metacognitive knowledge as a
cognitive creature telated to humans and their various
cognitive tasks, goals, actions, and experiences. A child
who is aware that, unlike his friend, he is better in
mathematics than essay writing can be given as an
example of this knowledge. Metacognitive experiences are
cognitive or affective experiences that accompany and
relate to any cognitive intervention (Flavell, 1979). It is an
example of a metacognitive experience to think of the
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possibility of failure in some attempts to take place or to
think that the previous attempt was performed very well
(Flavell, 1979). Aims/tasks represent the goal of cognitive
intervention. Actions/strategies, on the other hand,
actions/strategies explain the cognition ot behaviors used
to achieve them (Flavell, 1979).

An individual's positive or negative emotional
tendency towards objects, people, places, events, and
ideas expresses the concept of attitude (Ipek & Bayraktar,
2004). Having a positive attitude towards any lesson
increases the student's motivation to learn that lesson.
Thus, academic success can be expected to increase.
Research by Downing and Filer (1999) and Zeidan and
Jayosi (2015) reveal a significant positive relationship
between attitudes and science process skills towards
science.

1.2, Literature Review

A study by Asterhan and Schwarz (2007) examining
the effect of argumentation on understanding concepts
related to evolution determined that students participating
in the argumentation process acquired more knowledge
and retained the knowledge compared to the control
group students. It was determined that the control group
participants either lost their gains or failed to improve
their conceptual understanding. Von Aufschnaiter et al.
(2008) examined the argumentation processes and
cognitive development of secondary school students in
science and sociology courses. The research results
determined that the students used their previous
experiences and knowledge when they participated in the
argumentation. Besides, students reinforced their existing
knowledge and could elaborate on science concepts with
such activities. Kingir (2011) investigated the effects of
argumentation-based science learning approach on
students' understanding of the concepts of chemistry and
their academic achievement. The study results showed
that this approach is more effective in understanding
concepts related to chemical change and mixtures than
traditional instruction.

Tiurkoguz and Cin  (2014) concluded  that
argumentation-based teaching utilizing concept cartoons
was more effective in increasing students' science process
skills than traditional instruction. Similar results were
found by Giiltepe and Kilig (2015) for chemistry class.
Aslan (2016) showed that laboratory applications based
on argumentation improved students 'science process
skills, found to be more effective, specifically in the
students who have a low level of science process skills.
Furthermore, the attitudes of the students in both groups
towards the laboratory course increased positively.
Karakus and Yalcin (2016), in their meta-analysis study,
concluded that argumentation-based science teaching has
a positive and very large scale in terms of both academic
achievement and science process skills.
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Aydin and Kaptan (2014) determined that the
students' metacognition and logical thinking skills in the
group where the lessons were based on argumentation
were positively affected. The inquiry laboratory's effect on
the development of metacognitive skills among chemistry
students was examined by Kipnis and Hofstein (2008).
During the research activities, it was observed that the
students used their metacognitive abilities at various
stages of the research process. Based on these results, the
researchers stated that inquiry laboratory applications
could provide students with metacognitive skills
opportunities.

Durmus and Bayraktar (2010) found that both the
experimental and conceptual change texts were more
effective in overcoming the misconceptions than
traditional instruction. Kanli and Yagbasan (2008)
investigated  the deductive laboratory approach's
effectiveness and the 7E model-based laboratory
approach in developing science process skills. Results
revealed that the science process skills of the students in
both groups improved. Aydogdu, Buldur, and Kartal
(2013) examined the effect of open-ended and closed-
ended experiments on acquiting science process skills. It
was determined that there was a significant difference in
the students' primary and integrated science process skills
in both groups. The researchers stated that it could be
said that open-ended science experiments based on
scenarios are more effective in terms of developing
primary and integrated science process skills than
laboratory activities petformed using closed-ended
experiments.

In the study conducted by Celep and Bacanak (2013),
it was catried out to get teachers' opinions about scientific
process skills and acquire these skills. As a result of the
interviews with the teachers; It was determined that they
believe that the laboratory method, inventive path, 5E
model, and Guess-Observe-Explain teaching methods are
useful in gaining scientific process skills. It was also
determined that teachers believed that question-answer
technique, brainstorming, discussion, six-hat technique,
demonstration experiment, open-ended experiment,
deductive experiment, inductive experiment, project, and
case study techniques were influential developing
scientific process skills. In the study conducted by
Freedman (2001), laboratory programs to increase
scientific knowledge achievement and develop an attitude
towards science were examined. As a result of the
research, it was determined that the students who
regularly conduct laboratory activities have higher
scientific knowledge achievement levels than the students
without laboratory experience. However, it was
determined that there was no significant difference in
attitude towards science between the two groups.

In the study conducted by Cetin and Sahin-Taskin
(2015), the effects of verbal feedback effectively given by
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the teacher in the learning-teaching process on the
metacognitive awareness, academic achievement, and
attitudes of the primary school students were examined.
At the end of the study, it was determined that the useful
feedback of the teacher in the learning-teaching process
significantly affected the students' academic achievement,
attitudes  towards the lesson, and metacognitive
awareness.

This research examines the effects of science teaching
with experiments and argumentation-based science
teaching on the scientific process skills, metacognitive
awareness levels, and attitudes toward science in 4th-grade
primary school students. For this purpose, answers to the
following questions were sought:

1. What is the effect of science teaching with
experiments on ptimary school 4th-grade students'
scientific process skills, metacognitive awareness, and
attitudes towards science?

2. What is the effect of argumentation-based science
teaching on primary school 4th-grade students' scientific
process skills, metacognitive awareness, and attitudes
towards science?

3. What is the effect of science teaching conducted
with the current curriculum on primary school 4th-grade
students'  scientific  process  skills, metacognitive
awareness, and attitudes towards science?

4. Do the effects of science teaching with experiments,
argumentation-based science teaching, and science
teaching carried out according to the current curriculum
on the scientific process skills, metacognitive awareness,
and attitudes towards the science of primary school 4th-
grade students differ?

2. METHOD
2.1. Research Design

This study adopted a pre-test and post-test quasi-
experimental design with two experimental groups and
one control group. To separately evaluate the effects of
argumentation-based science teaching and experimental
science teaching on variables (metacognitive awareness,

scientific process skills, and attitude towards science) and
to make a comparison between argumentation-based
teaching and experimental teaching, research was
conducted in two different experimental groups. The first
experimental group (E1) was taught by utilizing
experiments, the second experimental group (E2) was
taught by utilizing argumentation activities, and the
control group was taught by following the current
curriculum.

2.2. Research Group

The research was carried out with 98 elementary
school students studying 4th grade of a public school in
Kars, Turkey. The first experimental group (E1) consisted
of 29 students (15 girls, 14 boys), the second experimental
group (E2) consisted of 34 students (17 gitls, 17 boys),
and the control group consisted of 35 students (12 girls,
23 boys).

2.3. Data Collection Instrument

"What I really think of science" Scale: "What I really
think of science" Scale consisting of 21 Items, developed
by Pell and Jarvis (2001) and adapted into Turkish by
Kirikkaya (2011), was used to determine students'
attitudes towards science. Cronbach Alpha coefficient was
calculated for this study as 0.794.

Metacognitive Awareness Inventory for Children:
Metacognitive Awareness Inventory for Children (MAI-
C), which was developed by Sperling, Howard, Miller, and
Murphy (2002) to measure the metacognitive skills of
3rd-5th-grade students, and adapted into Turkish by
Karakelle and Sara¢ (2007), was used to determine the
metacognitive awareness levels of primary school 4th-
grade students. In this study, the Cronbach Alpha
coefficient was calculated as 0.89.

Science Process Skills Test: To determine the science
process skills of 4th-grade students and to evaluate the
developments in these skills, multiple-choice test items for
measuring  classification, measurement, observation,
collecting  data, space/time relation, prediction,
determining variables, interpreting data, drawing a
conclusion, hypothesis, modeling, and designing

Table 1 Pre-test scores on the data collection tools by participant groups (ANOVA)

Descriptive Statistical ANOVA
The Data Collection Tools  Groups
N X Ss F p
"What I really think of Experiment 1 29 40.45 6.015 0.149 0.862
science" Scale Expetiment 2 34 39.68 7.619
Control Group 35 39.63 5.976
Metacognitive Awareness Experiment 1 29 22.97 6.62 0.521 0.596
Inventory for Children
Experiment 2 34 24.38 5.609
Control Group 35 23.37 5.047
Science Process Skills Test Experiment 1 29 16.14 5.579 0.462 0.632
Experiment 2 34 15.03 5.26
Control Group 35 16.17 5.737

*significant at the level of p<.05
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Table 2 Post-test scores on the data collection tools by participant groups (ANOVA)
The Data Collection Descriptive Statistical ANOVA
Tools Group N X Ss F p
"What I really think of Experiment 1 29 57.14 4.462 39.158 0.000
science" Scale Experiment 2 34 54.59 5.411

Control 35 43.91 8.455
Metacognitive Awareness Experiment 1 29 33.62 1.45 24.05 0.000
Inventory for Children

Experiment 2 34 32.94 2.37

Control 35 27.57 5.95
Science Process Skills Experiment 1 29 24.48 2.68 19.972 0.000
Test

Experiment 2 34 23.09 4.18

Control 35 17.69 6.06

*significant at the level of p<.05

experiment skills were developed by the researchers,
based on the review of the relevant literature. There are
27 items in this multiple-choice test. Each item has four
different options and one correct answer. Two faculty
members working in science education, three science and
technology teachers, and two classroom teachers were
consulted for expert review of the test. After receiving
expert opinions and making revisions in the test items in
line with these opinions, the test was applied to 254
primary school 4th-grade students. At the end of the
application, scoring was made by giving 1 point to each
correct answer given by the students to the test items.
Each wrong answer was given to the students' test items,
and the items left blank or marked with more than one
option were scored by giving 0 points. After scoring for
each item, item difficulty indexes and item discrimination
indices of the test items were calculated. The test items'
discrimination indexes ranged between 0.34 and 0.77, and
item difficulty indexes varied between 0.28 and 0.85. The
KR-20 reliability coefficient of the test was calculated as
0.82.
2.4. Data Collection Process

The research was carried out during the instruction
petiod of the "Let's Know the Mattet" Unit of the science
class for 4th-grade students and was completed in thirteen
weeks, including pre-test and post-test studies. In the first
experimental group (E1), closed-ended and open-ended
experiments were carried out with group and
demonstration experiments. The experiments were
planned together with the first experimental group
teacher, and the necessary tools and equipment were
provided in advance (see Appendix A for a sample). In
the second experimental group (E2), various
argumentation activities such as competing theories with
concept cartoons, expressions tables, and experiment
reports were used for the instruction (see Appendix B for
a sample). No intervention was made to the lessons in
the control group, but it was carried out by following the
current curriculum  with approaches other than
experiments and argumentation methods.
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2.5. Data Analysis

One Way Analysis of Variance (ANOVA) was used to
test whether there are significant differences among E1,
E2, and Control group students, concerning
Metacognitive Awareness Scale, Science Process Skills
Test, and "What I really think of science" Scale for both
pre-test and post-test.

3. RESULT

The ANOVA test results to determine whether
statistically ~significant differences existed among the
groups regarding the scores on the data collection
instruments before the intervention ate shown in Table 1.

As seen in Table 1, the ANOVA test results showed
no statistically significant difference among the three
different groups regarding attitudes, metacognitive
awareness, and science process skills.

The post-test mean scores for the students in the El,
E2, and control group on the "What I really think of
science" Scale, Metacognitive Awareness Inventory for
Children, and Science Process Skills Test post-test are
shown in Table 2. ANOVA test results revealed that there
were statistically significant differences among the groups
for all three tests. Scheffe test was used to determine
which groups caused the difference.

According to the results of the Scheffe Test at Table 3
for "What I really think of science" Scale, "Metacognitive
Awareness Inventory for Children Inventory", and
"Science Process Skills Test" scores of the participant
groups showed that the significant differences were
between the students in both experimental groups and the
control group (p<.05). There was not a significant
difference between the scores of the two experimental
groups.

4. DISCUSSION

This research was conducted to investigate the effects
of laboratory experiments and argumentation-based
science teaching on 4th-grade students' science process
skills, meta-cognitive awareness levels, and attitudes
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Table 3 Scheffe test

The Data Collection

Tools

Group (I)

Group (J)

"What I really think of

science" Scale

Metacognitive

Awareness Inventory

for Children

Scientific Process Skills

Test

Experiment 1
Experiment 2
Control

Experiment 1
Experiment 2
Control

Experiment 1
Experiment 2

Control

Experiment 2
Control
Experiment 1
Control
Experiment 1
Experiment 2
Experiment 2
Control
Experiment 1
Control
Experiment 1
Experiment 2
Experiment 2
Control
Experiment 1
Control
Experiment 1
Experiment 2

Article
Variationin
Average Standard Error p
&)
2.550 1.631 0.299
13.224 1.620 0.000
-2.550 1.631 0.299
10.674" 1.554 0.000
-13.224* 1.620 0.000
-10.674* 1.554 0.000
0.680 0.987 0.790
6.049" 0.981 0.000
-0.680 0.987 0.790
5.370" 0.941 0.000
-6.049" 0.981 0.000
-5.370" 0.941 0.000
1.395 1.168 0.493
0.797* 1.160 0.000
-1.395 1.168 0.493
5.403* 1.112 0.000
-6.797* 1.160 0.000
-5.403* 1.112 0.000

*significant at the level of p<.05

towards science. Results of the study showed that both
experiments and argumentation activities were more
effective than traditional instruction. The studies
conducted on the experimental method support the
results obtained in this study. In the study conducted by
Kanli and Yagbasan (2008), the 7E model-based
laboratory approach's effectiveness and the deductive
laboratory approach in developing scientific process skills
were examined. At the end of the study, it was determined
that both the 7E model-centered laboratory approach and
the deductive laboratory approach improved the students'
scientific process skills. In the study conducted by Bilen
and Aydogdu (2012), the activities prepared based on the
strategy of "Predict-Observation-Explain" in the general
biology laboratory were examined by comparing it with
the validation laboratory approach to the development of
scientific process skills. For the research, while the
proposed laboratory approach was carried out with the
experimental group, the validation laboratory approach
was applied to the control group. At the end of the
research, it was observed that there was an improvement
in the scientific process skills of both the experimental
group students and the control group students. It was also
determined that this improvement was more in the
experimental group. In environments where laboratory
experiments occut, students can expetience science skills
such as hypothesizing, designing an experiment to test
their hypothesis, determining and controlling the
experiment variables, conducting the experiment,
observing, classifying, and recording data. When these
opportunities are provided, it will be possible to expect
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for the students to develop their science process skills
over time.

When the literature is examined, it is seen that there is
a study that examines the effect of the experimental
method on metacognition. This study was conducted by
Ulu and Bayram (2014). This study investigated whether
the laboratory applications in the Science and Technology
course with activities based on the science writing tool
cause a difference in terms of metacognitive knowledge
and skills. At the end of the research, there was a
significant difference in favor of the experimental group
in terms of explanatory knowledge, methodological
knowledge, conditional knowledge, planning, and
cognitive  strategy  dimensions of the students'
metacognitive knowledge and skills. Still, there was no
difference between the experimental and control groups
in terms of self-control, self-assessment, and self-
monitoring. Students may not feel a need to overthink
their self-learning when they are passive receivers of
information. However, they can follow their self-learning
processes when they are given opportunities to be more
active. Therefore, the development of metacognitive
awareness is expectable in an environment that includes
experimental activities.

Previous studies determined a positive relationship
between attitude and science process skills. One of these
studies was done by Downing and Filer (1999). In the
study, the relationship between teacher candidates'
scientific process skills and their attitudes towards science
was examined. At the end of the study, it was determined
that there is a significant positive relationship between
primary school teacher candidates' science process skills

J.Sci.Learn.2021.4(2).113-122
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and their attitudes towards science. Another research was
conducted by Zeidan and Jayosi (2015). In the study, the
relationship between students' attitudes towards science
and their scientific process skills was examined. At the
end of the study, it was determined that there is a
significant positive relationship between scientific process
skills and attitude towards science. Based on this finding,
it is possible to link the development of attitudes towards
students' science to develop science process skills.
Additionally, experiments in teaching environments lead
students to a position where they could create knowledge
by being physically and mentally active rather than passive
receivers of information. When students become active in
teaching environments, they feel the lesson is fun and
develops positive attitudes.

Results of this study revealed that argumentation-
based science teaching also has a positive effect on
science process skills. Previous research results support
this result. In the study conducted by Cinar and Bayraktar
(2013), the effect of argumentation-based science teaching
on students' scientific process skills was examined. It was
determined that the students' scientific process skills in
the group in which the argumentation-based science
teaching was carried out were statistically significantly
higher than the students in the group where the current
teaching was applied. In the study conducted by Turkoguz
and Cin (2014), the effect of argumentation based on
concept cartoons activities on students' scientific process
skills was examined. At the end of the study, it was
determined that the students' scientific process skills in
the experimental group in which argumentation-based
teaching based on concept cartoons was carried out
developed more than the control group students. In the
study conducted by Giiltepe and Kili¢ (2015), the effect of
scientific argumentation on students' scientific process
skills in chemistry teaching was examined. As a result of
the research, it was determined that both the traditional
teaching approach and the argumentation-based teaching
approach improved students 'scientific process skills.
Simultaneously, it was determined that argumentation-
based teaching was more effective than the traditional
teaching approach in developing students' scientific
process skills. In the study conducted by Aslan (2016), the
effect of argumentation-based laboratory applications on
scientific process skills and attitude towards laboratory
course was examined. At the end of the study, it was
determined  that  argumentation-based  laboratory
applications improve students' scientific process skills and
mote effective in developing students' skills with lower
scientific process skill levels. It was determined that the
students' attitudes in both groups towards the laboratory
course increased positively with the application. Through
argumentation, students are involved in the process of
making claims. To support a claim, they need to access
some data, make observations, design and apply
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experiments, record the data, and interpret it. Besides,
students have to determine the variables that will affect
their claims to determine their claims' limitations and
refutations. Students feel the need to use these skills for
their claims and evaluate others' claims. Through
argumentation activities, students use science process
skills in experimental teaching, which will improve these
skills over time.

In the study conducted by Aydin and Kaptan (2014),
argumentation on the metacognition and logical thinking
skills in teacher candidates' education was examined. At
the end of the research, it was determined that the
students' metacognitive and logical thinking skills in the
group where the lessons were conducted based on
argumentation were positively affected. In the study
conducted by Erenler (2017), the effect of argument-
based inquiry research applications on pre-service
teachers' metacognitive awareness was examined. At the
end of the study, it was determined that the argument-
based inquiry research method applications were
statistically ~ significant in all sub-dimensions of
metacognitive awareness. In the study conducted by Ulu
(2019), the argumentation-based science learning
approach on students' metacognitive knowledge and skills
was investigated. Laboratory activities were carried out in
the control group based on the traditional approach, in
the experiment-1 group based on the open inquiry-based
argumentation-based science learning approach, in the
experiment-2 group, based on the guided inquiry-based
argumentation-based science learning approach. At the
end of the study, two results were obtained. The first of
these is that argumentation-based science learning-based
laboratory applications are more successful than
traditional-based laboratory applications in increasing
students' metacognitive knowledge and skills. The other
result is that the guided inquiry-based Argumentation-
based science learning laboratory applications in
increasing students' metacognitive knowledge and skills
are more successful than the open inquiry-based
argumentation-based  science  learning  laboratory
applications. Argumentation practices might lead students
to evaluate their self-learning. It is possible for the student
to question his or her learning, claiming "I learned" or I
did not learn" and evaluate the argument in the light of
the supporting evidence similar to the questioning process
of evaluating whether a claim is true or false in the
context of the subjects they learn. Individuals' ideas or
evaluations of their learning are related to meta-cognition.
Therefore, it is possible to conclude that argumentation
activities will increase students' metacognitive awareness
levels.

It was determined that argumentation positively
affected students' attitudes, and this result was supported
by previous research. In the study conducted by Yal¢in
Celik and Kili¢ (2014), the effect of argumentation-based
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instruction on students' conceptual understanding,
attitude towards chemistry, and argumentation tendencies
was examined. At the end of the study, it was determined
that the students studying with argumentation had
significantly higher levels of conceptual understanding,
attitude towards chemistry, and argumentation tendency
than the students studying with the traditional teaching
method. Through argumentation activities, students enter
making and strengthening their claims and assessing the
contradictory claims. A learning environment in which the
student is active is expected to positively affect the
lesson's attitude towards the lesson. Therefore,
argumentation activities will also have a positive effect on
attitudes.

Control group students' scotes on "What I really think
of science Scale" and "Meta-cognitive Awareness
Inventory for Children" and "Science Process Skills Test"
were also increased during this study; however, this
increase was low in science process skills. This result
suggests that the current curriculum also positively affects
metacognitive awareness levels and attitudes towards
science. The low increase in science process skills might
result from their not engaged with experiments during the
study period.

5. CONCLUSION

This study showed that laboratory experiments and
argumentation were useful in developing metacognitive
awareness, science process skills, and attitudes.
Considering the positive effects of argumentation on
students, teachers might be encouraged to teach science
classes based on argumentation when the experiments
cannot be used. In other words, argumentation-based
teaching can be preferred as an alternative to the
experimental method. For teachers to utilize
argumentation-based teaching, they should be familiar
with argumentation-based teaching activities and then be
able to create their argumentation activities. Teachers also
need to gain awareness regarding the effects of
metacognition on the learning process. This way, they can
motivate their students to think about their self-learning,
leading to improved learning outcomes.

Teachers' awareness of the positive effects of
experiments and argumentation should be developed
considering the results of this study and the previous
studies on the subject. Laboratory conditions in schools
should be improved to comply with today's technological
developments, and the use of these laboratories should be
encouraged. Especially in elementary school science
lessons, students should be actively involved in the
thinking process by including experimental practices and
simple equipment types. In this process, students should
be given time for making observations, thinking about a
situation,  offering solutions, evaluating the offered
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solutions, and, if needed, developing or changing these
solutions, and they should be motivated for this.
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