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Abstract

The present study aimed to determine the impact of argument-based laboratory method on the scientific process
skills of pre-service primary school teachers and their views on the nature of science.The study was designed based
on the pretest-posttest quasi-experimental method and conducted with 64 sophomore pre-service primary school
teachers (37 in the experimental group, 37 in the control group) studying a Primary Education Department. The
dependent variables of the studies are the views of the pre-service primary school teachers on the nature of science
and their scientific process skills, while the independent variable of the study was argument-based laboratory
application The nature of science scale and scientific process skills tests were used as the data collection tools. The
Argument Driven Inquiry approach was employed in the experimental group, while a conventional laboratory
approach was implemented in the control group. The findings of the study revealed that the argument-based
laboratory method have improved the student views on NOS and their scientific process skills.
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1. Introduction

Curiosity is one of the most basic instinct that drives individuals. Throughout its existence, humankind had a sense of
curiosity and exploration, and they have been living in pursuit of this instinct. The desire to recognize and understand
the world and events, and to dominate nature lies under this emotion. The curiosity of humankind led to the birth of
the concept of science. With the introduction of the concept of science, humankind has sought an answer to the
question of what science is. Among scientists, there is still no consensus on what science is. The reasons why there is
no consensus on a common definition are non-stationary nature of science, its indefinite scope, and limits for the
subject-matter and research methods, and its versatile, and sometimes complex structure (Yildirim, 2010). Thus,
instead of attempting to describe science with a single definition, a discussion on its nature would be a better
approach.

The nature of science includes understanding what science is, its roles, who scientists are and their tasks, scientific
clues, observations, events, rules, laws, and scientific methods, and how science is performed (Tasar, 2003). The
concept represents what knowledge reflects, how a human being performs the act of knowing, the methods of
constructing knowledge and beliefs, and values related to the production of science (Lederman, 2007).The purpose
of science is to train individuals with critical thinking and lifelong learning skills who research and inquire. Students
with these targeted skills are considered "science literate." Students must acquire and develop scientific process skills
to understand the nature of science, learn how scientists work, and grasp scientific research methods.

Within the current educational approach, individuals are expected to question, research, and be active in the process
of accessing information during learning independent of the discipline. Scientific process skills teach individuals to
study like a scientist using scientific research methods. Within this context, teachers are considered the most
important individuals who assist students in acquiring scientific process skills and developing a sense of
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understanding of the nature of science. Teachers enable students to improve their scientific skills and approaches
through the methods and techniques they employ in the classroom. Argumentation is considered one of the most
effective methods that can be used to improve this approach (Aslan, 2010; Giltepe, 2011; McDonald, 2010;
Ulugmar-Sagir & Kilig, 2013)

1.1 Nature of Science and Argumentation

The reformations in national and international science education are based on assisting the students in understanding
the nature of science because it is important for the acquisition of scientific literacy (Ministry of Education, [MEB],
2005, 2013, 2018, Association for the Advancement of Science [AAAS], 1993; National Research Council, [NRC],
1996). Although the concept of the nature of science was not included in science curriculum, the main objective of
the curriculum is to emphasize the nature of science.

For the students to make personal and social decisions based on scientific knowledge, they should first understand
how scientific knowledge is structured and consequently, the limits of scientific resources (Koseoglu, Tiimay, &
Budak, 2008). Understanding the nature of science can render this possible. The nature of science includes the
characteristics of scientific knowledge and scientists, scientific publications, and how society and science affect each
other (Dogan, Cakiroglu, Bilican, & Cavus. 2009).

The nature of science includes the values and attitudes that exist in the nature and development of scientific
knowledge (Lederman, 2007, p. 833). Because of the fact that the nature of science includes the methods of
producing scientific knowledge, there is a close relationship between the argumentation employed in the production
of scientific knowledge and the nature of science. Cetin, Erduran, and Kaya (2010) examined the relationship
between the dimensions of argumentation and the nature of science among 114 pre-service chemistry teachers in
different fields using the nature of science and argumentation tests. The findings revealed that there was a significant
relation between the nature of scientific knowledge and argumentation. Some studies have reported that the
engagement of the learners in argumentation can contribute to the development of their understanding of the nature
of science, along with an increasing number of studies in the field of argumentation (Bell & Linn, 2000; McDonald,
2010; Ogunniyi, 2006; Ulugmar-Sagir & Kilig, 2013; Yerrick 2010;).According to Driver, Leach, Millarr, and Scott
(1996), understanding of the nature of science supports successful learning of scientific content and it is necessary
for individuals to understand socio-scientific issues and participate in decision-making processes. This is the
foundation of the correlation between NOS and argumentation. Previous findings revealed that argumentation has an
effect on the of the students on nature of science. McDonald and McRobbie (2012: 983) examined the effect of
student views on the nature of science on their argumentation skills, and the effect of argumentation on student
perceptions on the nature of science and found a correlation between argumentation and the nature of science. Their
findings revealed that the students’ views on the nature of science affected their involvement in the argumentation
process, and their argumentation skills and their capacity to come up with arguments increased in classes where
argument-based activities were conducted to improve their understanding of nature of science. It was also determined
that the views of the students, who were involved in the argumentation process, on the nature of science were
affected, although no application distractors were used to change their views.

Studies examining the correlation between the nature of science and argumentation showed that the absence of a
comparison group restricted the conclusions that were especially associated with the influence of argumentation on
NOS in both studies (Khishfe, 2012). To eliminate this limitation, the study employed an experimental design with a
control group.

1.2 Scientific Process Skills and Argumentation

Studies on education have started to attach importance to scientific process skills and basic life skills, focus on the
use of approach and methods that predict the changes in today's condition (Alkis-Kiiciikaydin & Uluginar-Sagir,
2016). The objective of science course is to train science-literate individuals with the characteristics of scientists.
They must acquire certain skills called scientific process in literature to train science-literate students. Scientific
process skills are described as a comprehensive set of transferable skills that reflect scientific behavior (Padilla,
1990). The scientific process skills represent the rational and logical thinking skills required in science. Competence
in scientific process skills enables students to act based on knowledge to produce solutions to problems (Burns, Okey
&Wise, 1985). All skills should be employed in a specific context, and scientific process skills are considered
scientific only when they are applied in the context of science (Harlen, 1999). Scientific process skills are employed
by scientists to study nature and producing knowledge (Ozmen & Yigit, 2005) and are the basis of scientific inquiry
(Harlen, 2000). Scientific process skills include the skills and contemplation processes that scientists need when they
explore the environment (Caligkan & Kaptan, 2012). The active employment of the scientific process skills can lead
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to the transfer of these skills to different fields and topics because they can be generalized to all knowledge (Karahan,
2006). When students learn how to think, they experience intellectual development. Scientific process skills are an
important aspect of intellectual development. Thus, acquiring scientific process skills should be a major goal in
science instruction (Geban, Askar, & Ozkan, 1992). Teachers should select activities and instructional methods that
emphasize scientific process skills. When students are given the opportunity to employ scientific process skills and
encourage developing critical views on different content fields and contexts, these processes would support
meaningful learning (Giiltepe & Kilig, 2015; Padilla, 1990). In a formal classroom setting, not only the
understanding of children can be explored and extended, but also discussions and interpretations of their experiences
advance between the teacher and children and among the children, then possibilities for practical investigations could
emerge (Harlen, Macro, Reed, & Schilling, 2003).

A primary teacher needs to learn science process skills. So that teacher can develop a scientific viewpoint related to
the events in his environment. Besides, teachers need to experience these scientific stages directly to gain and
improve science process skills (Guler & Sahin, 2019). One of the practical research methods that could be used in the
classroom is the argument-based activities.

This study aimed to determine the effect of argument-based laboratory method on the scientific process skills of
pre-service teachers and their views on the nature of science. Based on this general purpose, the research question of
the study was as follows: "What is the impact of argument-based laboratory method on the scientific process skills of
pre-service teachers and their views on the nature of science?" ased on the aforementioned research question, the
sub-problems of the study were as follows:

(1) Is there a significant difference between the pre- and post-application scientific process skills of the control
group, pre-service teachers?

(2) Is there a significant difference between the pre- and post-application scientific process skills of the
experimental group, pre-service teachers?

(3) Is there a significant difference between the pre- and post-application views of the control group, pre-service
teachers, on the nature of science?

(4) Is there a significant difference between the pre- and post-application viewsof the experimental group,
pre-service teachers, on the nature of science?

(5) Is there a significant difference between the post-application scientific process skills of the control group and
experimental group pre-service teachers?

(6) Is there a significant difference between the post-application views of the control group and experimental group
pre-service teachers on the nature of science?

2. Method
2.1 Research Design

The research design is a plan that the study consciously manages to answer the research questions or to test research
hypotheses (Biiyiikoztiirk, 2001). This study employed a pretest-posttest quasi-experimental design with the control
group because they aim to identify causality between the variables (Biiyilikoztiirk, 2001). The quasi-experimental
design has the same objectives as the experimental design and the control and experimental groups in this research
design are selected based on measurements, not random. A quasi-experimental design is used to estimate the causal
impact of an intervention on your study population.

The dependent variables of this study were the views on the nature of science and the scientific process skills. In the
research design, the independent variable, the effect of which on the experimental group was investigated, was the
argument-based laboratory method. In the study, the equality of the group pretest scores was examined according to
the study independent variables. Table 1 depicts the experimental model of the study.
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Table 1. The Quasi-Experimental Study Model

Pretest Application Posttest
= Nature of science scale Argument based laboratory Nature of science scale
§ Scientific processkills test applications Scientific process skills test
=
)
®xoo
[Sa N
Nature of science scale Laboratory applications with Nature of science scale
S a Scientific process skills test closed-end experiments Scientific process skills test
e 3
o ©
O &
2.2 Sampling Procedures

The study was conducted in the spring semester of the 2018-2019 academic year. The experimental group included
37 sophomore pre-service teachers attending the Faculty of Education, Primary Education Department, at a public
university in the Central Black Sea Region. The control group included 37 sophomore pre-service teachers attending
the Faculty of Education, Primary Education Department, at a public university in the Central Black Sea Region in
Turkey. The purpose of this study was to reveal the impact of argument-based laboratory method on certain variables.
In the assignment of the participants, the study employed the criterion sampling, one of the purposeful sampling
methods. The acceptance criteria included attendance to the laboratory course for both groups and instruction with
closed-ended experiments for the control group. In the selection of the participants, the criteria that experimental and
control groups have previously taken a laboratory course in which closed-ended experiments were conducted and the
control group continues closed-ended experiments in laboratory course during the application process has taken into
consideration. The researchers found the laboratory applications conducted in a public university in the Eastern
Black Sea Region suitable for the study objectives. It was determined that there was no significant difference
between the pretest scores of the pre-service teachers in the experimental and control groups. Thus, it was assumed
that the groups exhibited similar achievements in the baseline.

2.3 Data Collection Tools
2.3.1 Nature of Science Scale

The nature of science scale was developed by Sinan Ozgelen (2013) to reveal the views of teachers and pre-service
teachers on the nature of science.

Ozgelen (2013) reported that several nature of science scales have been developed since the 1950s; however, some
important issues were identified regarding the validity of these scales. The study has a total of 655 participants with,
644 pre-service teachers attending four colleges and 11 science and technology teachers. Participation in this study
was voluntary. The developed scale included 40 items in the draft form after the review of the national and
international literature. Expert opinion was obtained from two professors who conducted studies in the field of
science education and the nature of science. Based on the feedback provided by the experts, certain items in the draft
scale were revised and hence some of them were excluded. After the revision, the total number of items was reduced
to 35. Based on the views of the pre-service teachers and in-classroom discussions, the number of items was reduced
to 32, and further to 30 based on the opinion of other experts. Out of the 30 scale items, 15 were reverse scored.
Items 1, 2, 6, 7, 8, 11, 12, 13, 15, 17, 19, 22, 23, 28, 30 are the reverse-scored items. Ozgelen (2013) reported the
Cronbach alpha score of the whole scale was .83. The scale includes 30 items in five dimensions withll
sub-dimensions.

Initially, factor analysis was conducted and Kaiser-Meyer-Olkin [KMO] and Bartlett’s test of sphericity tests were
applied, and it was determined that both KMO test results (.86) and Bartlett’s test of sphericity result (.001) were
significant. Cronbach’s alpha internal consistency coefficient was .83. It was determined that the chi-square/degree
of freedom (2/df) ratio was .83 in IBM SPSS AMOS software applied to determine the confirmatory factor analysis
with a 391sample. It was concluded that the measurement model obtained with this ratio (0.83) fitted well with the
data (Ozgelen, 2013).

Participants of this study were given 30 statements about the nature of scientific knowledge. Participants were asked
to mark an "X" on their personal perceptions in spaces next to one of the following options: "I totally agree (TA)," "I
mostly agree (MA)," "I partially agree (PA)," and "I do not agree (NA)."
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2.3.2 Scientific Process Skills Test (SPST)

The scientific process skills test was developed by Burns, Okey, and Wise (1985). The scale was adapted to Turkish
by Geban, Askar, and Ozkan (1992). The aim of the scale is to measure pre-service teachers' intellectual skills such
as defining variables, defining, and understanding hypotheses, defining research, designing, and interpreting data,
and plotting. The test includes 36 multiple-choice items, and each item has four options. Each question has only one
correct answer. The participants receive 1 point for each question they answer correctly, 0 point for each question
they answer incorrectly. The maximum and the minimum scores in the test are 36 and 0, respectively. The
participants were given 45 minutes to complete the test.

2.4 Data Collection Process

The study used the following two data collection tools as the pretest: the nature of science scale and scientific
process skills test. The plan detailed below was implemented during a school semester.

The first week: The course was introduced to the pre-service teachers and the applications that would be conducted
during the semester were explained. In the second week, the nature of science scale and scientific process skills test
were applied as the pretest.

The second week: The activity to discover research-based science instruction models was conducted in this process.
In this activity, students performed the assigned tasks in three different stations for a certain period. In the first
station, a guideline with all necessary steps was provided and they were asked to reach the result. In the second
station, the instructions for the event that they would conduct were partially provided and they were asked to reach
the result. In the last station because it allowed open-ended questions, no further instruction was provided, and they
were asked to try everything they could. After this activity, students recognized the different approaches in
inquiry-based instruction and discussed the characteristics of these approaches.

The third week: In this process, the scientific process skills development activities were performed. In this activity,
the students could exhibit their skills of observation and ask questions. Moreover, hypothesis, prediction, planning
and research, interpretation and communication, and the features of these skills were discussed. For example, in the
activity where the observation skill was exhibited, they were asked to draw their thoughts about what a candle would
look like when it is lit, and they were told to label their drawings. Then they were asked to draw what they see when
the candle is lit, then the differences between the two drawings and observation skills were discussed. The purpose of
the activities is to acquire scientific process skills by performing an activity for each skill.

The fourth week: A researchable questioning activity was performed in the fourth week. In this activity, the students
were provided with frozen water in a balloon one night before the activity and they were told that the substance was
unidentified. They were asked to prepare researchable questions to identify the substance and research potential
answers to these questions.

The fifth week. A query-based laboratory was performed in this week. In this activity, students were shown a box
with a mechanism inside and asked to make inferences about the mechanism inside the box.

The sixth week. "Why does the moon appear in different forms? " question was asked in week six. Students were
presented with two different views on lunar phases and asked to produce an argument as to why they adopted one of
these views.

The seventh week: An unknown cell activity was conducted in this process. Students were first asked to examine
plant and animal cell samples under a microscope and then given an unknown cell sample (plant or animal). Based
on their previous observations, they were asked to produce an argument about what might be the unknown cell.

The eighth week: The osmosis and diffusion activities were conducted in this week. Pre-service teachers designed an
experiment to test two different explanations about why erythrocytes appear larger when exposed to pure water, and
tried answering the following question: "Why do red blood cells appear larger in pure water?" After the experiment,
pre-service teachers came up with some arguments about answers to the question.

The ninth week: Chemical and physical changes activity was performed in this process. Students, in this activity,
were expected to develop and observe five given scenarios. Based on their observations, they decided which one was
a physical or a chemical change.

The tenth and 11th weeks: Physical properties of substances activity was conducted in weeks 10 and 11. A case was
presented to the pre-service teachers for two weeks and they were asked to solve a murder case based on the
information they obtained in the previous weeks. The twelfth week: The students were divided into groups and given
a task of producing arguments and asked to produce their final written arguments. They were asked to answer the
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following question: "Is baking a potato a physical or a chemical change?" They were expected to produce arguments
in response to the question.

The thirteenth week: In this week, the nature of science scale and scientific process skills tests were applied as
posttest. When pre-service teachers were asked to produce arguments, they were asked to employ the
Argument-Driven Inquiry (ADI) format. The applications were conducted for 11 and during six weeks, students
produced arguments with the ADI approach. During the first five weeks, students participated in query-based
laboratory practices. In addition, they were asked to produce arguments in these applications, but they were not asked
to write reports. Conventional laboratory applications were conducted with the control group. The data collection
tools employed as pretest were used as posttest at the end of the semester.

2.4.1 Argument-Driven Inquiry

The ADI instructional model is to frame the purpose of a laboratory activity as an effort to develop an argument that
provides and supports an explanation for a research question. The ADI instructional model consists of the following
seven steps: identification of the task, data generation, production of a tentative argument, argumentation session,
creation of an investigation report, double-blind peer review, and revision of the investigation report (Walker,
Sampson, Grooms, Anderson & Zimmerman, 2012; Walker & Sampson, 2013; Walker, Sampson, & Zimmerman,
2011).

‘ Stage 1: Idemtification of the Task and the Research Question ‘

Small groups of students then...

l Stage 2: Develop a Method and then Collect and Analyze Data ‘

Ciroups then...

[ Stage 3: Develop a Tentative Argument I

Each group then shares their argument during an...

Modify their Method and | g I needed,
Collect Additional Data groups can

—

I Stage 4: Argumentation Session ‘

Individunl students then,.,

Individual
students then..,

_\-1"'] Stage 5: Write an Investigation Report

The reports then go through a...

| Stage 6: Double Blind Group Peer Review |

Ench student then,,,

Stage 7: Revises and Submits his‘her Report to the Instructor

Figure 1. The Seven Steps of ADI

In this study, the last two stages were not conducted because of the laboratory course duration. The reports were
reviewed, and feedback was provided by the authors. Prepared student reports were uploaded to the classroom
application and the authors reviewed the reports about this application.

2.4.2 Control Group Conventional Approach

In the conventional approach, the teachers give step-by-step instructions and ask some procedural questions.
Teachers often develop research questions and assign some tasks for students. Students follow a plan outlined by the
instructor in the lab manual (Akkus, Gunel, & Hand, 2007; Poock, 2005).

In this study, pre-service teachers in the control group conducted experiments based on the provided experiment plan.
The experiment plan included the step-by-step tasks assigned to the pre-service teachers. In the control group,
students worked in groups of five-six individuals the most.
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2.5 Data Analysis

Before conducting statistical procedures, the normal distribution of the data was investigated to determine which
statistical method to employ.

2.5.1 Normality Test of the Nature of Science Scale Data

To conduct an accurate analysis, the normality tests of the nature of science scale and scientific process skills test
pretest and posttest scores were determined. Initially, the experimental and control groups’ scores were analyzed,
then the experimental and control groups’ pretest and posttest scores were analyzed. The findings are presented in
Table 2.

Table 2 depicts that the nature of science scale and scientific process skills test pretest and posttest scores of the
experimental and control group participants exhibited a normal distribution. Thus, the comparison of the pretest and
posttest scores was conducted with the independent samples t-test for this scale. It was observed that scientific
process skills test posttest scores of the experimental and control group participants did not exhibit a normal
distribution. Thus, Mann Whitney U-test was employed in the comparison of the posttest scores in this scale.

Table 2. Descriptive Analysis of the Pre- and Post-Test Nature of Science Scale and Spst Data

Test Group N Kolmogorov-Smirnov Shapiro-Wilk
) Experimental 37 .077 514
Nature of science scale Pretest Control 37 200 496
) Experimental 37 200 332
N f le P
ature of science scale Posttest Control 37 200 311
SPST Experimental 37 125 376
Pretest Control 37 129 .196
SPST Experimental 37 .003 .001
Posttest Control 37 .025 .076

Because of significant differences after the application, effect sizes were calculated to determine the degree of these
differences (Cohen d, eta square (17%) and r coefficient). The effect size is a standardized and objective measure of the
observed effect sizes (Field, 2009, p.56). To determine whether the application was effective, Cohen’s d and
eta-squared values were calculated for the data with a normal distribution, and R-value was calculated for the data
without a normal distribution. The R-value is calculated by the formula Z/YN and could be used in any case where
the study group size is known (Rosenthal, 1991, p. 19). The r coefficient varies between 0 and 1, and a value close to
1 indicates a high effect size (Field, 2009, p. 57). According to Cohen (1992), the effect size is considered small
when r is .10, moderate when it is .30, and high when it is .50. The d-value, which can vary between —o and + o
(Biiyiikoztiirk, Cokluk, & Koklii, 2018, p. 158), reflects a small effect size when it is .20, a moderate effect size when
it is .50, and a large effect size when it is .80 (Cohen, 1988, p.25-26). The eta-squared value, which allows to
determine the dependence of the variance in test scores on the independent or group variable, with.0lscore is
considered small, .06 is considered moderate, and .14 is considered large effect size (Biiyiikoztiirk, Cokluk, & Koklii,
2018, p. 158)

Table 3. Descriptive Analysis of the Pre- and Post-Test Nature of Science Scale and Spst Data

Scale Group Test N Kolmogorov-Smirnov Shapiro-Wilk
Nature of science Experimental Pretest 37 .077 514
scale Posttest 37 200 332
Control Pretest 37 200 496
Posttest 37 200 311
SPST Experimental Pretest 37 125 .376
Posttest 37 .003 .001
Control Pretest 37 129 .196
Posttest 37 .025 .076
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As Table 3 depicts the nature of science scale pretest and posttest scores of the participants in the experimental and
control groups exhibited a normal distribution. Thus, the comparison of the nature of science scale pretest-posttest
scores in the experimental group was conducted with the dependent samples t-test. However, it is possible to suggest
that the scientific process skills test pretest scores of the participants in the experimental and control groups exhibited
a normal distribution and the posttest scores did not exhibit a normal distribution. Thus, the Wilcoxon Signed Ranks
test was used in the comparison of the scientific process skills test pretest-posttest scores of the experimental and
control groups.

3. Results
3.1 First Sub-Problem Findings

The Wilcoxon Signed Ranks test was used to determine whether there was a difference between the scientific process
skill test pretest and posttest scores of the pre-service teachers in the control group. Table 4 presents the findings of
the Wilcoxon Signed Ranks test.

Table 4. The Comparison of Scientific Process Skills Test Pretest and Posttest Scores of the Control Group

Posttest -Pretest N Mean Rank Total Rank z p
Negative Rank 5 6.70 33.50 3.98 .00
Positive Rank 24 16.73 401.50

Equal 30

As Table 4 depicts, there was a significant difference between the scientific process skills test pre- and post-test
scores of pre-service teachers in the control group (z = 3.98, p <.05). Based on the mean and total ranks of the score
differences, the difference was in favor of positive rank, that is, the posttest score. Based on these findings, it is safe
to say that the laboratory course had an impact on the scientific process skills of pre-service teachers in the control
group. The effect size was calculated to determine the size of this difference that favored the posttest scores in the
control group. The findings depicted that the calculated effect size (r = .72> .50 high effect) was high for the
difference between the pretest-posttest mean scores.

3.2 Second Sub-Problem Findings

The Wilcoxon Signed Ranks test was conducted to determine whether there was a difference between scientific
process skill test pretest and posttest scores of the pre-service teachers in the experimental group. Table 18 shows the
findings of the Wilcoxon Signed Ranks test.

Table 5. The Comparison of Scientific Process Skills Test Pretest and Posttest Scores of the Experimental Group

Posttest -Pretest N Mean Rank Total Rank z p
Negative Rank 4 6.63 26.50 4.24 .00
Positive Rank 26 16.87 438.50

Equal 0

As Table 5 shows, there was a significant difference between the scientific process skill test pre- and post-test scores
of the pre-service teachers in the experimental group (z = 3.98, p <.05). Based on the mean and total ranks of the
score differences, the difference was in favor of positive rank, that is, the posttest score. The findings revealed that
argument-based laboratory method conducted with the experimental group had a significant impact on the scientific
process skills of the pre-service teachers. The effect size was calculated to determine the size of the difference that
favored the posttest scores in the experimental group. The findings of the analysis revealed that the effect size (r
=.77> .50 high effect) was high for the difference between the mean pretest and posttest scores.

3.3 Third Sub-Problem Findings

The t-test was conducted to determine whether there was a difference between the nature of science scale pretest and
posttest scores of the pre-service teachers in the control group. Table 6 shows the findings of the t-test.
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Table 6. The Comparison of Control Group Nature of Science Scale Pretest and Posttest Scores

Measurement N X S sd t p
Pretest 31 2.53 .28 30 3.52 .00
Posttest 31 2.74 22

It was determined that the conventional laboratory applications conducted with the control group led to a difference
in the nature of science scale scores of the students [t (30) = 3.52, p <.05]. As Table 6 shows, the mean pretest scale
score of the students was X = 2.53, while the mean posttest scale score was X = 2.74. This finding depicted that
laboratory applications where close-ended experiments were conducted had an impact on student perceptions on the
nature of science. The effect size was calculated to determine the magnitude of the difference observed in favor of
the nature of science scale posttest scores of the pre-service teachers in the control group. The two calculated effect
sizes (d = .63> .50 moderate effect; 7> = .29> .14 high effect) demonstrated a moderate-high effect size for the
difference between the mean scores. The findings of the Eta square test revealed that 29% of the variance in the
posttest scores of the pre-service teachers in the control group was explained by conventional laboratory
applications.

3.4 Fourth Sub-Problem Findings

The t-test was conducted to determine the difference between the nature of science scale pretest and posttest scores
of the pre-service teachers in the experimental group. Table 7 presents the findings of the t-test.

Table 7. The Comparison of Experimental Group Nature of Science Scale Pretest and Posttest Scores

Measurement N X S sd t p
Pretest 37 2.66 31 36 4.62 .00
Posttest 37 2.92 32

It was determined that the argument-based laboratory approach led to a difference in the nature of scientific
knowledge scale scores of the students in the experimental group (t [36] = 4.62, p <.05). The findings showed that
the mean pretest scale score of the students was X = 2.66, and the mean posttest scale score was X = 2.92. These
findings depicted that argument-based laboratory method had an impact on students' perceptions on the nature of
scientific knowledge. The effect size was calculated to determine the magnitude of the difference that favored the
nature of science scale posttest scores of the pre-service teachers in the experimental group. The two calculated effect
sizes (d = .75> .50 moderate effect; n? = .37> .14 high effect) indicated that there was a moderate-high effect size of
the difference between the mean scores. According to the eta-squared test results, which exhibited a high effect size,
37% of the variance in the posttest scores of the pre-service teachers in the experimental group was explained by the
application.

3.5 Fifth Sub-Problem Findings

Mann-Whitney U-test was conducted to determine whether there was a difference between the scientific process
skills test posttest scores of the experimental and control groups. Table 8 shows the findings of Mann-Whitney
U-test.

Table 8. The Comparison of Experimental and Control Group Scientific Process Skills Test Posttest Scores

Group N Mean rank Total rank U p
Experimental 30 38.55 1156.50 208.5 .00
Control 30 22.45 673.50

As shown in Table 8, it was determined that there was a significant difference between the scientific process skill test
scores of pre-service teachers in the experimental group where the argument-based laboratory method were
conducted and the scores of the pre-service teachers in the control group (U: 208.5, p <.05). The mean ranks revealed
that the scientific process skills of the pre-service teachers in the experimental group were higher compared to the
control group. This finding may indicate that argument-based laboratory method were effective on the improvement
of the scientific process skills. The effect size was calculated to determine the magnitude of the significant difference

Published by Sciedu Press 83 ISSN 1927-2677 E-ISSN 1927-2685



http://jct.sciedupress.com Journal of Curriculum and Teaching Vol. 9, No. 4; 2020

in the posttest scores that favored the experimental group. The findings demonstrated that the effect size (r = .46> .30
moderate effect) was moderate for the difference between the mean posttest scores of the experimental and control
groups.

3.6 Sixth Sub-Problem Findings

The t-test was conducted to determine whether there was a difference between the nature of science scale posttest
scores of the experimental and control groups. The findings are presented in Table 9.

Table 9. The Comparison of Experimental and Control Group Nature of Science Scale Posttest Scores

Group N X S sd t p
Experimental 37 291 32 66 2.58 .01
Control 31 2.74 22

The findings showed that argument-based laboratory application influenced student perceptions on the nature of
science (t [ 66] = 2.58, p <.05). The experimental group scale scores (X: 2.91) were higher when compared to the
control group scale scores (X: 2.74). These findings suggested that the argument-based laboratory method positively
affected the student perceptions on the nature of scientific knowledge. The effect size was calculated to determine the
magnitude of the difference between the nature of science post-test scores of the pre-service teachers in the
experimental and control groups that favored the experimental group. The two calculated effect sizes (d = .62> .50
moderate effect; 7> = .09> .06 moderate effect) demonstrated the effect size was moderate for the difference between
the mean scores. The analysis of the eta-squared test revealed that 9% of the variance between the group posttest
scores is explained by the argument-based applications.

4. Discussion

The argumentation is considered a type of discussion where logical inferences are made based on evidence (Driver,
Newton, Osborne, 2000; Kelly, Chen, & Crawford, 1998; Kuhn, 2005; Lemke, 1990). In other words, it entails
logical inferences by the association of the claim and the data and assessment of the claims based on experimental
and theoretical evidence (Jimenez-Aleixandre & Erduran, 2007). Argumentation is a form of discussion that employs
evidence to obtain a logical inference and could be observed in daily discussions of the scientists. The nature of
science includes the definition of science, scientists, and scientific tasks, methods, and how to conduct science (Tasar,
2003). Scientific process skills were defined as a comprehensive set of transferable skills that reflect scientific
behavior (Padilla, 1990). These include the skills frequently employed by scientists in their studies such as
observation, measurement, classification, data recording, hypothesizing, data modeling, changing and checking
variables, and experimenting (MEB, 2013). Studies revealed that argumentation, the nature of science and scientific
process skills are interrelated, and studies demonstrate that this correlation is required. That is why the purpose of
this study was to determine the impact of argument-based laboratory method on the scientific process skills of the
pre-service teachers and their views on the nature of science.

The study findings depicted that there was a significant difference between the pretest and posttest scores of the
control group where close-ended experiments were performed and the experimental group where argument-based
applications were performed. The effect sizes results showed that both applications were effective at large. One of
the places where students can acquire scientific process skills is laboratories. Simsekli and Calis (2008) examined the
impact of laboratory applications on the scientific process skills of classroom teachers. They observed that the
theoretical instructions and applications conducted during the course led to a significant improvement in the related
skills of the students. Other studies determined that science laboratory applications had an effect on the development
of scientific process skills of pre-service teachers (Aydogdu & Buldur, 2013; Sahin-Pekmez, Aktamis, & Can, 2010).
Giiltepe and Kilig (2015) reported that both traditional instruction and argument-based instruction approaches
contributed to the development of the integrated scientific process skills of the students. Traditional experiments do
not lead to adequate cognitive development among students. When traditional experiments are performed, the
development of student skills is limited. Furthermore, studies revealed that traditional laboratory applications do not
provide adequate opportunities for the students to generate arguments and assess their peers’ arguments and the
development in their scientific process skills, their understanding about the nature of scientific knowledge, their
critical thinking, research and judgment skills would be poor (Sekerci & Canpolat, 2014).
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Pre-service teachers experience processes such as observation, measurement, and data collection in traditional
laboratory applications; however, they do not have the opportunity to experience processes such as problem
identification, research problem development, method determination, research design and implementation, data
collection and interpretation, and drawing conclusions (Ulu & Bayram, 2014).

After the applications with the experimental and control groups, an increase in scientific process skills was detected.
The findings of the study revealed that the difference between the two groups based on skills favored the
experimental group. The findings depicted that the impact of the argument-based laboratory method on the
development of scientific process skills was partially high. The related effect size was moderate. The reason for the
moderate effect size was the impact of traditional laboratory applications on students' scientific process skills. This
finding was consistent with previous studies’ findings postulating argument-based laboratory method improved
scientific process skills (; Demircioglu & Ugar, 2015; Giiltepe & Kilig, 2015; Sekerci & Canpolat, 2014).

According to the study findings, it appears that argument-based laboratory method had an impact on students’ views
on the nature of science. The related effect size was moderate. The reason for the moderate effect size was the impact
of traditional laboratory applications on students' views on the nature of science. Studies reported that
argument-based applications have an impact on students’ perceptions on the nature of science conducted with
middle school, high school and college students (Acar, Tola, Karacam & Bilgin, 2016; Bell & Linn, 2000; Cook &
Buck, 2013; Giimrah, 2013; Kutluca & Aydin, 2017; McDonald, 2010; Cengiz, & Kabapinar, 2017; Yerrick, 2000).
For instance, the study of Khishfe (2012), conducted with 11th graders, suggested that exposing students to relevant
socio-scientific issues might increase their views on NOS and their argumentation skills. The present study findings
were consistent with previous studies reported in the literature section.

5. Conclusion and Recommendations

In recent years, argument-based instruction has been frequently used in science education. Using argument-based
activities in science education allows students to produce scientific knowledge. Thus, the contribution of
argument-based activities to students has been discussed. In this study, the effects of argument-based laboratory
method on pre-service teachers’ scientific process skills and their perceptions on the nature of science were examined.
The findings revealed that the argument-based laboratory method improved the pre-service classroom teachers’
scientific process skills and positively affected their perceptions on the nature of science.

In the renewed classroom teacher undergraduate curriculum, laboratory applications were reduced from two
semesters to one semester (Council of Higher Education [CHE], 2018). Reducing laboratory applications to a single
semester limits the science education. The laboratory course should be instructed more intensively. Thus,
argumentation, as a contemplative activity in laboratory applications, would increase the effectiveness of this course.

The literature review showed that studies on science education were mostly conducted with the study groups that
consist of elementary school students and pre-service science, chemistry, and biology teachers. Considering that
classroom teachers instruct the third and fourth grade students when the science course was introduced for them for
the first time, future studies on science courses should focus on pre-service classroom teachers.
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