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Effect of Argumentation on Prospective Science Teachers' Scientific
Process Skills and Their Understanding of Nature of Scientific Knowledge
in Chemistry Laboratory

ALI RIZA SEKERCI and NURTAC CANPOLAT
Abstract
The aim of this research is to analyze the effect of Argumentation on prospective
science teachers' scientific process skills and their understanding of the nature of
scientific knowledge in the chemistry laboratory. In this study, non-equivalent pre-test
post-test control group approach, which is one of the quasi-experimental methods, is
used. The study group contains 91 college freshmen students studying in the
Department of Science Education of the Kazim Karabekir Education Faculty, Ataturk
University, which is located in the Eastern Anatolian Region of Turkey. Data of the
study is collected through scientific process skill test (SPST) and the nature of scientific
knowledge test (NSKT). Data from SPST and NSKT are analyzed through inferential
statistics method. A statistically significant difference is found between experimental
and control groups' SPS post-test mean scores (t(89)= 4.943; p= .000). A statistically
significant difference is found between experimental and control groups' NSK post-test
mean scores (t(89)= .819; p= .05). It is shown in this study that the argumentation
contributes to the scientific process skills of the students, but does not have a
significant influence on their understanding of the nature of scientific knowledge.
Keywords: argumentation, chemistry laboratory, scientific process skills, nature of the
scientific knowledge.
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Introduction
The main purpose of science education is scientific literacy for students. Scientific
literacy refers to students’ understanding of the concepts, principles, theories, and processes
of science, and one’s awareness of the complex relationships between science, technology,
and society (Klopfer, 1969). Moreover, scientific literacy defines the values and beliefs
naturally existing in the epistemology of the science, the science as a means of knowledge,
or scientific knowledge (Abd-El-Khalick, Bell, & Lederman, 1998). Scientific literacy includes
understanding not only scientific knowledge, but also understanding the nature of science'knowledge of both why science believes what it does and how science has come to think
that way' (Duschl, 1988). Bell and Lederman (2003) describe the nature of the science as the
most fundamental component of the scientific literacy. Improving students’ conceptions of
nature of science (NOS) is considered a principal target in science education (Abd-El-Khalick
& Lederman, 2000). This target is stressed on current science education reform documents
around the world (American Association for the Advancement of Science [AAAS], 1993;
Millar & Osborne, 1998; National Research Council [NRC], 1996). Furthermore, scientifically
literate individuals should have an understanding of the real world and diverse lifeexperience, utilize scientific principles and scientific process skills while making decisions,
discuss scientific issues, and use science and technology for resolution of societal problems
(NRC, 1996). The argumentation has been recently playing a major role in terms of
improving the scientific literacy of students (Driver, Newton, & Osborne, 2000; Duschl &
Osborne, 2002; Shieh & Demirkol, 2014; Erduran & Jiménez-Aleixandre, 2007). According to
Erduran, Osborne, and Simon (2004), students tend to occupy themselves with rational
thinking processes and may improve their own process for the interaction between the
individual and social dimensions, value judgments, beliefs and taking advantage of
knowledge, if they support each other's high quality arguments. Moreover, students develop
strategies to judge the opposing ideas. Students use proofs to support their claims, and they
continuously communicate with each other to evaluate the knowledge they received. Since
argumentation is a process, students collaborate with each other or disprove some other
person's ideas to come up with new arguments (Maloney & Simon, 2006). Thus, students,
just like scientists may have the chance to understand how ideas are created and to become
involved in the argumentation during this creation. Their understanding of the nature of the
science may also change.
Laboratories are at the heart of science education. Science teachers promote the
laboratories as a prominent factor in terms of the comprehension of the nature of science
(Hofstein, Kipnis, & Kind, 2008; Hofstein & Lunetta, 2004; Mamlok-Naaman & Barnea, 2012).
In the case of inductive open-ended type laboratories, students are not informed about
what is coming at the end of the experiment. The teacher is responsible for determination of
the equipment and tools required for the experiment. And the student is responsible for
experimenting, recording the data, and for analyzing and interpreting the data. At the end of
the experiment, the student is asked to make a descriptive generalization over a chemical
law or principle. Students are given information on how to do this type of experiment. Most
of the time they do not even think about the steps (Hofstein et al., 2008; Hofstein & Lunetta,
2004; Walker, Sampson, Grooms, Anderson, & Zimmerman, 2010; Walker, Sampson,
Grooms, & Zimmerman, 2011; Walker, 2011).
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For this reason, traditional experiments contribute poorly to the cognitive development
of the students. When the experiments are performed in this manner, students' skills
develop only to a limited extent. Moreover, it may be said that students are not provided
with sufficient chance to generate arguments and to evaluate each other's arguments in the
traditional laboratory, and that their scientific process skills, understanding of the nature of
scientific knowledge, critical thinking, research and judgment skills develop poorly.
Challenging and complex problems may be introduced to the students during the tests. The
traditional laboratory environments are not sufficiently qualified to help students overcome
their problems, or to support them in acquiring the aforementioned skills. For this reason,
students require a laboratory environment that could reinforce their skill-development
process, apart from the approach and model previously mentioned. Such a laboratory may
have enough room for argumentation. An argumentation-oriented laboratory is based on
the inquiry-based learning approach (Katchevich, Hofstein, & Mamlok-Naaman, 2013;
Katchevich, Mamlok-Naaman, & Hofstein, 2014; Kind, Wilson, Hofstein, & Kind, 2010;
Ozdem, 2009; Sekerci & Canpolat, 2014). In an inquiry-based argumentation laboratory,
students may develop features of a scientist; learning how to be a scientist and to contribute
to science. Moreover, an inquiry-based argumentation laboratory may effectively engineer
the scientific process skills of the students. Laboratories that spare enough room for
argumentation may provide students with major contributions to enable them to generate
arguments (Jiménez-Aleixandre & Erduran, 2007; McNeill, Lizotte, Krajcik, & Marx, 2006),
gain a sense of scientific discussion, and to better understand the nature of the scientific
knowledge (Osborne, 2009; Osborne, Erduran, & Simon, 2004; Zohar & Nemet, 2002). In
other words, today's laboratories should feature student-oriented, inquiry-based
argumentation in order to allow them make choices, become involved in discovery-driven
activities before and after the experiments, to perform exciting live rather than dull or
boring experiments, and to create more designs and think up more ideas.
There are studies in the literature showing the effect of laboratory argumentation on
conceptual understandings (Demircioglu, 2011; Hand, Nam, & Choi, 2012; Sekerci &
Canpolat, 2014), attitudes (Demircioglu & Ucar, 2012; Kaya, Dogan, & Kilic, 2005), scientific
process skills (Demircioglu & Ucar, 2015; Gultepe & Kilic, 2015; Kaya, 2009), and the nature
of science. There are a limited amount of studies on the effect of argumentation in the
chemistry laboratory on students' scientific process skills and their understanding of nature
of science (Walker, 2011), so a new study is required to open up the horizons for science
teaching, and for chemistry teachers, tutors and students. Therefore, the aim of this
research was to analyze the effect of argumentation in a chemistry laboratory on students'
scientific process skills and the nature of the science. In accordance with this purpose,
answers to the following research questions are sought:




Is there any statistically significant difference in terms of students' scientific process
skills between argumentation-oriented experimental group and traditionally
educated control group?
Is there any statistically significant difference in terms of students' perspectives on
the nature of the scientific knowledge between argumentation-oriented
experimental group and traditionally educated control group?
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Methodology
The quasi-experimental method included in the quantitative design was employed in
this study. Non-equivalent pre-test post-test control group approach was used, which is one
of the quasi-experimental methods (McMillan & Schumacher, 2014).
The study group for this research was formed of 91 first grader students, studying in two
different classes of the Department of Science Education during the 2011-2012 spring
semester of Kazım Karabekir Education Faculty at Ataturk University, located in the Eastern
Anatolian Region of Turkey, and taking the course titled "General Chemistry Laboratory-II".
One of the classes was designated as the experimental group and the other as the control
group, in a random manner. There are 47 students (33 females, 14 males) in the
experimental group and 44 students (34 females, 10 males) in the control group. Students in
the experimental group vary between 19 and 24 years old, while students in the control
group vary between 18 and 27.
The experimental group was chosen via the convenience sampling method (of random
sampling methods) (Buyukozturk, Kilic-Cakmak, Akgun, Karadeniz, & Demirel, 2012;
McMillian & Schumacher, 2014). Choosing the convenience sampling method plays an
important role for the study as the samples should easily be accessible, convenient and
feasible. However, the convenience sampling method's demerit is the generalization of
research-based results to the population (McMillan & Schumacher, 2014).
Data of the study was collected through scientific process skill test (SPST) and nature of
scientific knowledge test (NSKT).
SPST was developed by Burn, Okey, and Wise (1985), and translated and adopted into
Turkish by Geban, Askar, and Ozkan (1992). SPST consists of 36 multiple-choice items:
defining the variants (12 questions), suggesting scientific explanations (6 questions),
formulating hypothesis (9 questions), drawing and interpreting (6 questions), and research
design skills (3 questions). Geban et al. (1992) defined SPST's reliability coefficient (Cronbach
alpha) as .82. SPST was applied as both a pre-test and post-test for both the experimental
group and also the control group as well.
NSKT was developed by Sampson and Clark (2006), and translated and adapted into
Turkish by Akyol, Tekkaya, and Sungur (2010). NSKT consists of 26, 5-point, Likert-type items:
nature of the scientific knowledge (6 questions), methods for producing scientific knowledge
(6 questions), reliability and validity of the scientific knowledge (7 questions), and roles of
the scientist regarding creation of scientific knowledge. All items in the NSKT have two
contradicting ideas. One of these is the scientific idea as an argument and descriptive
process, and the other is the epistemological idea regarding the nature of the science. Akyol
et al. (2010) defined NSKT's reliability coefficient (Cronbach alpha) as .75. This test was
applied both as a pre-test and post-test for both the experimental group and also the control
group as well.
Application was performed on the General Chemistry Laboratory-II course in the two
college freshmen classes of the Department of Science Teaching, Kazım Karabekir Education
Faculty at Ataturk University, taught during the 2011-2012 spring semester. One of the
classes was designated as the experimental group and the other as the control group, in a
random manner. Argumentation approach was used for the experimental group and

ÜNİVERSİTEPARK Bülten • Volume 3 • Issue 1–2 • 2014

ALI RIZA SEKERCI and NURTAC CANPOLAT

11

traditional approach used for the control group during the research. Experiments chosen for
this study are pH, Hydrolysis and Acid-Base titration (Alkan, Bayrakceken, Gurses, & Demir,
1997), colligative propertied, freezing point depression (Gurses & Bayrakceken, 1996),
factors effecting reaction rate (Bayrakceken, Gurses, & Doymus, 1999), variants affecting the
chemical equilibrium (concentration and temperature) (Canpolat, 2002; Summerlin & Ealy,
1985), and addition of heat of reactions (Bayrakceken et al., 1999). For the experimental
group, argumentation-oriented worksheets were prepared, and the experimental group
designed the tests themselves. But for the control group, most of the tests were applied as
they found in the sources, and some of them were applied with minor modifications. All
experimental and control group experiments included “how-to” guidance.
The experimental group students were separated into 12 groups. There was one group
of three students, and 11 groups of four students; based on their General Chemistry
Laboratory-I scores (low, intermediate and high). These groups were heterogeneously
formed for the interactions among the peers and collaborative learning within each group. In
order for the effective performance of the activities (active learning, argumentation-oriented
intra- and inter-group discussions, etc.), the experimental group was divided into two, with
each containing six students. During the application, the first group performed the
experiment and the other were taken to the laboratory. Thus, both groups were unable to
communicate. Through the application, the experimental group students received the
worksheets of the next experiment, and the experiment was explained in detail. Students
individually conducted their research in line with these worksheets. Then, each group was
separately interviewed the day before laboratory day, and they were asked about their
experiment plan confirming with the problems, and concepts regarding the experiment were
discussed within the group. After the intra-group discussions, the groups were asked about
the design of their experiment, their rationale and the concepts given on the worksheet. On
the laboratory day, the worksheets were handed to each group, and each were asked to
jointly complete the worksheets as a group. When the worksheets were filled, these groups
had argumentation-oriented discussions over the experiment designs. Everything was set
and clear before the experiment phase. Following the experiments, these groups had
argumentation-oriented discussions over the experiment results. Then worksheets of the
next experiment were handed out. This process was repeated until the end of the last
experiment. The students were encouraged to suggest claims, counter claims, rationales and
supporting ideas, refutes during the intra- and inter-group argumentation-oriented
discussions.
Students in the control group were divided into 11 groups, based on their General
Chemistry Laboratory-I scores (low, intermediate and high). The control group was divided
into two, with five and six student groups respectively. The groups in the first part
performed their experiments, and the groups in the second part were taken to the
laboratory. Students in the control group received sheets of the experiments and were asked
to be prepared. The experiment sheets carried the name of the experiment, information,
purpose, tools and equipment, how-to, data regarding the experiment, results, and
evaluation inquiries. As for the experimental group, the application guide asked the
students, of the control group, questions and their answers were collected. They were
informed about the experiments; after which, the groups performed the experiments. Each
of the tests was applied for one week during the application process. Tests were conducted
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in both groups on two courses at the same time. Applications in both the experimental and
control groups were guided by the researchers.
Data from SPST and NSKT were analyzed via inferential statistical approach. Data
collected by this test were analyzed via the statistics program. After application of each test,
in order to identify if the distributed test scores were normal, the z skewness value (zs) which
was obtained via the skewness coefficient divided into the standard error was assessed, and
zs for the each test was defined. zs proves that ±1.96 is a normal distribution at the
significance level of .05 (Field, 2013). With reference to these findings, SPST and NSKT zs
values are tabulated below:
Table 1. zs values by SPS pre-test and post-test scores
Experimental Group
Control Group
zs
zs
Pre-test
.640
.090
Post test
.242
-.213
Note: Skewness coefficient (SC), standard error of skewness coefficient (SEs)
It is understood from the zs values of Table 1 that NSK pre-test and post-test scores of
both groups demonstrate normal distribution. For this reason, an independent t-test was
performed to identify if there was a statistically significant difference between pre-test and
post-test scores of the groups.

Pre-test
Post test

Table 2. zs values by NSK pre-test and post-test scores
Experimental Group
Control Group
zs
zs
-2.07
-.63
.54
-.34

It is understood from the zs values given in Table 2, that NSK pre-test results of the
control group demonstrate normal distribution, whereas NSK pre-test results of the
experimental group does not demonstrate normal distribution, and NSK post-test results of
both of the groups demonstrate normal distribution. Mann-Whitney U-test was then
performed to identify if there was a statistically significant difference between pre-test
results. An independent t-test was performed to identify if there was a statistically
significant difference between post-test results of both of the groups. The significance level
in the study was taken .05.

Findings
In order to form answers to the research inquiries, results of the independent t-test
conducted for SPS pre-test and post-test scores are given in Table 3.
Table 3. Independent t-test results by SPS pre-test and post-test averages
Group
95% CI for
Mean
Exp.
Control
Difference
M
SD
n
M
SD
n
t
Pre-test
21.51 3.44
20.48 4.21
-.564, 2.63 1.29
47
44
Post-test
24.11 3.32
20.68 3.39
2.07, 4.87
4.94*
*p < .05.

df
89
89
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A statistically insignificant difference was found between the experimental and control
groups' SPS pre-test mean scores, as shown in Table 3 (t(89)= 1.29; p>.05). On the other
hand, a statistically significant difference was found between the experimental and control
groups' SPS post-test mean scores (t(89)= 4.94; p= .000). As may be understood from the
analysis results, experimental group's SPS post-test mean scores (M= 24.11, SD=3.32) are
higher than control group's SPS post-test mean scores (M= 20.68, SD= 3.39). In order to
determine how effective argumentation approach is on the experimental group students'
scientific process skills, its effect sizes ( 2) are referred. For effect sizes, .01 is interpreted as
little effect, .05 as intermediate effect and .08 as strong effect (Cohen, 1998, 1992). For SPS
post-test, effect size of the argumentation-oriented teaching approach was calculated as η2=
.26. Interpretation of this condition may be "the variance in the average SPS post-test scores
can be explained by the approach, 26% of which was applied". It may also be said that the
argumentation-oriented teaching approach massively contributes to the scientific process
skills of the students.
Findings of the Mann-Whitney U-test applied on the NSK pre-test scores are shown in
Table 4, and findings of the independent t-test applied on the NSK post-test scores are
shown in Table 5.
Table 4. Findings of Mann-Whitney U-test for the NSK pre-test findings
Sum of
Group
n
Mean Rank
U
p
Ranks
Exp.
47
46.51
2186.00
1010.00
.849
Control
44
45.45
2000.00
An insignificant difference is found between the experimental and control groups' NSK
pre-test mean scores, as represented in Table 4 (U= 1010.00; p>.05).

Post-test

Table 5. Independent t-test results by NSK post-test findings
Group
95% CI for
Exp.
Control
Mean
Difference
M
SD
n
M
SD
n
84.26 7.18 47
82.98 7.70
44
-4.38,1.82

t
-.82*

df
89

A statistically insignificant difference is found between the experimental and control
groups' NSK post-test mean scores, as represented in Table 5 (t(89)= -.82; p > .415).

Conclusion and Discussion
Aim of this research was to analyze the effect of Argumentation on students' scientific
process skills and their understanding of nature of scientific knowledge in chemistry
laboratory. Findings of this study reveal that argumentation approach is more effective than
the traditional approach in terms of the scientific process skills. According to this result, the
argumentation-oriented teaching approach massively contributes to the development of
students' scientific process skills.
In terms of the scientific process skills, argumentation-applied experimental group
students are more successful compared to argumentation-applied control group students,
because:
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They design experiments to support their claims;
They make use of tools and equipment, effectively and correctly;
They take the required safety precautions;
They can relate reasons and results in the experiments;
They demonstrate results of their experiments during the post-experiment
discussions, in figures, charts or graphics;
They collaborate throughout the experiments.

A literature review revealed that the number of studies analyzing the effect of
argumentation on the scientific process skills to be quite limited (e.g., Gultepe & Kilic, 2015;
Yılmaz, 2013; Kaya, 2009). Demircioglu and Ucar (2015) revealed that students' scientific
process skills could be develop in one study, and results of this study is in compliance.
In the study, performance of the experiments of the General Chemistry Laboratory-II
with either argumentation approach or traditional approach does not significantly affect
control and experimental group students' understanding of the nature of scientific
knowledge. Most of the studies dealing with this subject (e.g., Bell & Linn, 2000; Ozer, 2009;
Tekeli, 2009; Ozdemir, Boydak Ozan, & Aydogan, 2013; Ulucinar Sagir, 2008; Buran, 2012;
Yerrick, 2000) conclude that argumentation is more effective over the traditional approach
in terms of students' development of understandings of the nature of scientific knowledge,
which differs to the results of this study. However, results of Yesiloglu (2007) and this study
are in compliance. Application length of some of the studies concluding that argumentation
is better over traditional approach in terms of students' understanding of the nature of
scientific knowledge are longer; for example, Ulucinar Sagir’s (2008) was performed over
two years and Yerrick (2000) for one year.
This highlights how important the application length is in terms of students'
development of understanding the nature of scientific knowledge. In other words, long-term
applications were required for the development of their understanding of the nature of
scientific knowledge. Based on these results, the effect of argumentation regarding the
students' chemistry, physics and biology questions during the laboratory courses on their
scientific process skills and their understanding of the nature of scientific knowledge may be
studied. Through long-term studies during the laboratory courses, effects of argumentation
on students' understanding of the nature of scientific knowledge can be researched.
Moreover, inter-group discussions on the results of the studies regarding the
argumentation-oriented teaching approach may highlight the nature of the scientific
knowledge.

Notes
Corresponding author: ALI RIZA SEKERCI
This research is a part of the doctoral dissertation “The Effect of Argumentation Based
Instruction on Students’ Argumentation Skills and Conceptual Understanding in Chemistry
Laboratory" completed in 2013 in the Institute of Educational Sciences of Ataturk University
by the first author with participation of the latter. It was also verbally presented in the
International Conference on Best Practices and Innovations in Education (October 26-28,
2015, Izmir, Turkey).
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