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ABSTRACT This research aimed to determine and develop 8" grade students’ views on the demarcation between
science and pseudoscience. In this context, the study was designed with convergent parallel design which
is a mixed research method. The study group for the quantitative dimension was composed of 32 8th
graders in a secondary school in Akdeniz district of Mersin province. The study group for the qualitative
dimension consisted of six students selected from among these 32 students by purposeful sampling
method. As data collection tools, Pseudoscience Belief Scale which consisted of 21 questions and a semi-
structured interview form composed of nine questions were used. During the data analysis, statistical
calculations were done by using the SPSS package program for the quantitative dimension. Content
analysis method was used to categorize qualitative as codes and themes. Based on the study results, it
was observed that the pseudoscientific beliefs were not based on gender and it was found that students’
pseudoscientific beliefs decreased with the implementation in which the argumentation method was
used.
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Ogrencilerinin bilim s6zde-bilim ayrimina iligskin goriislerinin
gelistirilmesi

0Z Bu calismada sekizinci simf dgrencilerinin bilim ve s6zde-bilim ayrimuna iligkin goriislerinin tespit
edilmesi ve bu goriislerinin gelistirilmesi amaglanmigtir. Bu baglamda c¢alisma, karma arastirma
yontemlerinden yakinsayan paralel desene gore diizenlenmistir. Arastirmanin nicel boyutunun ¢alisma
grubunu Mersin ili Akdeniz ilgesinde yer alan bir ortaokuldaki sekizinci sinif diizeyinde 6grenim goren
32 dgrenci olusturmaktadir. Arastirmanin nitel boyutunun ¢alisma grubu ise 32 6grenci arasindan amagl
orneklem yontemiyle secilen altt 6grenciden olusmaktadir. Veri toplama araglari olarak 21 sorudan
olusan Sozde-Bilim inams Olgegi ve dokuz sorudan olusan yari yapilandirlmis goriisme formu
kullanilmigtir. Veri analizinde nicel boyut igin SPSS paket programu kullanilarak istatistiksel
hesaplamalar yapilmistir. Nitel veriler ise icerik analizi yontemiyle kodlar ve temalara ayrilmistir.
Caligma sonucunda sozde-bilimsel inaniglarin cinsiyet faktdriine bagli olmadigi ve argiimantasyon
yonteminin kullanildigi uygulama ile 6grencilerin s6zde-bilimsel inaniglarinda azalma meydana geldigi
goriilmiistiir. Ayrica cinsiyet faktdriine bagli olmaksizin uygulama 6ncesi 6grencilerin bilim ve sézde-
bilime yonelik fikir ve bilgilerinin, uygulama sonrasinda kismen degistigi ve gelistigi goriilmiistiir.
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INTRODUCTION

Today, science is one of the most distinct indicators that demonstrate the level of development in
countries. Now we have reached a stage where science education is necessary and compulsory for
societies to ensure the continuity of development (Soslu, 2014). What science is and how it is supposed
to be should be comprehended well before teaching science. However, there is no agreement on these
two questions yet (Cetinkaya et al., 2015). This state is explained by the fact that science, by its nature,
has a variable and comprehensive structure (Afonso & Gilbert, 2010).

There is no clear and agreed upon definition of science. For example, according to McComas (1998),
science is an activity undertaken to reveal valid and reliable generalizations and explanations that are
open to everyone to use by using scientific research methods to answer questions about the natural
world. According to Einstein (1940), science is an effort to ensure compatibility between sensory data
(perceptions) devoid of any order and logical regular thinking. Russell (1997), on the other hand, defines
science as an effort to find out the facts about the world through observation and reasoning based on
observation and then to discover the laws that connect these facts. In national literature, Yildirim (2010,
p.16) regards science as “not a frozen, stationary topic, but an activity that develops and changes at a
constant and increasing pace”, while Topdemir (2002, p. 45) confines science as “knowledge with
certain qualities.” Sahin (2006) regards science as the effort of human beings to research the phenomena
of nature and society with certain methods and to produce systematic information. Despite the existence
of many definitions, there is still no clear conclusion about which explanations should be accepted
scientifically (Lambert & Brittan, 2011). Therefore, it is difficult to distinguish between scientific and
non-scientific information. Approaching a thought or research as if it were scientific attracts people's
attention to that subject and can cause them to value it more. The fact that science is highly valued has
also brought pseudoscientific fields or beliefs under the name of science. In this context, pseudoscience
can be defined as all the propositions, practices and attitudes arranged according to a certain logic that
seems scientific (Martin, 1994). On the other hand, pseudoscience that gives the impression of actually
possessing scientific norms is regarded as the body of unfounded thoughts (Tutar, 2014) that replicate
the process and terminology of science that cannot be revised within the scope of new scientific
information and that cannot contribute to scientific research. Today, topics such as astrology,
numerology, grafology, reflexology, UFO, healing stones, homeopathy, reincarnation and
parapsychology are examples of pseudo-scientific beliefs which are presented on popular media and can
influence large audiences (Liu, 2009). Many studies in the literature reveal that pseudoscientific beliefs
are widely accepted in societies and there is a high rate of inability in distinguishing pseudoscience from
science (Johnson & Pigliucci, 2004; Sugarman et al., 2011). In addition, some research reported an
increase in students’ pseudoscientific beliefs in recent years (Shein et al., 2014; Tseng et al., 2014).
According to Tutar (2014) relevant research links these widespread perceptions and increasing beliefs
in pseudoscience to the use of language preferred by pseudo-science that seems deceptive and scientific.
The researcher even states that this misleading language can easily canalize educated people at all levels.
In the same vein, Martin (1994) states that the technical language, complex arguments and a series of
journals and texts that give people the assumption that pseudoscience is scientific provide the foundation
for an atmosphere that sounds scientific, thus facilitate the actors and sectors in pseudoscience. In this
respect, distinguishing between the scientific from the non-scientific is of great importance. In this
context, Popper (2002, p. 66) suggests the criterion of falsifiability while Kuhn (1996) suggests the
paradigm among the criteria of science. Lakatos (2014, p.121) finds in distinguishing between science
and pseudoscience inadequate and claims that scientific research programs should evaluate a series of
theories, not a single theory. Sénmez (2008, p.175) argues that scientific propositions are testable,
falsifiable, and confutable. In distinguishing between scientific and pseudoscientific information, some
researchers developed various criteria by expressing the issues they consider to be important. For
example, according to Wynn and Wiggins (2008), while scientific observations or explanations arise
from real events; pseudoscientific observations do not contain reality (cited in: Arik & Akgay, 2018, p.
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5). According to Bunge (2011), the following can be used to distinguish between science and
pseudoscience: pseudoscience includes inconsistent and ambiguous ideas, it is not based on existing
scientific findings and pseudoscientific statements violate the basic principles of science. However, it is
also stated that the criteria identified for distinguishing between science and pseudoscience are
insufficient and the scientific world will have difficulties in dealing with pseudoscientific information
in a logical manner within the scope of these insufficient criteria and difficulties in regards to definitions
(Efthimiou & Liewellyn, 2006). The reason why pseudoscience is partly advantageous over science in
the struggle between science and pseudoscience can be explained with a number of arguments. First;
pseudoscience uses an easier and more understandable language for society, while the scientific
language is more complicated. This does not arise from the weakness of science but is rather related to
the comprehensive nature of science. Secondly, pseudoscience can benefit from science when it is
possible by using the data produced by science in a way that supports its own claims. However, it is not
possible for science to benefit from pseudoscience in this manner. Thirdly, the capacity of human beings
that will help distinguish between science and pseudoscience and their insufficient field knowledge are
thought to be effective in pursuing pseudoscientific beliefs. Kirman Cetinkaya et al. (2013) suggested
that these three obstacles can be overcome by emphasizing scientific literacy and that science
/pseudoscience distinction can be made with the help of scientifically literate individuals.

The concept of scientific literacy was first used by Paul Hurd and McCurdy in 1958 (as cited in: Kaya
& Bacanak, 2013). One of the important features that scientifically literate individuals should have is
the ability to distinguish the scientific from the unscientific in addition to having knowledge about the
sub-dimensions of science (Norris & Phillips, 2003). Scientific literacy is regarded to be very important
for distinguishing between science and pseudoscience. Science is of great importance not only for
scientists but even for non-scientists (Russell, 1997). In this context, science education should not only
aim to teach scientific facts but it should be effective in learning and doing science in addition to
evaluating the value, strength and limitations of scientific knowledge (Turgut et al., 2010). Science
education programs are organized from this perspective. For the first time in Turkey, the 2005 “Science
and Technology Curriculum” vision stated the goal is to train all students to be scientifically literate
regardless of individual differences (Ministry of National Education [MoNE], 2005). The curriculums
prepared after 2005 also targeted to provide science education from which scientifically literate
individuals can benefit in their daily lives and professional careers. Science literacy, which is generally
considered to be the same as scientific literacy, is regarded to be an important factor in providing
societies with a scientific perspective. Science literate individuals are expected to contemplate new
explanations with a questioning perspective when they make decisions about personal and social issues.
Argumentation process must be experienced first in order for these cognitive competencies and
judgments to take place since argumentation is the process of making claims valid by making
justifications and supporting them by data. In other words, argumentation is an activity or discussion to
reach logical decisions to explain the contrast between the two opposite situations (Kaya & Kilig, 2008).
In addition, the necessity of using argumentation process in science education is supported by the fact
that science education based on the argumentation process equips individuals with the ability to
scientifically examine daily events and scientific studies and to think about these circumstances in a
scientific manner. In this context, it can be said that using the argumentation method in interesting
contexts and scenarios will be an important method to distinguish between science and pseudoscience
(Arik & Akgay, 2018). It is believed that examining contradictions with the help of argumentation,
presenting knowledge claims and looking at the situation in a holistic way with the help of rationales
and confutations may be possible when making distinctions between scientific and non-scientific
information. In addition to the mentioned benefits of argumentation, Osborne et al. (2004) state that
argumentation-based teaching is a discourse that allows students to improve their knowledge-related
practices. For these reasons, this study utilized learning activities based on argumentation to develop
awareness of science and pseudoscience distinction in students.

Relevant studies in literature that address pseudoscience (Giil, 2016; Impey et al., 2012; Losh &
Nzekwe, 2011; Tsai et al., 2015) show that the target groups were generally adults and university
students. Studies with high school students and studies to identify the pseudo-scientific beliefs of
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students at different grade levels (Afonso & Gilbert, 2010; Kallery, 2001) are also available in literature.
Regardless of the age group, studies pointed to the existence of pseudoscientific beliefs in most of the
students as a common finding. In addition to these studies in international literature; Martin's (1994)
research on the effects of pseudoscience on science students and McLean and Miller's (2010) study to
reduce students' paranormal beliefs and develop critical thinking skills are also among the relevant
studies. Turgut (2009) examined teacher candidates’ views on the distinction between science and
pseudoscience, while Kaplan (2014) focused on teacher candidates’ views on the distinction between
science and pseudoscience with regards to astrology and astronomy. Ayvaci and Bag (2016) examined
classroom teacher candidates, Aglarci and Kabapinar (2016) studied chemistry teacher candidates and
Giil (2016) examined biology, physics and chemistry teacher candidates on their views on the science-
pseudoscience distinction. Cekbas (2017) explored the effect of argumentation-based astronomy
teaching on science teacher candidates’ beliefs on the nature of science, pseudoscience and epistemology
while Senler and irven (2016) presented the effect of the elementary teacher candidates' epistemological
beliefs on their pseudoscientific beliefs. In addition, literature review points that there are two scale
development studies identifying pseudoscientific beliefs (Cetinkaya & Tasar, 2018; Kirman Cetinkaya
et al., 2013). Literature also includes studies to improve both students’ and teacher candidates’ ability
to distinguish between science and pseudoscience (Cekbas, 2017; Turgut et al., 2010). Furthermore,
albeit limited, there are assessment studies addressing the science-pseudoscience demarcation at
secondary school level and studies in which a curriculum or application is included along with
assessment (Arik, 2016; Metin, 2015). These studies were mainly conducted with the qualitative
research approach. This research was carried out with mixed research design was conducted on a sample
(8th grade) that had been rarely studied before in regards to the distinction between science and
pseudoscience. Some studies in literature examining the science and pseudoscientific distinction in
terms of the gender variable concluded that this distinction was not based on gender (Berkant &
Ermeydan, 2017; Giil, 2016; Lundstrom, 2007; Sahin & Ugar, 2018). On the other hand, gender was
found to be effective in some pseudoscientific issues such as astrology (Losh & Nzekwe, 2011; Williams
et al., 2007). In other words, literature presents different results for the relationship between the gender
variable and the distinction between science and pseudoscience. For this reason, gender dimension was
included to be examined as a sub-problem within the scope of this study.

Based on the general evaluations of the studies in literature, it can be argued that especially in the last
decade, the national literature has focused on the subject of distinguishing science from pseudoscience.
In addition, it was observed that the majority of the participants in these studies both in national and
international literature were composed of secondary and higher education students while elementary
school students were rarely included in the study groups (Aglarct & Kabapinar, 2016; Ayvaci & Bag,
2016; Lundstrém, 2007). Tt can be stated that especially the studies conducted with teacher candidates
focused on assessing the current situation in regards to distinguishing between science and
pseudoscience. It was also observed that these studies were designed with either quantitative or
gualitative research methods.

The present study, which aimed to analyze pseudoscientific beliefs in depth and to develop the
pseudoscience-science distinction through argumentation, was carried out with 8" grade students by
using a mixed method. This study is believed to contribute to relevant literature. The problem statement
in this study included four sub-dimensions; (i) Is there a significant difference based on gender in the
scores obtained from the Pseudoscience Belief Scale, applied before and after the argumentation-based
instruction?, (ii) Is there a significant difference between students’ pre and post instruction scale scores
in terms of students’ ability to distinguish between science and pseudoscience in the study in which the
argumentation method was used? (iii) What are the students’ views regarding the scientific knowledge
during the first interview and the final interview? and (iv) What are the students' views on pseudoscience
during the first interview and the final interview?
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METHOD

Convergent parallel design, a mixed research method, was used in this study. The convergent design is
a mixed method design in which both quantitative and qualitative data are collected at the same time
and analyzed and combined separately (Creswell & Plano Clark, 2018). In this pattern, data is collected
and analyzed simultaneously. The present study simultaneously collected different but complementary
data on the same subject and combined two data forms. During this process, it is expected that the data
will complement each other and confirm or reveal the differences, if any. For this reason, the study
followed the convergent parallel design.

Participants

The quantitative dimension of this study included 32 8" grade students in a secondary school in the
Akdeniz district of Mersin. The study group, selected with convenience sampling method, was
composed of the students (18 male, 14 female students) in Science Applications Course taught by the
first researcher at the school where he was working. The convenient sampling method was thought to
be practical to be used in the study and enabled the research process to be carried out more reliably
(Yildirim & Simsek, 2016).

The qualitative dimension of this study included six students. Three of the students selected via
purposeful sampling method were female and the other three were male students. In purposeful
sampling, the researcher selects individuals and environments for a specific purpose (Creswell, 2017).
The participants to be interviewed were selected according to the criterion sampling method, a sub-
dimension of the purposeful sampling method. The criterion in this study was obtaining the lowest and
highest score in the scale during the pre-implementation process for the quantitative dimension. It was
aimed to gather in-depth data by conducting interviews with three students (Two male, one female) who
got the highest scores and three students (one male, two female) who received the lowest scores from
the scale. During the interviews, the participant consent was obtained and interviews were conducted on
a voluntary basis. In addition, parents were informed about the research process and their consent was
obtained.

Instruments

Pseudoscience Belief Scale (PBS) developed by Cetinkaya and Tasar (2018) was used in the quantitative
dimension of the study with permission. The 5-Likert scale consists of 21 questions with three sub-
dimensions: pseudo-physical, pseudo-predictive and pseudo-medical. PBS was implemented twice in
the study: before and after the argumentation-based teaching process. The highest score that can be
obtained from each scale item is 5 and the lowest score is 1. While the highest score that can be obtained
from the scale is 105, the lowest score is 21. In addition, high scores obtained from the scale correlated
with higher belief in pseudoscience, while low scores show that lower belief in pseudoscience. In other
words, it is desirable to obtain low scores from the scale in question.

Semi-structured interview form was used as a data collection tool in the qualitative dimension of the
study. The interview form approach utilizes a list of questions to ensure in-depth examination during
the interview (Yildirim & Simsek, 2016). The number of questions in the interview form was increased
from 5 to 9 and necessary adjustments were made in the interview form was prepared with 5 open-ended
questions based on the feedback received from the experts and taking PBS sub-dimensions into
consideration. Appendix A presents the interview form used in the present research. The students were
audio-recorded with their permission when they were interviewed. The interviews took approximately
15 minutes.

Implementation

This study, which aimed to identify and develop perceptions regarding science and pseudoscience
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distinction, used the argumentation method in four different contexts. Prior to instruction based on
argumentation, PBS was given to the study group selected at the beginning of the study. The students
were ranked according to the scale scores they received before instruction. Among these students, three
students with the lowest score and three students with the highest score were identified. The semi-
structured interview form was given as a preliminary interview to these six students. After analyzing the
data collected at this stage, four level-appropriate topics (healing stones, reflexology, astrology and
ufology) were discussed using the argumentation method for four weeks, two lessons per week. Each
week, one of these topics was discussed in the classroom environment with the argumentation method.
The implementation process lasted a total of six weeks. In line with the argumentation method, the
students who were divided into groups before each discussion were given an argumentation form and
after they were asked to fill the form after reading the pseudo-science texts. Appendix B presents the
pseudo-science texts used in this study. In the forms, students were requested to determine the scientific
and non-scientific information in the texts and discuss their reasons in writing. Responses provided to
the forms were asked to be shared. In this direction, an argumentation process was carried out with the
participation of the whole class. The discussions were carried out under the supervision of the teacher
and with the participation of different students. The discussions on the pseudoscience texts were
included in lesson plans prepared according to the 5E approach. Appendix C presents a sample lesson
plan. PBS and interview form were applied to the same students again at the end of this period. The data
were analyzed after the implementation. Figure 1 presents the implementation process.

Figure 1.
Implementation Process

15 Week 2,3,4,5% Weeks 6™ Week
=PBS was administered =Using -PBS was administered to
to 32 students during argumentation 32 students during post-
pre-instruction phase mecthod, 4 topics mstm_lctlonlphase
=The interview form was were discussed for +The nterview form was
administered to IS B L administered to the 6
students as preliminary e students who were given

the preliminary form.

Data Analysis

Data analysis included statistical calculations using the SPSS 22 package program for both the overall
scale and for its sub-dimensions. From parametric tests, independent samples t-test and related samples
t-test were used in data analysis. Content analysis method was used in the analysis of qualitative data.
The main purpose in content analysis is to determine the relevant concepts in order to explain the data
obtained and to establish connections between these concepts (Yildirnm & Simsek, 2016). Codes and
themes were created with open coding method during content analysis. Also, matrices and figures
showing the relations of these codes and themes were prepared.

Validity and Reliability

The Cronbach's alpha reliability coefficient value of the scale, used in the quantitative dimension of the
study with permission, was calculated as .84 by the researchers. In this study, the pilot study of the scale
was carried out with 54 8" grade students in three different secondary schools in Mersin. Cronbach alpha
reliability coefficient value was calculated as .88 for the pilot study. Cronbach alpha reliability
coefficient is desired to be above .70 on scales used in scientific studies as data collection tools
(DeVellis, 2003). The result obtained in the pilot study shows that the scale has a high reliability
coefficient. For this reason, it was decided to use the PBS in this study. In the main study, the Cronbach
alpha reliability coefficient of the scale, which was applied as a pre-test to 32 students, was calculated
as .78.
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Expert opinion was sought after the semi-structured interview form was prepared and necessary
adjustments were made based on the feedback received from the experts. The functionality of the
guestions was tested by piloting the interview form with 10 people. The interviews were recorded as
voice recordings with the permission of the volunteer students who were interviewed and their parents.
Multiple raters (three raters including the two researchers and one independent rater) participated in the
analysis of the interview transcripts within the scope of validity and reliability studies. The percentage
of compliance suggested by Miles and Huberman (1994) was found to be 85% in this study. However,
participant confirmation was utilized during the analysis of the transcripts to check the accuracy and
integrity of the findings. Participants also confirmed the transcripts. According to Guba and Lincoln
(1982), credibility and transferability are as important as validity and reliability in qualitative research.
In order to ensure credibility in this study, the researcher and the participants had long-term interaction.
Since the first researcher taught science to the study group, she was able to spend a lot of time to
understand the student views. Three raters were assigned to prevent possible bias in the qualitative data
analysis process. Another method for providing credibility is expert examination. At this stage, the
expert critically observed all the processes from the design of the research to the collection, analysis and
writing of the results and provided feedback. In order to ensure transferability in the research, attention
was paid to describe both the implementation phase and the reporting phase as clearly as possible. In
addition, to ensure validity and reliability and provide credibility and transferability, parts of student
responses provided in the interviews were presented in the findings section in quotations. Principle of
volunteering was taken into consideration during the implementation phase of the research. Ethical rules
were followed in the reporting phase in order to ensure confidentiality. In this context, participants’
names were not used and they were given codes such as P1, P2. Considering all these processes, it can
be argued that no problems are foreseen in the analysis of the data in terms of validity, reliability,
credibility, transferability and ethics. Approval for this research was obtained from Mersin University
Social and Human Sciences Ethics Committee (8/10/2020-37).

FINDINGS
Quantitative Findings

In the first research question, SPSS package program was used for descriptive statistics first to
investigate whether there was a significant difference based on gender between the mean scores obtained
from the PBS implemented pre and post instruction. Then, independent sample t-test was used to test
whether there was a significant difference and the results are presented in Table 1.

Table 1.
Pre-Instruction Pseudoscientific Belief Scale T-Test Results Based on Gender
N Means  SD t p
Female 14 2.72 .45 -1.84 .076
Male 18 3.04 .52

According to Table 1, male students’ pre-instruction PBS scores were higher than female students’
average scores. In other words, it can be argued that male students’ pseudoscience perceptions were
higher before teaching. To determine whether this difference was significant, independent samples t-
test was conducted to compare female and male students’ pre-instruction scores. According to the test
results, it can be said that there was no significant difference between the scores obtained from female
(M =272, SD = .45) and male (M = 3.04, SD = .52; t = -1.84, p >.05) students. The Eta square statistic
(.10) obtained shows a moderate effect size. Independent sample t-test was conducted to test whether
there was a significant gender-based difference in the scores obtained from the sub-dimensions of the
scale applied pre-instruction. Table 2 presents the results.
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Table 2.
Pre-Instruction Pseudoscientific Belief Scale Sub-Dimensions T-Test Results Based on Gender
Sub Dimension Gender N Means SD t p
Pseudo-physical Female 14 2.75 .55 -1.71 .098
Male 18 3.07 .53
Pseudo-predictive Female 14 243 .79 -.92 .363
Male 18 2.74 1.04
Pseudo-medical Female 14 3.07 AN -1.38 A77
Male 18 3.40 .63

Table 2 shows no significant difference between the scores obtained from female (M = 2.75, SD = .55)
and male (M =3.07, SD =.53; t (30) = -1.71, p >.05) students according to the results of pseudo-physical
sub-dimension. The Eta square statistics (.09) obtained shows a medium effect size. According to the
results of pseudo-predictive sub-dimension, no significant difference was found between the scores
obtained from female (M = 2.43, SD = .79) and male (M = 2.74, SD = 1.04; t (30) = -.92, p >.05)
students. The Eta square statistic (.03) obtained shows a small effect size. According to the pseudo-
medical sub-dimension results, there was not a significant difference between female (M = 3.07, SD =
.71) and male (M = 3.40, SD = .63; t (30) = -1.38, p >.05) scores. The Eta square statistic (.06) obtained
shows a medium effect size. After the statistical calculations for pre-instruction PBS, descriptive
statistical calculations were done for post-instruction PBS. Then, an independent sample t-test was
performed to determine whether the difference in question was statistically significant. The results are
presented in Table 3.

Table 3.
Post-Instruction Pseudoscience Belief Scale T-Test Results Based on Gender
N Means SD t p
Female 14 2.61 57 1.50 .145
Male 18 2.22 .78

Table 3 shows that post-instruction PBS scores of female students were higher than male students’
average scores. In other words, it can be argued that female students’ pseudo-scientific beliefs were
higher post-instruction. According to the scale results, there was no significant difference between the
scores obtained from female (M = 2.61, SD = .57) and male (M = 2.22, SD = .78; t (30) = 1.50, p >.05)
students. The Eta square statistics (.07) obtained shows a medium effect size. The results obtained from
all dimensions separately as a result of the argumentation process are presented in Table 4.

Table 4.
Post-Instruction Pseudoscientific Belief Scale Sub-Dimensions T-Test Results Based on Gender
Sub Dimension Gender N Means SD t p
Pseudo-physical Female 14 2.76 73 2.22 .034
Male 18 2.18 73

Pseudo-predictive Female 14 2.29 75 91 .369
Male 18 2.02 .83

Pseudo-medical Female 14 2.78 .68 A7 A77
Male 18 2.61 1.20

Table 4 points to a meaningful difference in favor of male students between the scores obtained from
female (M =2.76, SD = .73) and male (M = 2.18, SD =.73; t (30) = 2.22, p < .05) students based on the
pseudo-physical sub-dimension of the scale. The Eta square statistic (.14) obtained shows a large effect
size. It can be argued there was no significant difference between the scores obtained from female (M =
2.29, SD =.75) and male (M = 2.02, SD = .83; 1 (30) = .91, p >.05) based on the pseudo-predictive sub-
dimension results. The Eta square statistic (.03) obtained shows a small effect size. There was no
significant difference between the scores obtained from female (M = 2.78, SD = .68) and male (M =
2.61, SD =.68; 1 (30) = .47, p >.05) based on the pseudo-medical sub-dimension results. The Eta square
statistics (.007) obtained shows a small effect size.
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Related samples t-test was performed for both the overall scale and its sub-dimensions according to the
second research question in order to analyze whether there was a significant difference between pre and
post instruction mean scores. The results are presented in Table 5.

Table 5.
Pre and Post Instruction Pseudoscientific Belief Scale T-Test Results
Test N Means SD t p
Pre-instruction 32 2.90 51 3.43 .002
Post-instruction 32 2.38 12

Table 5 presents a statistically significant decrease in PBS scores between the pre-instruction (M = 2.90,
SD = .51) and post-instruction phases (M = 2.38, SD = .72), t (31) = 3.43, p < .05. The obtained Eta
square statistics (.28) shows a large effect size. Similarly, related samples t-test was performed to
compare pre and post-instruction mean scores for PBS sub-dimensions. The results are shown in Table
6.

Table 6.
Pre and Post Instruction Pseudoscientific Belief Scale Sub-Dimensions T-Test Results
Sub Dimension N Means SD t p
Pseudo-physical Pre-instruction 32 2.93 .56 3.12 .004
Post-instruction 32 2.41 .78
Pseudo-predictive Pre-instruction 32 2.60 .94 2.27 .031
Post-instruction 32 2.13 .80
Pseudo-medical Pre-instruction 32 3.26 .68 2.57 .015
Post-instruction 32 2.68 1.01

Table 6 points to a statistically significant decrease in favor of post-instruction between pre-instruction
(M =293, SD = .56) and post- instruction (M = 2.41, SD = .78) scores for the pseudo-physical sub-
dimension, t (31) = 3.12, p < .05. The Eta square statistics (.24) obtained indicates a large effect size. It
can be argued that there was a statistically significant decrease in favor of post-instruction between pre-
instruction (M = 2.60, SD = .94) and post- instruction (M = 2.13, SD = .80) scores for the pseudo-
predictive sub-dimension, t (31) = 2.27, p < .05. The Eta square statistic (.14) obtained shows a large
effect size. For the pseudo-medical sub-dimension, a statistically significant decrease was observed in
favor of post-instruction between pre-instruction (M = 3.26, SD = .68) and post-instruction (M = 2.68,
SD =1.01) scores, t (31) = 2.57, p < .05. The obtained Eta square statistics (.18) shows a large effect
size. Table 7 was created to compare the item averages of the scores obtained from the Pseudoscientific
Belief Scale implemented before and after the instruction.

Table 7.
Pseudoscientific Belief Scale Item Averages
Item No Pre-Instruction Post-Instruction Item No  Pre-Instruction Post-Instruction
1 3.16 2.19 11 291 2.25
2 3.03 2.56 12 2.34 1.88
3 3.16 2.25 13 2.16 2.13
4 2.47 2.66 14 3.19 2.38
5 3.03 2.19 15 2.34 1.88
6 3.53 3.00 16 2.94 2.28
7 2.72 2.81 17 3.78 2.84
8 2.47 2.13 18 3.16 2.56
9 2.81 1.94 19 3.22 2.88
10 2.34 2.13 20 3.00 244
21 3.13 2.69

When the average pre-instruction scores in Table 7 are examined, it can be stated that 11 items in the
scale were above 3 points, but there was only 1 item above 3 points post-instruction. Also, when the
mean PBS items were compared pre and post-instruction, it was found that there was an increase in the
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means of only the 4th and 7th items in favor of post-instruction. Table 8 examines the status of students'
mean scores to be above average (3 points) during pre and post-instruction.

Table 8.

Number of Students above Average Score in Pseudoscientific Belief Scale
Gender Pre-Instruction Post-Instruction
Female 4 3
Male 10 5
Total 14 8

Analysis of Table 8 is shows that four female and ten male students were above the average score based
on the pre-test score while three female and five male students were above the average score based on
the post-test score.

Qualitative Findings

The interviews conducted to determine 8" grade students’ opinions about the science/pseudoscience
distinction were transcribed and the content analysis method was used in the analysis of the data
obtained. Codes and themes were created for through content analysis. In addition, Figures were
prepared to display the relations of these codes and themes. The frequency of using the codes specified
in the figures is indicated in brackets. The first three questions were prepared in line with the scientific
knowledge main theme in the interviews conducted prior to instruction based on argumentation. Figure
2 was created according to student answers.

Figure 2.
Preliminary Interview Findings on Scientific Knowledge Main Theme

Proven (2)
Research (2) Theory (1)
E’P‘*'("z";‘*"“' Known to all (1)

Figure 2 demonstrates that students regard scientific knowledge as experiments, research and proven
knowledge. One of the participant's responses about what scientific knowledge means is as follows;

>

P3: “Proven, tested and conclusive knowledge.’
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The characteristics of scientific knowledge in Figure 2 shows that two students had no opinion and
scientific knowledge was regarded as the product of scientists, research and experimentation. When
students were asked about the ways of obtaining scientific information, their answers focused on
research and experiment as the most commonly used methods. Although there was no prominent code
in regards to distinguishing scientific knowledge from non-scientific knowledge; methods such as
experiments, research and observation were cited again. Figure 3 was created based on the student views
in the final interview form for the scientific knowledge main theme.

Figure 3.
Final Interview Findings on Scientific Knowledge Main Theme

Proven (4)
Research (5) Observation (3)
Expe‘:ﬂ“"m Trrebutable (1)

When Figure 3 was examined, it was observed that scientific knowledge generally meant research,
observation and proof for students. It was noted that the concept of observation was used in the final
interview although it was not included in the preliminary interview. Some of the responses in this regard
are presented below.

P4: “Proven knowledge. Knowledge obtained through research and observations.”
P6: “Knowledge obtained as the result of research and observations.”

Figure 3 demonstrates that students used the codes of “based on observation; demonstrability and
experimentation” more frequently. Research and observation were found to be at the forefront when
they talked about the ways to access scientific knowledge. Compared to the preliminary interview, there
was no difference in the answers on this subject. In addition, students mentioned the use of research,
evidence and rebuttal in distinguishing between scientific and non-scientific knowledge. Figure 4 was
created according to the answers provided by students to the questions in the preliminary interview form
in regards to pseudoscience.
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Figure 4.
Preliminary Interview Findings on Pseudoscience Main Theme

Mhnenns Extraterrestrial

e o e

- e
(R F

Figure 4 shows that half of the students had no idea about what pseudo-science was. Others described
pseudoscience as non-scientific knowledge. That it was not possible to make predictions according to
the movement of celestial bodies was mainly reported in the sub-dimension of astrology. Regarding the
sub-dimension of extraterrestrial beings, although the majority of the students stated that this has not
been proven, there were also students who believed that these beings may exist. One of the participant
responses is given below as an example.

P2: “...Ido believe it actually. Because there are other planets than our own. They could exist...”

The number of students who resorted to non-medical methods and the number of students who did not
use non-medical methods was found to be the same. While those who did not resort to non-medical
methods were found to trust experts, parental pressure was found to affect those who apply non-medical
methods.

Figure 5.
Final Interview Findings on Pseudoscience Main Theme

‘What does it
mean?

———

. Non-medical
methods
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The student responses regarding pseudoscience theme in the final interview form show that some
students seemed to have no idea about what pseudoscience meant (see Figure 5). In addition, the codes
such as unproven and unscientific were among the responses provided by the students. In addition, it
was found that students provided more examples about pseudoscience in the final interview compared
to their input in the preliminary interview. Their examples on pseudoscience mostly included astrology
and reflexology. While the students could not give any examples of pseudoscience in the preliminary
interview, they also cited examples other than astrology and reflexology, the subjects examined in this
research, in the final interview. In the sub-theme of astrology, it was found that some of the students did
not believe in astrology, while others regarded astrology as an unrealistic and pseudoscientific subject.
Excerpts from participants' views on this matter are presented below.

>

P1: “It's not scientific. It's pseudo-science...’

P6: “...For example, they say make a wish when they see a shooting star. We make the wish and it
doesn't come true. I used to believe in it but I don't anymore.”

In the sub-theme of extraterrestrials, some students stated that extraterrestrials may exist although the
majority of students mentioned that this sub-theme was unproven. Some parts from participant responses
are presented below.

P2: “There could be other living beings. There are other planets, but their existence hasn't been proven
yet.”

P6: “I don't believe they exist. We would have to make observations.”

In the sub-theme of applying non-medical methods, it was found that ratio of application and non-
application of these methods was equal. Among the reasons for not applying non-medical methods were
confidence in experts, the possibility of it being pseudoscience and the possibility of getting bad results.
Those who stated that they could use these methods reported parental pressure as the reason.

Figure 6.
Preliminary Interview Findings on Superstition Sub-Theme

‘ Superstition

The characteristics | Status of having
of supersititons superstition

Unrealistic (3) + Concocted (2) No (6)

Unscientific (1)

Figure 6 was created based on the answers given to the questions about the subject of superstition in the
preliminary interview form. Under the sub-theme of superstition, information about the characteristics
of superstitions was obtained along with information about whether students had superstitions. It was
found that not all interviewed students had superstitions. The participants defined superstitions as
unrealistic, fabricated and unscientific. Quotations from some participant responses are provided below.

P1: “Stuff that doesn't have anything to do with science. That doesn't reflect reality...”

’

P2: “Untrue. Made up by humans.’
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According to the answers given by the students in the last interview form, the status of having
superstitious beliefs and characteristics of superstition are represented in Figure 7.

Figure 7.
Final interview findings on superstition sub-theme

The characteristics Status of having
of supersititons superstition
Unrealistic (2) | Foresight (1) Yes (2) No (4)
Open to —1  Unconvincing
interpretation (1) @

S Emm

According to Figure 7, while most of the students stated that they did not have superstitions, two female
students said that they had superstitions about the ‘evil eye' and horoscopes. Considering the features of
superstition; codes were generated such as unscientific, unproven, experience and foresight. Examples
of participant responses are presented below.

P4: “... I don't believe in this kind of stuff. Some people believe them because some people have such
experiences but it doesn't work in every situation.”

’

P2: “Uncertain that it's true, like pseudoscience...’

Both quantitative and qualitative findings show that students improved in regards to the distinction
between science and pseudoscience when they were taught with the argumentation approach. It was a
desirable result to observe this improvement in students who received low scores and in students who
received high scores on the scale. Table 9 presents this improvement on the basis of qualitative findings.

Table 9.
Examples of Interview Showing the Improvement of Students Who Got Low or High Scores in Science -Pseudo-
Science Distinction

Interview Question Preliminary interview Final interview
Sections from  What do you think about P1l: “I would say it is P1: “It is not scientific. It is in
student predicting the future with the  impossible. I would say the realm of pseudoscience.”
interviews movements of celestial no.”
/low scale bodies?
scores What do you understand P3: “Knowledge that has  P3:... “Research, observation
from the term “scientific been proven, but mostly based on observation
knowledge”? experimented upon, because some things may not be
reached a conclusion.” obtained by doing experiments.”
Sections from  In your opinion, what are the  P4: “I don’t know.” P4:...“It has to be obtained as a
student characteristics of scientific result of research, observation
interviews knowledge? and experiment.”
/high scale In your opinion, what are the  P6: “It should be based P6:... “Scientific knowledge
scores characteristics of scientific on research.” may change. Scientific
knowledge? knowledge is based on

experimentation and
observation. It is shaped
according to research.”
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Based on the examination of student views in Table 9, it can be argued that students who received low
or high scores from the scale improved in regards to the distinction between science-pseudoscience in
the quantitative dimension of the study. When the obtained results were evaluated in general, it was
found that both common and different findings emerged from the quantitative and qualitative
dimensions of the study. When the quantitative findings of the research were analyzed, it was observed
that post-instruction mean scores were lower than the pre-instruction mean scores for both the overall
scale and for all sub-dimensions. In addition, it was found that the average of 11 items in the scale
implemented pre-instruction were over 3 points, while only 1 item in the scale was over 3 points post-
instruction. These results may be indicative of an improvement in distinguishing between science and
pseudoscience. Similarly, qualitative findings demonstrate that student ideas about both scientific
knowledge and pseudoscience were found to change and develop. Therefore, it can be concluded that
guantitative and qualitative findings in this study supported each other. However, while quantitative
findings in themselves showed that the results supported the development of science-pseudoscience
distinction, an unexpected situation emerged in the superstition sub-dimension of qualitative findings.
While the 6 students interviewed were found to have no superstitions in the preliminary interviews, 2
female students reported having superstitions during the last interview. In addition, it was found that
these students had low pre-test scores o and their pseudoscientific beliefs were below average. At this
point, it can be argued that there were no parallels between the quantitative and qualitative findings of
the study. The emergence of superstitions in the last interviews may also suggest that awareness was
created for these students with the information obtained during the instruction process. In addition, the
adequacy of the instruction provided by the argumentation method can be a topic of discussion as well.

DISCUSSION AND CONCLUSION

This study aimed to determine eighth grade students’ opinions about the science-pseudoscience
distinction and to develop these views with the argumentation method. In this context, the following
conclusions were drawn.

Based on the analyzes undertaken for the first dimension of the study, no significant difference was
found in the pseudoscientific beliefs based on gender in terms of the scores obtained from the
pseudoscientific belief scale before and after the implementation. Some other studies in the literature
also reported that pseudoscientific beliefs are not gender dependent (Berkant & Ermeydan, 2017; Giil,
2016; Lundstrém, 2007; Sahin & Ugar, 2018). It can be argued that studies relevant to the present
research show consistent results. However, it may not be correct to conclude that the pseudoscientific
beliefs are completely independent of the gender factor. As a matter of fact, a difference was observed
in the post-test results based on the gender factor for the pseudo-physical sub-dimension (see Table 4).
Also, literature has some findings that pseudoscientific beliefs depend on the gender factor (Losh &
Nzekwe, 2011; Williams et al., 2007). For example, Losh and Nzekwe’s (2011) study concluded that
women believe in astrology more. The finding that two female students had pseudoscientific beliefs in
the superstition sub-theme in the qualitative findings of the study is consistent with both quantitative
findings and international literature. It is believed that lifestyle, social environment, education and social
media can be effective in this result. Analysis of the scale scores after the argumentation-based
instruction shows that the average scores of male students were lower, although not statistically
significant. This situation may partly indicate that pseudoscientific beliefs are lower in male students.

In a parallel manner, the results of the studies conducted by Williams et al. (2007) with high school
students, by Giil (2016, p. 183) with teacher candidates and by Berkant and Ermeydan (2017) with
students, showed that males were more successful than girls in distinguishing science from pseudo-
science. The results obtained in this study is believed to originate from differences in interests, genders
and the context (astrology, reflexology, ufology, etc.) as well as the type of information that the students
were exposed.
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The analyses undertaken for the second dimension of the study showed a significant difference between
the scores of pseudoscience belief scale implemented pre and post instruction. This finding is consistent
for all sub-dimensions. According to the data obtained from the qualitative dimension, it can be argued
that there was an increase in student opinions and information regarding the characteristics of scientific
knowledge in the last interviews compared to pre-interviews. It is also concluded that there was a change
and development in distinguishing between scientific and non-scientific knowledge. Similarly, while
students’ pseudoscience perceptions were very superficial in the preliminary interview, they were able
to provide more ideas and examples about the pseudoscience - in the last interview. In other words, it
can be concluded that the argumentation method applied in this study positively affected the process.
When student perceptions about science-pseudoscience distinction at the beginning of studies conducted
by Turgut et al. (2016), were examined, it was concluded that the participants had superficial information
on scientific knowledge. In addition, researchers also stated that students have poor reasoning skills in
distinguishing between science and pseudoscience. Taking these results in the literature into
consideration, it can be argued that the findings of the present study are in line with the conclusions of
relevant studies. When the findings of the study are evaluated within this study, it can be argued that
guantitative and qualitative data supported each other. For example, based on both the pre-instruction
scale results and findings obtained from pre-interviews, it was concluded that students' knowledge about
pseudoscience was quite superficial and they were unable to make a distinction between science and
pseudoscience. However, it is possible to talk about a positive change in general in both the results of
the scale and post-instruction interview findings. The significant difference found between the scores
obtained from the pseudoscience belief scale applied before and after the instruction can be considered
as the effect of the four-week argumentation-oriented process. The inquiries made by the students in
this scientific discussion environment may have contributed to the change that occurred in this process.
In addition, it can be stated that students’ efforts to present scientific bases while defending their views
were effective in distinguishing the non-scientific parts in the texts used in this study. The positive
change in the scale results may indicate that the criteria obtained in the argumentation process are also
used in assessing different types of information.

These results are in line with the argumentation-oriented pseudoscience study conducted by Arik (2016).
In addition, Cetinkaya et al. (2015) carried out a teaching process in order to develop the pseudoscience-
science distinction with the eighth grade students by using classroom discussions. Positive results were
obtained in this study. The finding that the participants increased their knowledge about the distinction
between science- pseudoscience through argumentation approach was supported by the studies
conducted by Cekbas (2017) with science teacher candidates and Es and Turgut (2018) with classroom
teacher candidates.

In addition, examination of the item averages of the scale used in the study showed that 11 items in
total were above average, that is, the pseudoscience perception was high. It was concluded that these
items mostly belonged to the pseudo-physical and pseudo-medical sub-dimensions of the scale. The fact
that only one item was found to be above average when the item averages of the scale were analyzed
for post-instruction phase may be another indication that the process was successful. When the results
in the pseudoscience belief scale were examined on the basis of individuals, it was found that 14 out of
32 students remained above the average scale score compared to pre-instruction results. In other words,
it can be argued that these students had high pseudoscientific beliefs. The qualitative dimension of the
study was found to support the quantitative results. It was observed in the preliminary interview that
half of the students had no idea about pseudoscience and approximately a quarter of the students believed
in the sub-dimensions of pseudoscience. In addition, it was observed that the students did not provide
satisfactory answers in the preliminary interviews about the science-pseudoscience distinction. In
addition, studies conducted by Turgut (2009), Ayvaci and Bag (2016), Sahin and Ugar (2018) concluded
that the participants were incompetent in distinguishing between science and pseudoscience. The fact
that the number of students who remained above the average scale score decreased from 14 to 8
according to the results of the pseudoscience belief scale post-instruction may indicate that the process
was effective. In their study conducted with 8th grade secondary school students on the iridology case,
Cetinkaya et al. (2015) also stated that positive results could be obtained and students could develop the
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ability to distinguish between science and pseudoscience when the appropriate teaching environment
was created. Considering the fact that students in this study also demonstrated improvement, it can be
argued that similar results were obtained here as well. Having the same age group as participants in both
studies may be effective in obtaining similar results.

The third dimension of the research, the preliminary opinions of students on scientific knowledge,
showed that the students regarded scientific information as the experimental and proven information
obtained as a result of the research in general. The fact that both university and secondary school students
defined scientific knowledge as “proven, includes experiment-observation and proposed by experts”
supports the results achieved in this study (Saka & Siirmeli, 2017; Tatar et al., 2011; Turgut et al., 2016).
In addition, the fact that students regarded pseudoscience as unproven information during the qualitative
aspect of the study revealed the viewpoint that science should be proven. Tatar et al. (2011) found that
teacher candidates emphasized the concepts of proof while distinguishing scientific and non-scientific
information. During the preliminary and final interviews, when students voiced their opinions on
scientific knowledge and what science meant, it was observed that students talked less about
experimentality and mentioned the concept of observation more. In this context, focusing more on
observation in science can be considered as an acquisition. Similarly, teacher views on the necessity of
experiments in science were found to change at the end of the implementation process conducted with
teacher candidates (Aglarci & Kabapinar, 2016). This result is thought to support the study findings.
According to the results of the preliminary and final interviews with the students, it was observed that
there was no change in terms of how information was accessed. It is thought that more emphasis should
be placed on this part during the teaching process.

The fourth dimension of the research examined student opinions on pseudoscience. It is believed that it
would be more appropriate to compare students’ pre and post argumentation-based views. It can be
argued that science-pseudoscience distinction in students and their scientific perceptions develop in
some categories (features of pseudoscience, superstition, etc.) in the process. However, while two
students stated that they had no superstitious beliefs before the implementation, the same students
expressed the existence of superstitious beliefs in the interview after the implementation. At this point,
the absence of superstitious beliefs in the pre-interviews should not be considered as a good result
because those students were not aware of superstitious beliefs before teaching and regarded related
information as scientific. In other words, since students were not aware of the problematic situation,
they were unable to express their ideas and superstition may have appeared to be absent in the
preliminary interviews. In the last interviews, those two students stated that although the evil eye and
horoscopes were superstitious, they were still interested in these issues. At this point, it can be argued
that the teaching performed could not completely eliminate the pseudoscience perception or it was
simply inadequate. Another interesting finding emerged in the axis of this result. When the data obtained
from the data collection tools were examined in a comparative manner, it was found that one of the two
female students with a low score of the pseudoscience belief scale stated before instruction that she
believed in the zodiac and the other one stated she believed in the 'evil eye'. It is noteworthy that another
female student with a high pseudoscience belief scale score during the pre-instruction phase did not have
any superstitions. In addition, it was observed that students who scored low on the pseudoscience belief
scale had beliefs in the pseudoscience sub-dimensions such as astrology, extraterrestrial beings and non-
medical methods. It can be concluded that high or low scores from the pseudoscience belief scale is not
a determining factor in the beliefs related to pseudoscience sub-dimensions. There are also results in the
literature supporting this research (Afonso & Gilbert, 2010; Kallery, 2001; Lundstrém, 2007). In these
studies, the pseudoscientific tendencies of teacher candidates were thought to be independent from
variables such as education level and having received science education. Again, the literature suggests
that teacher candidates' pseudoscientific beliefs such as talismans, horoscopes and dream interpretation,
despite their rather high knowledge level about the distinction between science and pseudoscience,
supports the results obtained in this study (Sahin & Ugar, 2018; Senler & Irven, 2016). In the study
conducted by Sugarman et al. (2011), scientific knowledge and scientific attitudes of 120000 university
students were investigated. The study determined that a strong relationship did not exist between science
literacy and understanding that astrology is pseudoscience. The data obtained as a result of this study
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were shaped based on the scale, teaching method and the pseudoscientific texts chosen during the
teaching process. It is thought that using different scales, methods and pseudoscientific texts can change
the results obtained here.

Recommendations

The existence of substantial pseudoscientific beliefs in students should be seen as an issue that needs
attention in the education system and solutions should be sought. In this context, it may be suggested to
include some chapters in the science curriculum where the distinction between science and
pseudoscience can be addressed with comparative examples through interesting contexts. Further
research can be done in the future by conducting this study with study groups from different regional
and classroom levels. In addition, researchers who want to work on this subject are advised to design
other themes and contexts by changing the texts used in the implementation process in this study. A
partial improvement in the students' views on scientific knowledge in the context of distinguishing
science from pseudoscience was observed in a four-week practice in the framework of this study. It may
be possible to achieve a higher level of development in scientific knowledge with lengthier or different
teaching methods.
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APPENDICES
Appendix A: Interview Form

1. What do you understand when you hear the term “scientific knowledge”?
2. Inyour opinion, what are the characteristics of scientific knowledge?

3. How can we distinguish between scientific and non-scientific knowledge? How can we access
scientific knowledge?

4. What do you understand when you hear the term “pseudo-science”? Can you give an example?

o

What do you understand when you hear the term “superstition”? In your opinion, what can be
the characteristics of superstitions?

Do you have superstitions? If your answer is yes, please cite them.
What do you think about predicting the future based on the movements of the celestial bodies?

Do you resort to non-medical methods when you get sick? Why?

© o N o

What are your views on the existence of extraterrestrial beings?
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Appendix B: Pseudoscience texts
1- Astronomy-Astrology
Example for Astrology: A Bonus to Those Who Keep Their Energy High

The Solar Eclipse, which will take place on the morning of April 29 at 9.14 in Taurus at 8 degrees,
provides bonuses to those who keep their energy high. This eclipse, which will be effective until the
solar eclipse on 23 October 2014, will mostly affect the earth groups followed by the water groups. In
addition, people whose rising sings are earth or water, or those whose earth or water nature is high on
the planet map will also have very positive effects. Since the characteristic of Taurus is productivity,
land, property, property, money and luck, almost every member of this zodiac sign will encounter
beautiful surprises related to these issues. Some will be buying houses, some will have a lot of money,
or long-term and fruitful relationships will begin. Many will have long-lasting and solid jobs and
marriages. It seems that the foundations of marriages or business initiatives that take place after the
eclipse will be solid (https://www.internethaber.com/gokyuzu-yarin-sabah-bonus-dagitacaknbsp-
665692h.htm)

Example for Astronomy: Solar Eclipse

It is the natural phenomenon observed when the Moon enters between the Earth and the Sun during its
orbital movement and therefore partially or completely covers the Sun. In order for the eclipse to occur,
the Moon must be in the lunar phase, and in conjunction with the Sun in comparison to Earth, that is,
the orbital plane must coincide with the orbital plane of the Earth around the Sun. Although the Moon
rotates about 12 times around the Earth within a year, the Moon does not pass directly in front of the
Sun each time, as a result of an angle of about 5 degrees between the orbital plane of the Earth and the
orbital plane of the Moon, and this overlap occurs infrequently. Therefore, between two and five solar
eclipses are observed annually. Two of them can be full eclipse. Eclipse follows a narrow corridor on
Earth. Therefore, solar eclipse is a very rare event for any region.

2- Reflexology

Figure B1.
Hand Reflexology - Certain Points

In the simplest form, reflexology argues that diseases can be treated by applying massage or different
techniques to some points on the hands and feet. Reflexology maintains that stimulating nerve points
with certain techniques produces electrochemical messages that stimulate the relevant organs with the
help of neurons. Foot and hand reflexology is the stimulation of nerves and blood circulation in the body
by manually stimulating certain points (See Figure B1). The most common application is foot
reflexology. In the past, Inca and Chinese civilizations used this method for all neurological diseases,
including migraine, cervical disc hernia and slipped discs, thyroid and stomach disorders. In addition,
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reflexology therapy is known to relieve the individual from daily stress and anxiety. There are five basic
pressure-point techniques for the massage of reflex zones: thumb-walking, finger walking, pivoting,
sliding and pinching. These are applied to both hands and feet in the same way. The important thing is
how to apply this technique to whom. The physical build, age and current health status of the person are
taken into consideration. For example, while pressure points are applied more strongly to a strong person
during massages, weaker persons, elderly and children are massaged by using the pressure points more
mildly. Treatment consists of applying pressure with the edge of the thumb or another finger and rotating
it clockwise. This pressure is usually quite deep, but it doesn't have to be painful. Each session lasts
from 10 minutes to 30 minutes, and several sessions may be needed
(https://www.refleksoloji.org/refleksoloji-nedir/).
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Appendix C: Sample teaching plan

Sample teaching plan is shown in Table C1 and Table C2.

Table C1.

Sample Teaching Plan Part |

Name of the Lesson: Science Applications

Grade: 8
Subject: Reflexology
Duration: 40+40 minutes
Teaching methods and Teaching by presentation, teaching by discovery, Q&A and argumentation
techniques: method
Table C2.

Sample Teaching Plan Part Il

Engage

The teacher (one of the researchers) enters the classroom and greets the students and asks
about their day. Then ask the following question to get students’ attention: “Who do we
consult and where do we go when we are sick or fell ill? Which methods and techniques
do we prefer to overcome such negative situations?” After eliciting responses, the teacher
continues: “In this lesson we will learn about a method that people use to get rid of their
illnesses or ailments, a method that perhaps some of you are familiar with.”

Explore

The questions asked by the teacher in the introduction are answered by the students in
this part. The teacher only guides the students without evaluating their answers. The
teacher tries to reveal the students' prior knowledge on this subject by asking new
questions based on students’ responses. At this stage, the teacher ensures that majority
of the class is active.

Explain

After hearing students’ responses, the teacher adds the following: “the method we will
learn today is called reflexology” and presents the relevant text on the subject on the
smart board. If students have questions about the text, they are answered by the teacher.

Eloborate

At this stage, groups are formed from students sitting near each other. An argumentation
form is distributed to each group. Students are requested to fill this form by examining
the reflexology text and engaging in group discussions. It is ensured that the scientific or
non-scientific information in the text is identified first and the form is filled in by
expressing the reasons for this distinction. The entire class is included in the
argumentation process. The teacher walks around the groups so that students do not
deviate from the purpose of the group discussions and support can be provided to
eliminate the difficulties encountered in filling out the forms. At this stage of the lesson,
the teacher acts as a guide and administrator. After the forms are filled with in-group
discussions, classroom discussions begin. Groups present the scientific or non-scientific
information they have identified in the text with their justifications. The teacher starts a
classroom discussion in line with the student responses. In this process, students are
encouraged to use the arguments they write on the forms while justifying their thoughts.

Evaluate

In this part, the scientific or non-scientific information in the reflexology text, identified
by the groups and revised and shaped based on the discussions, is written on the board
with their justifications. At this stage, the teacher and students participate in the
evaluation process. Students express their opinions in regards to incoming questions and
objections. If there are errors in the classification, the teacher makes the necessary
explanations and ends the lesson by correcting the mistakes. The teacher thanks the
students for their participation.
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TURKCE GENISLETILMIiS OZET

Bilimin iizerinde uzlasilmis net bir tanim bulunmamaktadir. Yapilan bir¢ok tanimlamaya ragmen halen
hangi aciklamalarin bilimsel olarak kabul edilmesi gerektigi ile ilgili net bir sonug¢ ortaya
cikarilamamistir (Lambert & Brittan, 2011). Bu nedenle bilimsel olan ve bilimsel olmayan bilginin
ayriminda da zorlanilmaktadir. Bir diisiince veya arastirmaya bilimselmis gibi yaklagilmasi insanlarin
dikkatini o konuya ¢ekmekte ve deger vermesine yol agabilmektedir. Bilimin ¢ok deger gérmesi bilim
ad1 altinda s6zde-bilimsel alanlar1 ya da inaniglar1 da ortaya ¢ikarmistir. Bu baglamda sozde-bilim,
bilimsel gibi gorlinen belirli bir mantiga gore diizenlenmis Snermeler, uygulamalar ve tutumlarin
tamamu olarak tamimlanabilir (Martin, 1994). Ote yandan bilimsel normlara sahipmis izlenimi veren
sozde-bilim, bilimin siire¢ ve terminolojisini kopya eden, yeni bilimsel bilgiler kapsaminda
yenilenemeyen ve bilimsel arastirmalara katkida bulunamayan dayanaksiz diisiinceler biitiinii olarak
goriilmektedir (Tutar, 2014, s. 278). Giiniimiizde astroloji, numeroloji, grafoloji, refleksoloji, UFO,
sifali taglar, homeopati, reenkarnasyon, parapsikoloji gibi konular sézde-bilimsel inanglara 6rnek
olmakla beraber bu konular popiiler medya iizerinden servis edilen ve genis kitleleri etkileyebilen
konulardir (Liu, 2009). Bununla birlikte baz1 arastirmalarda da son yillarda 6grencilerin sahip oldugu
sozde-bilimsel inanislarda artis yasandigi dile getirilmektedir (Shein vd., 2014; Tseng vd., 2014). Genel
olarak bilim okuryazarligi ile ayn1 kavram oldugu diisiiniilen fen okuryazarligi toplumlara bilimsel bakis
acis1 kazandirma agisindan énemli bir faktdr oldugu goriilmektedir. Fen okuryazar olabilen bireylerin
kisisel ve toplumsal meselelerde karar verirken sorgulayici bir bakis agisiyla yeni agiklamalar iizerinde
diisiinebilmesi beklenmektedir. S6z konusu biligsel yetkinli§in ve muhakemelerin olabilmesi i¢in
oncelikle argiimantasyon silirecinin yasanmasi gerekmektedir. Bu gerekgelerle, arastirmada,
ogrencilerde bilim ve s6zde-bilim ayrimi farkindaligini gelistirmek i¢in argiimantasyona dayali 6grenme
etkinliklerine yer verilmesi uygun gorilmiistiir.

Bu arastirmada sekizinci simif diizeyinde 0grenim goren Ogrenciler ile karma aragtirma yontemi
kullanilarak sozde-bilimsel inamiglarin derinlemesine incelenmesi ve bilim soézde-bilim ayriminin
arglimantasyon aracilig1 ile gelistirilmesi amaglanmaktadir.

Bu c¢alismada karma arastirma yontemlerinden yakinsayan paralel desen kullanilmigtir. Bu ¢alismanin
nicel boyutunda Mersin ili Akdeniz ilgesinde yer alan bir ortaokuldaki 8. sinif diizeyinde 6grenim géren
32 ogrenci yer almaktadir. Kolay ulasilabilir 6rnekleme yontemiyle segilen c¢alisma grubu, birinci
arastirmacinin gorev yaptigi okulda ve bilim uygulamalari dersine girdigi siniftan olugsmaktadir. Caligma
grubunda 18 erkek ve 14 kiz 6grenci yer almaktadir.

Calismanin nicel boyutunda Cetinkaya ve Tasar (2018) tarafindan gelistirilen ve arastirma kapsaminda
izin alman Sozde-Bilim Inamis Olgegi (SIO) kullanilmustir. SIO, calismada argiimantasyona dayali
Ogretim siirecinin Oncesinde ve sonrasinda olmak iizere iki defa kullanilmigtir. Caligmanin nitel
boyutunda veri toplama araci olarak 9 sorudan olusan yar1 yapilandirilmis gériisme formu kullanilmustir.
Veri analizinde nicel boyutta hem uygulanan 6lgegin geneli hem de alt boyutlar: igin SPSS paket
programi kullanilarak istatistiksel hesaplamalar yapilmistir. Nitel verilerin analizinde icerik analizi
yontemine bagvurulmustur. Ayrica bu kod ve temalarin iligkilerini gdsteren matris ve sekiller
hazirlanmgtir.

Uygulama oncesinde nicel ve nitel veri toplama araci ile veriler toplanmigtir. Ardindan haftada 2 ders
saati olmak tizere 4 hafta boyunca sozde-bilim ile ilgili siif diizeyine uygun 4 konu (sifal1 taslar,
refleksoloji, astroloji ve ufoloji) argiimantasyon yontemi kullanilarak ele alinmistir. Her hafta bir konu
siif ortaminda arglimantasyon yontemi ile tartisilmistir. Argiimantasyon yontemi dogrultusunda her
tartigmadan once gruplara ayrilan 6grencilere argiimantasyon formu dagitilmis ve sdzde-bilim ile ilgili
metinler okunduktan sonra formun doldurulmasi istenmistir. Ogrencilerden formlarda, metinlerde yer
alan bilimsel olan ve bilimsel olmayan bilgilerin belirlenmesi ve gerekgeleriyle tartigilarak yazilmasi
istenmistir. Formlara verilen cevaplari paylasilmasi istenmistir. Bu dogrultuda tiim sinifin katilimiyla
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bir argiimantasyon siireci yiiriitiilmiistiir. Tiim konular ele alindiktan sonra SIO ve gériisme formu siireg
sonunda ayn1 6grencilere tekrar uygulanmustir.

Gegerlik ve giivenirlik kapsaminda énemli noktalara dikkat edilmistir. Oncelikle dlgegin islevselligini
test etmek adina asil uygulama yapilmadan 6nce bagka bir okulda 6grenim goéren 54 6grenci pilot
uygulamaya dahil edilmistir. Pilot uygulama sonucunda Cronbach alfa giivenirlik katsayis1 degeri .88
olarak hesaplanmustir. Ardindan asil uygulamada SIO 32 &grenciye uygulandiginda lgegin Cronbach
alfa giivenirlik katsayisi degeri .78 olarak hesaplanmistir. Calismanin nitel kisminda gegerlik, giivenirlik
caligmalart kapsaminda yar1 yapilandirilmig goriisme formu hazirlandiktan sonra uzman goriisiine
sunulmustur ve doniitler 1s181nda gerekli diizenlemeler yapilmistir. Gorlisme formunun pilot uygulamasi
10 kisi ile yapilarak sorularin islevselligi test edilmistir. Ayrica goriisme transkriptlerinin analiz
calismasina 3 puanlayici (2 arastirmact, 1 bagimsiz puanlayici) katilmistir. Miles ve Huberman (1994,
s. 64) tarafindan Onerilen uyum yiizdesi bu aragtirmada %85 diizeyinde bulunmustur. Bununla birlikte
transkriptlerin analizi sirasinda bulgularin dogrulugunu ve biitiinliigiinii kontrol ettirmek amaciyla
katilimer teyidine basvurulmustur. Ayrica arastirmanin hem gecerlik ve giivenirlige kanit olmasi
acisindan hem de inandiriciligr ve aktarilabilirligi saglamasi agisindan katilimeilarin gériismelerde
verdigi cevaplarin bazi boliimleri alintilar halinde bulgular kisminda sunulmustur.

Caligmanin ilk boyutuna yonelik yapilan analizlerde uygulama 6ncesi ve sonrasi sozde-bilimsel inanig
Olceginden alinan puanlar agisindan sozde-bilimsel inaniglarda cinsiyet faktoriine gore anlamli bir
farklilik bulunamamistir. S6zde-bilimsel inanislarin cinsiyete bagli olmadigi alanyazindaki bazi
calismalarda goriilmektedir (Berkant & Ermeydan, 2017; Giil, 2016; Lundstrom, 2007, Sahin & Ugar,
2018).

Aragtirmanin ikinci boyutuna yonelik yapilan analizler sonucunda s6zde-bilim inanis olgeginden
Ogrencilerin 6gretim Oncesi ve sonrast Olcek puanlari arasinda anlamli bir farkliligin oldugu
goriilmektedir. Bu durumun tiim alt boyutlar i¢in de gegerli oldugu sdylenebilir. Nitel boyuttan elde
edilen verilere gore de bilimsel bilginin 6zelliklerine ait diisiince ve bilgilerde son goriismelerde 6n
goriismelere gore artig gozlemlendigi sOylenebilir. Bununla birlikte bilimsel olan ve bilimsel olmayan
bilginin ayrimi noktasinda da bir degisim ve gelisim oldugu sonucuna da varilmaktadir. Benzer sekilde
ogrencilerin s6zde-bilim algilar 6n goriismede ¢ok yiizeysel iken son goriismede sdzde-bilim ile ilgili
daha fazla fikir beyan edip 6rnekler verdigi goriilmektedir. Diger bir ifadeyle uygulanan argiimantasyon
yonteminin siireci olumlu yonde etkiledigi sonucuna ulasilabilir.

Aragtirmanin iiclincii boyutu olan Ogrencilerin bilimsel bilgiye ait 6n goriisleri incelendiginde
ogrencilerin bilimsel bilgiyi genel olarak aragtirma sonucu elde edilmis, deneysel ve kanitlanmis bilgi
olarak gordiigii soylenebilir. Gerek tiniversite gerekse ortaokul 6grencilerinin bilimsel bilgiyi, daha ¢ok
kanitlanma, deney-gdzlem icerme ve uzman kisgilerce ortaya atilma seklinde tanimlamasi ulasilan
sonucu destekler niteliktedir (Es & Turgut, 2018; Saka & Siirmeli, 2017; Tatar vd., 2011; Turgut, 2009;
Turgut vd., 2016). Ayrica ¢alismanin nitel boyutunda dgrencilerin s6zde-bilimi kanitlanmamis bilgiler
olarak gormesi de bilimin kanitlanabilir olmas1 gerektigi goriisiinii ortaya ¢ikarmaktadir.

Aragtirmanin  dordiinci  boyutu olan Ogrencilerin sdzde-bilime dair goriisleri incelendiginde
arglimantasyona dayali 6gretim oncesi ve sonrast gorlislerin 6grencilerin bilim sézde-bilim ayrimi ve
bilimsellik algilarmin siire¢ icerisinde bazi kategorilerde (sdzde-bilimin &zellikleri, batil inang vb.)
gelistigi sOylenebilir. Ancak son goriigmelerde iki 6grenci nazar ve burglar batil inang olsa da bu konular
ile hala ilgilendigini belirtmistir. Bu noktada yapilan 6gretimin tam anlamiyla sézde-bilim algisini
bertaraf edemedigi sdylenebilir. Bu sebeple daha uzun siireli ya da daha farkli 6gretim metotlarinin
kullanilmasi ve etkililiginin test edilmesi tavsiye edilebilir.
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