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Ozet — Bu aragtirmanin amaci, fen bilimleri dgretmen adaylarmin sosyobilimsel argiimantasyon kalitelerinin
tartisilan konu baglamina gore degisimini incelemektir. Arastirmaya, ligiincii sinifta 6grenim goren 27 fen bilimleri
ogretmen adayr katilmistir. Aragtirmaya katilan fen bilimleri 6gretmen adaylar igerisinden, 11 hafta siiren
uygulama siirecinin basinda bilimin dogasi anlayiglarina gore segilen 12 katilimci, dorder kisilik ti¢ gruba
ayrilmislardir. Gruplarda yer alan 6gretmen adaylari, sosyobilimsel arglimantasyon siirecinde ‘elektrikli otomobil
iretimi’, ‘cep telefonlari insan hayatini tehdit ediyor’ ve ‘altin piring’ isimli senaryolar araciligiyla argiimanlar
olusturmuslardir. Gruplarin bu senaryolar dogrultusunda yaptiklar argiimantasyonlarin nitel analizi metodolojik
bir ara¢ yardimiyla ¢dziimlenirken, konu baglaminin sosyobilimsel argiimantasyon kalitesi iizerindeki etkisinin
istatistiksel anlamliligini belirlemek igin ise SPSS 20 paket programinda bulunan Kruskal Wallis-H testi
kullanilmstir. Nitel ve nicel veri analizlerinden elde edilen bulgular, en kaliteli argiimantasyonlarimn ‘altin piring’
isimli senaryo baglaminda yapildigini gostermistir. En diisiik argiimantasyon kalitesinin tespit edildigi senaryo
baglamu ise ‘cep telefonlart insan hayatini tehdit ediyor’ adli senaryodur. Bu arastirmada ulasilan sonuglar, ilgili

literatiir dogrultusunda tartisilmistir.
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Giris

Cagdas fen egitiminin en temel amaglarindan biri 6grencilerin sosyobilimsel konular hakkinda
nitelikli birer karar verici ve bilim okuryazari olmalarini saglamaktir (Dawson & Venville,
2010). Bu baglamda, 6grencilerin bilimsel ve sosyobilimsel aktivitelere katilarak epistemik ve
kavramsal anlayiglariin gelistirilmesini saglayan bir ara¢ olarak arglimantasyonun fen
egitimine dahil edilmesi; ¢agdas fen egitimi programlari i¢in 6zel bir ilgi alanina doniigmiistiir.
S6z konusu programlar (AAAS, 2001; NRC, 2013; MEB, 2013); fen egitiminin 6grencilerin
bilimin dogasini, bilim insanlarinin bilgiye nasil ulagtiklarini ve bilimsel metotlar1 anlamalarina
yardim etme sorumluluguna sahip olmalar1 gerektigini vurgulamaktadirlar. Bu hedefi bagarmak
icin ise Ozellikle 6gretmenlere biiyiik roller dismektedir. Sosyobilimsel konularin fen egitimine
dahil edilmesi ve 6grenci katilimi baglaminda uzun siireden beri bir¢ok arastirma yapilmis ve
halen de yapilmaya devam edilmektedir (Orn; Kara, 2012; Herman, 2015). Bu arastirmalarda
sosyobilimsel arglimantasyon kalitesi veya akil yiiritmelerin niteligi; kisisel deneyimler (Albe,
2008), bilimin dogas1 anlayislarvkavramsallastirmalar1 (Herman, 2015), kiiltiirel bakis agilar
(Sadler & Donnelly, 2006), alan bilgisi (Sadler & Fowler, 2006) ve epistemolojik anlayiglar
(Liu, Lin, & Tsai, 2011) gibi bir¢ok faktoér acisindan incelenmistir. Fakat konu baglaminin
sosyobilimsel argiimantasyon kalitesi tizerindeki olasi etkisini incelemeye yonelik sinirli sayida
calisma vardir (6rn; Molinatti, Girault, & Hammond, 2010; Topcu, Sadler, & Yilmaz-Tiiziin,
2010). Bununla birlikte arastirma bulgular1 arasinda tutarlilik bulunmamaktadir (e.g. Albe,
2008; Dawson & Venville, 2010). Bu rasyoneller dogrultusunda bu aragtirmanin amaci, fen
bilimleri 6gretmen adaylarinin sosyobilimsel arglimantasyon kalitelerinin tartisilan konu

baglamina gore degisimini incelemektir.
Metodoloji

Bu arastirma, nitel ve nicel arastirma desenlerini birlikte barindiran karma yontem (mixed type)
tiriinden bir arastirmadir. Bu ¢alismada ise katilimcilara ilk asama olarak Arglimantasyon
Acisindan Bilimin Dogas1 (AABD) Testi uygulanarak nicel veri, sonrasinda ikinci agama olarak
ise sosyobilimsel argiimantasyon siireci ile nitel veri toplanmistir. Arastirma, bir devlet
iiniversitesinin fen bilgisi egitimi anabilim dalinda 6grenim goren 27 (23 kiz, 4 erkek), iiglincii
smif fen bilimleri 6gretmen adayinin i¢inden bilimin dogas1 anlayislarina gore secilen 12 fen
bilimleri 6gretmen aday1 ile gerceklestirilmistir. Arastirmaya katilan Ogretmen adaylari,

sosyobilimsel argiimantasyon siirecinde “elektrikli otomobil iiretimi”, “cep telefonlar1 insan

hayatim1 tehdit ediyor” ve “altin piring” isimli senaryolar araciligiyla argiimanlar
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olusturmuslardir. Katilimcilarin bu senaryolar dogrultusunda yaptiklar1 argiimantasyonlar
Erduran, Simon, & Osborne (2004) tarafindan gelistirilen metodolojik bir ara¢ yardimiyla nitel
olarak analiz edilmistir. Buna ek olarak konu baglaminin sosyobilimsel argiimantasyon kalitesi
tizerindeki etkisinin istatistiksel anlamliligini belirlemek i¢in SPSS 20 paket programinda

bulunan Kruskal Wallis-H testi kullanilmistir.
Sonug ve Tartisma

Nitel ve nicel veri analizlerinden elde edilen bulgular, en kaliteli argiimantasyonlarin “altin
piring” isimli senaryo baglaminda yapildigini gostermistir. En diisiik arglimantasyon kalitesinin
tespit edildigi senaryo baglami ise “cep telefonlar1 insan hayatini tehdit ediyor” adli senaryodur.
Fen bilimleri 6gretmen adaylarinin sosyobilimsel argiimantasyon kalitesinin konu baglamina
gore degisimini inceleme amagl yapilan bu ¢alismada, s6z konusu iki de§isken arasinda
anlamli bir farklilik bulundugu tespit edilmistir. Bu sonu¢ ve mevcut literatiirde belirtilenler,
bu arastirma alanina yonelik daha fazla ¢alisilma yapilmasi gerektigini ortaya ¢ikarmaktadir.
Bu nedenle 6zellikle de ulusal literatiire katki saglamak igin, bu ¢alismanin baglami ayni

kalmak kaydiyla fen bilgisi 6gretmen adaylar1 ile daha ¢ok arastirma yapilabilir.
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Abstract — The aim of this study is to investigate the change of pre-service science teachers’ argumentation quality
in relation to the context of argumentation. 27 third class pre-service science teachers participated in this study. 12
participants were divided into three groups, each containing 4 participants, according to their nature of science
understandings at the beginning of the implementation process, which lasted for 11 weeks. These pre-service
science teachers mounted argumentations in relation to the argumentation scenarios like ‘production of electric
cars’, ‘cell phones are threatening human life’, and ‘golden rice’ in the process of argumentation. While the
qualitative analysis of their argumentations was resolved with the help of a methodological tool; Kruskal Wallis-
H test, present in SPSS 20 package, was used in order to determine the statistical significance of the contextual
influence on socio-scientific argumentation quality. According to the results of qualitative and quantitative
analyses the best quality argumentations were formed within the context of ‘golden rice’ scenario. On the other
hand the lowest quality argumentations were formed within the context of ‘cell phones are threatening human life’

scenario. The results of this study were discussed within the context of related literature.

Key words: Preservice science teacher, argumentation, socioscientific argumentation quality, issue context

Introduction

One of the primary functions of contemporary science education is to enable students to
make conscious decisions about the socio-scientific issues in their lives and to use their
scientific understandings within the argumentation processes that they may encounter in their
daily lives (Dawson & Venville, 2010). In relation to the mentioned purpose, socio-scientific

issues that encourage scientific literacy enable the development of epistemic awareness with
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the use of scientific content by evaluating information and analysis (Zeidler, Sadler, Simmons,
& Howes, 2005). In relation to this, in a lot of studies socio-scientific issues were predicted that
they would provide a rich learning and teaching environment since they have technological,
methodological and conceptual contradictions (e.g., Venville & Dawson 2010; Iordanou &
Constantinou, 2014). Along with that the inclusion of argumentation into science education as
an instrument, which include students to scientific and socio-scientific activities, provides
students to improve their epistemological and cognitive development has become a specialty
for the contemporary education programs. These mentioned programs (AAAS, 2001; NRC,
2013; MEB, 2013) emphasize that science education must undertake the responsibility to
support students to understand the nature of science, scientific methods, and the way scientists
reach information. Since they are the people who can provide environments where students can
use their critical thinking and reasoning abilities in science classes and labs (Driver, Newton,
& Osborne, 2000, Simon & Johnson, 2008). The main purpose of science education, according
to the constructivist philosophy which has been in practice in Turkey since 2005, is to help
students to obtain skills rather than to give them scientific knowledge (MEB, 2013). But, no
matter how perfectly are the programs prepared, there is always a big responsibility for the
teachers. Therefore, it is necessary for teacher candidates to be educated on related issues before
the students. If the pre-service science teachers have the chance to obtain education on socio-
scientific context and argumentation process, not only it will be more likely for them to include
these processes to their teaching, but also they will have more developed pedagogic skills
(Zohar, 2008; Nielsen, 2012). There have been lots of studies conducted on the inclusion of
socio-scientific issues into science education and student participation for a long time and these
studies still continue to be conducted (e.g., Kara, 2012, Kirbag Zengin, Kegeci, &
Kirilmazkaya, 2012; Herman, 2015). In this study socio-scientific argumentation quality and
reasoning quality were examined from a lot of aspects such as; personal experiences (Albe,
2008), nature of science understandings/conceptualizations (Kdseoglu, Tiimay, & Ustiin,
2010), cultural point of views (Sadler & Donnelly, 2006), subject knowledge (Sadler & Fowler,
2006), and epistemological understandings (Liu, Lin, & Tsai, 2011). Dawson (2015), Zeidler
and Nichols (2009), and so many researchers working on socio-scientific issues stated that the
proofs used in the context of socio-scientific issues have less accuracy than the proofs used in
scientific context, and also they have a more changeable nature; so they claimed that in order
to supply more specific arguments, it is necessary to stick to the nature of argumentation. This
mentioned situation shows that contextual issue has a direct or indirect influence in the process

of argumentation. Albe (2008), in a phenomenological study which is grounded on one of these
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rationales, investigated the socio-scientific argumentations that were mounted by 12 high
school students on the effects of cellphones on our lives. The researcher determined that
students’ awareness of the epistemological nature of the context and their social interaction
within the group influenced their elaboration degree of their arguments. The researcher, also,
claimed that the contextual knowledge did not have much influence on the formation of
arguments; instead he asserted social and cultural nature of science to be more influential. In
the case study conducted by Dowson and Venville (2010) with the participation of 910
secondary school students, it was aimed to determine the influential factors behind the students’
participation to the socio-scientific argumentation processes. The researchers determined, by
classroom observations, interviews with students, analyzation of students’ written arguments
about cystic fibrosis and genetically modified tomatoes, that students’ participation to the socio-
scientific argumentation processes have been affected by four important factors: teacher’s role
in the facilitation of whole class discussions, the usage of written frame, socio-scientific context
and student’s role. Another study on the influence of context on the socio-scientific
argumentation quality was conducted by Molinatti, Girault and Hammond (2010). The
researchers investigated the influence of socio-scientific context on argumentation and decision
making in their study, which was conducted with 196 high school students. The results of this
study, which analyzed the argumentations which were formed within the contexts of stem cell
applications and gene therapy, showed that the context influenced both the participation to the
argumentation process and the concepts related to the nature of science. The researchers showed
that the nature of science understandings and argumentation qualities may not be at same levels
within different contexts. Also, Topgu, Sadler and Yilmaz-Tiiziin (2010) included 39 pre-
service science teachers to their study, which they investigated the influence of the context on
the quality of argumentation in socio-scientific issues; and concluded that the participants’ ideas
that they had in the decision making process were formed within the frame of three reasoning
patterns; rationalist, emotional, and intuitional. Besides, it was determined that the decisions of
pre-service teachers were not related to the context; and their decisions were shaped by four
other factors. These factors were personal experiences, social factors, moral-ethical issues, and
technological concerns. Lastly, Khishfe (2012b) investigated the relationship between students’
nature of science understandings and their argumentation skills within the socio-scientific
context in her study which was conducted with 219 high school students. The researcher
determined the relationship between the argumentation skills and nature of science

understandings after her quantitative analyses and concluded that this result was also confirmed
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by qualitative analyses. In addition to this she also reached two basic findings in respect to the
nature of science teaching and argumentation skills. The first of these is the role of opposing
arguments and the other one is the familiarity of the discussed subject, already possessed
knowledge of the subject, and being aware of the contextual factors including personal
involvement rate. The researcher presented two different scenarios in the contexts of genetically
modified organisms and water fluoridation; and she determined that the context resulted in
different outcomes in relation to nature of science understandings and argumentation skills.
While it has been seen that studies conducted on the inclusion of socio-scientific issues to the
science education is very limited in Turkey with regard to international literatiire (e.g., Topgu,
Mugaloglu, & Giiven, 2014; Es, Mercan, & Ayas, 2016); no conducted study was found on the
basis of the relationship between the context and socio-scientific argumentation. Both this
rationale and the inconsistency of results conducted on the relationship of context and socio-
scientific argumentation quality in literature evoke the need for further studies on the subject.
In addition, pre-service science teachers to have the chance to obtain education on socio-
scientific context and argumentation process will more likely to cause them include these
processes in their teaching careers and also they will have more developed pedagogic skills.
This, alone, can be accepted as another rationale. In the light of the rationales mentioned, the
aim of this study is to investigate the change of pre-service science teachers’ argumentation

quality in relation to the context of argumentation.

Method

This is a mixed type study which combines quantitative and qualitative study patterns
Onwuegbuzie and Leech (2004) stated that the aim of mixed type research is not to verify or
support an idea in many ways, but to expand the subject’s understanding of the event.
According to this, the mixed type presents a comprehensive, pluralist, complementary and
eclectic approach in order to provide choice of method and to enable the researcher to prepare
designs for the study. By using a mixed type method in this study, it was aimed to provide the
data triangulation, which is the whole body of efforts made to increase cogency (Yildirim &
Simsek, 2008). Along with that by detailing the collected data, it was aimed to reach the
complementary principle purposed by Giannakaki (2005). Acording to Giannakaki the
complementary principle is to have rich and detailed data by measuring the problem from
different perspectives. In this study which has both qualitative and quantitative data, the
quantitative data have been used more than the qualitative data. This research method is called

explanatory mixed method (Cresswell, 2008; Sullivan, 2009). It this research design, in the first
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phase quantitative data are gathered, and then in the second phase in order to expand and explain
these quantitative data, qualitative data are gathered (Cresswell, 2008). In this study, in the first
phase in order to gather quantitative data, participants were tested with NSAAQ Test and in the
second phase qualitative data were gathered by socio-scientific argumentation process. You can
see more clearly that which data collection, implementation, and data analysis processes were

followed in Figure 1.

o) teachers change according to the context?

* The formation of three groups each containing four people according to
their AABD testing scores.

* Do the socio-scientific argumentation qualities of pre-service science }

eIntroducing argumentation at all poin Small group and whole-cla

*Presentation about perspectives related to learning
ss
IIBBICHEHEDWI  discussion samples

Process

*Small Group and Class Discussion }

*The division of argumentations formed by the groups and their qualitative
quality determination

*The convertion of qualitative data to quantitative, and determination of the

Data Ana statistical significance among the argumentations made in different

contexts.

Figure 1  Steps Followed During the Implementation, Data collection and data Analysis
Processes
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Participants

This study was conducted with 12 participants whom were chosen according to their
nature of science understandings among 27 third grade pre-service science teachers (23 females
and 4 males) of a state university in Turkey. Information about the participants is given in Table

1.

Table 1 Information about Low, Middle and High Group Participants
GROUP PARTICIPANTS GENDER NSAAQ TEST SCORE

a A F 94.0

3 - By F 92.0

& Ci F 92.0

C D, M 92.0

N As F 85.0

2 = B, F 85.0

& C F 85.0

C D, F 85.0

-9 Aj F 74.0

= B; F 73.0

&= Cs M 72.0

© D; M 70.0

Group Division Process

There are three different classes (A-B-C) in this university’s education faculty’s science
education program. The class on which the study was conducted was chosen with simple
random sampling method. 27 pre-service science teachers were divided into three groups, which
were homogeneous within group and heterogeneous intergroup, each consisting four
participants whom were chosen according to their NSAAQ test results. Groups were chosen
with maximum variety method of the sampling methods. The reason of the inclusion of these
12 participants, whom were chosen among the 27 participants, was to provide the sampling,
which the study would be carried on, to consist homogenous but different situations. The
rationale behind the inclusion of the participants to the process after they had been divided into
groups according to their nature of science understandings is:

Students may need to know the context of the problem that they encounter, and understandings

related to how scientists evaluate claims in order to make qualified reasoning and make effective
judgements (Zeidler et al., 2005; Sadler, Chambers, & Zeidler, 2004; Liu, et al., 2011).

For this reason it is necessary to consider every student’s nature of science and epistemological

understandings. In this regard, the ways followed for the formation of subgroups are as below.

1. AABD test was implemented on all of the 27 participants.
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2. After the determination of arithmetic mean of the participants and standard deviation,

the formulas below were used (Fraenkel, Wallen, & Hyun, 2006).

Standard Deviation

Arithmetic Mean + > < GROUPI

Standard Deviation
Arithmetic Mean — 5 > GROUP III

GROUP 111 > GROUPII > GROUP 1

As it is seen in the formulas; the scores higher than the addition of half of the arithmetic
mean and standard deviation show the members of Group I, the scores lower than the
difference of arithmetic mean and standard deviation show the members of Group III, and
lastly the scores between these two groups show the members of Group II. Other groups
consisting four members were formed according to their scores of NSAAQ test with the pre-
service science teachers who are not in Group I, II, and III. Totally seven groups were formed
with the 27 participants. By this way, the researcher included all the participants to the
argumentation process. Members of the subgroups were not informed about the data collection.

Thus, not only their data stayed untouched, but also they actively participated in the process.
Data Collection Tools

The Nature of Science as Argumentation Questionnaire NSAAQ Test: The NSAAQ test, which
was developed by Sampson and Clark (2006) and adapted into Turkish by Cetin, Erduran and
Kaya (2010), was taken by all the participants and the participants were divided into subgroups
according to their nay-ture of science understandings. In order to determine the reliability co-
efficient the NSAAQ test was performed on 254 third grade science education program students
of five different universities, and the Cronbach Alpha reliability co-efficient of the test was

calculated to be 0,79. This value proves the reliability of the test (Fraenkel et al., 2006).

Weekly Activities: There are 12 scenarios, which were prepared according to nature of science
and in consideration of certain fictional elements and contemporary subjects, present in the
activity booklet which was given to the participants at the begining of the 11 week long process.
The socio-scientific contexts used in this study help the participants to easily refer to scientific
ideas and along with that they also consist encouragaging elements for the consideration of
informal aspects like cultural, ethical, and social anxieties (e.g. Khishfe, 2012a; Zeidler et al.,
2005). For the approval of the scenarios, in terms of issue context, argumentation, nature of
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science and language adequacy, three different researchers who are experts in their fields were
consulted. Scenarios were finalized after the expert opinions. The change of socio-scientific
argumentation quality in relation to the contextual change was evaluated with the help of
‘Electric Car Production’, ‘Smart phones Are Threatening Human Life’, ‘Golden Rice’
scenarios which were presented in the booklet. The selection reasons of these scenarios can be

stated as:

e Their group discussion times were longer than the others; so the data can be seen more
clearly,
e Active participation of pre-service science teachers,

e The willigness of the participants during the process of argumentation (Osborne,

Erduran, & Simon, 2004).
Detailed information about the content of the scenarios is given in Table 2.

Table 2 Socio-scientific Argumentation Scenarios

NAME OF THE

SCENARIO INFORMATION

This scenario, which was written by Salvato and Testa (2012), has a
contradictory plot about the energy resources of electric cars and gasoline-
powered cars and their effects on nature. This scenario was adapted to Turkish
for this study.

Electric Car Production

This scenario discusses harms and benefits of cell phones, which are the mostly

Smart phones Are used technological gadgets of our time, all together. This scenario, which was

Threatening Human Life written by Salvato and Testa (2012), was used as an adaptation to Turkish.
This scenario contains a plot in which two groups of scientists defend
Golden Rice contradictory knowledge about ‘Golden Rice’ which is a genetically mutated
product developed against vitamin A deficiency. This scenario, which was
written by Khishfe (2012), was adapted to Turkish.
Data Analysis

The data collected in order to determine the changes of pre-service science teachers’
argumentation quality in relation to the context of argumentation were analyzed by qualitative
and quantitative analysis methods. In the study, at first NSAAQ scores were analyzed
quantitatively and participants were divided into subgroups. And then, argumentations formed
during the process of argumentation were qualitatively analyzed with a methodological tool
which was developed by Erduran et al. (2004) in accordance with the Toulmin Model
Argumentation (Table 3).
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Table 3 Argumentation Assesing Tool
Argumentation CONTENT SCORE
Level
Level T Argumentation consists of arguments that are a simple claim versus a counter- 1
claim or a claim versus a claim.
Argumentation has arguments consisting of a claim versus a claim with either
Level I . . 2
data, warrants, or backings but do not contain any rebuttals.
Argumentation has arguments with a series of claims or counter-claims with
Level 11 . : . . 3
either data, warrants, or backings with the occasional weak
Argumentation shows arguments with a claim with a clearly identifiable
Level IV . . 4
rebuttal. Such an argument may have several claims and counter-claims.
Level V Argumentation displays an extended argument with more than one rebuttal. 5

For the analysis of data generated during the process of argumentation by pre-service science

teachers of low, middle and high groups; these methods were followed respectively:

1. Argumentations made by the groups, which were digitally recorded with sound

recorders, were written down separately according to the groups (low-middle-high) and

scenarios type.

2. Before starting the argumentation analysis in accordance with the argument evaluation

scale, which was consisted of nine forms in total and stated above; a general template

was formed in order to determine which argumentation component (c/aim, data, reason,

etc.) would be chosen for which statement written in the form and in what

circumstances. A researcher, expert in the field of argumentation analysis, joined to the

template formation process. The compromised argument analysis method contains these

premises;

a)
b)

d)

Provisions about certain situations were accepted as ‘claim’.

If this claim was supported-explained with conjunctions or transition words like
‘because, that’s why’; it was accepted as ‘warrant’.

If the person presented the claim with a de facto knowledge, it was accepted as
‘data’. The real point considered here was words like ‘for example’ and ‘for
instance’. If the sentence started with these words, it was preferred to mark them
as ‘data’ components.

If a claim stated was supported by a second warrant, that second reason was

marked as a ‘supportive’ component.
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e) The point considered for rebuttal was the use of conjunctions like ‘but, however’
that indicate contradictory or alternative aspects. If the person stated alternative
or different aspects of opposite party’s ideas by using a conjunction like ‘but’,
it was marked as a ‘Rebuttal’ component. Two different ways were followed
for the ‘Rebuttal’ component. If the rebuttal was presented with an extra
component (e.g. data, reason, supportive), it was called strong rebuttal; it was
not supported with an extra component, it was called weak rebuttal.

3. After reaching a consensus on the argumentation analysis method, three of the nine
forms, which contain argumentations of the groups (one form from each issue context),
were sent to the same researcher and the analysis made in different times and different
places on these form were compared. After the comparison, reliability among coders
was determined to be % 88. This value received proves the reliability of the coding
(Miles & Huberman, 1994).

4. After ensuring the reliability criteria, argument component identification process was
completed by conducting argumentation analysis on the rest of forms.

5. Analyzed statements in the forms were divided in to argumentation sections in order to
identify argumentation quality.

6. Nine forms, which contain argumentation sections of low, middle and high group
members made upon different scenarios were gathered in three forms which enabled
groups to be compared.

7. Argumentation sections gathered in 3 forms were divided into levels according to the
rating scale, which was developed by Erduran et al. (2004) and got ready for the

quantitative analysis process.

In the process of quantitative analysis, quantitative data gathered were thought to be
constant variables for qualitative analysis (Level I= I points, Level II= 2 points, Level III= 3
points, Level IV= 4 points and Level V= 5 points). Points obtained from data set were
determined by Kolmogorov-Smirnov normality test whether they show normal distribution or
not. After the normality test, in order to identify the statistical significance of the difference
among low-middle-high groups’ argumentation quality according to issue context, Kruskal

Wallis-H test was conducted (Biiyiikoztiirk, 2012).
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Findings and Comments

In this section, at first, findings of qualitative analysis, made with a methodological tool
which was developed by Erduran et al. (2004), of the participants’socio-scientific

argumentations formed within different contexts (Table 4).

Table 4 The Change of Socioscientific Argumentations According to Issue Context

Levels Smart Phone Score Golden Rice Score Electricity Car Score
Level 1 1 0 0 3 3
Level 11 11 22 6 12 8 16
Level 111 10 30 12 36 13 39
Level IV 5 20 14 56 6 24
Level V 4 20 11 55 9 45

Total Score 93 169 127

As it is shown clearly in Table 4, the total score of socio-scientific argumentations formed
through the ‘golden rice’ scenario was determined to be higher than the other two
argumentation context. Level IV and Level V argumentations which represent the best quality
argumentations were mostly seen in the context of ‘Electric Car Production’ and ‘Golden Rice’
scenarios. Level I and Level II argumentations which represent the lowest quality
argumentations were mostly seen in the context of ‘Electric Car Production’, ‘Cell phones Are
Threatening Human Life’ scenarios. The data presented in Table 4 show that as the context of
argumentation change, the argumentation formation degree changes too. However, when the
total argumentation scores of the scenarios are compared, it can be seen that the argumentation
value of ‘Electric Car Production’, ‘Cell phones Are Threatening Human Life’ scenarios are
very close to each other; on the other hand the value of the arguments within the context of
‘Golden Rice’ scenario is higher than the others. For a clear understanding of the
argumentations made by participants during the socio-scientific argumentation process, an
example for each level of argumentation was presented. Quoted passages of pre-service science
teachers were presented under names independent of the study in order to hide their identity

information.

Level I argumentation (Electric Car)

In this part of the argumentation, the first person presents data along with a secret claim.

On the other hand the other person forms his/her own claim in search of a solution. Afterwards
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other participants tries to make contribution to the argumentation by adding their claims and

more data.

As: I want to say that after all we can’t produce oil in our country. As a matter of fact we have to
import it.

B3: Neither electric car nor the usual gasoline car; they must find another solution.

Cs: A flying car with helium gas. If there are flying balloons, why not flying cars?

Bs3: Anyway there was a car like that.

Ajs: Besides, there are LPG powered cars.

[Data (A3) + Claim (Bs) + Claim (Cs) + Claim (B;) + Data (A3)]

Level Il argumentation (Smart Phones)

In this part of argumentation where there is an agreement between the two participants,
the first participant tries to back up his/her claim with a warrant and backing components. As a

response the second participant presents a reasoned claim and shows her/his agreement.

Aj: I don’t say cell-phones should not be used, but its use should be reduced; because sometimes
people carry even two or three cell-phones at the same time. While one cell-phone is so harmful for
the brain, we can’t imagine how harmful a few can be. Already we have been living exposed to
radiation all day.

B:: Yes, we have to use technological devices, but cell-phone is not a must. How could people
communicate before cell-phones? They managed it somehow.

[Claim + Warrant + Backing (A;)] + [Claim + Warrant (B,)]

Level 11l argumentation (Golden Rice)

In this part of argumentation two participants present arguments as response to each other.

This part where there are only claims, data, weak rebuttals; can be summarized as below.

Bi: For example I meant to say that there aren’t any vegetables in Japan.

C;: Then, you send another alternative

B;: I send another alternative now, but

C;: Not exportation from abroad.

Bi: So rare.

C;: Okay, it can’t be so difficult to reach these.

Bi: Very difficult, the price of just one tomato is at least 5 liras.

Ci: You shouldn’t take this just for Japan.

Bi: You can’t reach them, think it that way. Instead it gives you the chance to use what you have

with reinforcements.
[Data (B;)] + [Rebuttal (Weak) (C;)] + [Claim (B;)] + [Rebuttal (Weak) (C;)] + [Claim (B;)] + [Claim (C,)]
+ [Rebuttal (Weak) (B1)] + [Rebuttal (Weak) (C;)] + [Rebuttal (Weak) (B1)]
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Level IV argumentation (Electric Car)

In this part of argumentation which was formed in accordance with the scenario related
to electric car usage, we can see that there is an increase in opposing claims and persuasion
processes. The first participant presents his/her claim with a data backup, and the other
participant takes his/her position with another claim. On the other hand another participant tries
to falsify the claims with a weak rebuttal. The last participant’s strong rebuttal which is

presented with data makes this argumentation Level IV.

Di: You don’t give enough credit to air pollution, but when the air is polluted water will get polluted

too; you don’t consider that.

Aj: But, in any case there will be air-pollution.

C1: When we run out of the oil that we have, what will we do?

Bi: But there are things polluting the air other than oil, oil usage is not the only cause.

D;: Yes, but the most important cause of air-pollution is the exhaust gas.

C;: Why do we think about things like these, when the apocalypse is so soon to happen.
[Claim + Data (D;)] + [Claim (A)] + [Rebuttal (Weak) (C;)] + [Rebuttal (Strong) (B;) + Data] + [Claim (Dy)]
+ [Claim (C))]

Level V argumentation (Smart Phones)

In this argumentation part, the first participant states a reasoned claim. The opposite party
responds with a weak rebuttal. In this part, where all the participants present opposing
arguments, the third participant responds with a weak rebuttal, too. The fourth participant’s
argument is a weak rebuttal, too. At the end, the last participant presents an strong rebuttal, so
that, this part of the argument contains more than one rebuttal and becomes a Level V

argumentation.

By: For instance if there hadn’t been smart phones when you were born, you wouldn’t need them;

you would know how to live without them, but they exist.

D;: OK, but, we don’t have to go on living with them since there are phones in today’s technology.

A: But you are used to arranging everything with your cell-phone; suppose how hard would it be,

if, suddenly, you had to use letters and telegraphs again!

Ci: It shouldn’t have to be suddenly, you stop using something when you have other things to

substitute it.

D;: Bui it is not a necessity like eating or drinking. You can go on living without it.

Aj: Being social and satisfying social needs are as necessary as eating or drinking. For a person to

be happy, talking to another person, going out with them are as important as eating and drinking.
[Claim + Warrant (B;)] + [Rebuttal (Weak) (D1)] + [Rebuttal (Weak) (A;)] + [Rebuttal (Weak) (Cy)] +
[Rebuttal (Strong) + Warrant (D;)] + [Rebuttal (Strong) + Warrant (A,)]
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Quantitative Analysis of the Change of Socio-scientific Argumentation Quality According

to the Context

Statistical significance was examined by the quantification of the argumentation episodes,
which were formed according to specific scenarios, in order to reinforce the qualitative data
collected to show the change of argumentation quality in relation to the context. At this point,
first of all, in order to see whether the scores obtained from the data sets show normal

distribution or not, kolmogorov-smirnov normality test was conducted.

Table 5 Kolmogorov-Smirnov Normality Results
N X S.D. z p
Argumentation Episodes 113 3,35 1,15 ,187 ,000

p<,05

According to Table 5, the data collected from the study group (argumentation episodes)
were determined not to have a normal distribution (p<,05). This means that nonparametric tests
can be conducted on the data. As a result the significance of the influence of the context on pre-
service science teachers’ socio-scientific argumentation quality was determined by Kruskal

Wallis H-Test.

Table 6 Kruskal Wallis H-Test Results

Scenarios N Mean Rank df x? p
Smart Phone 31 46,79 2 7,294 ,026
Golden Rice 43 66,52
Electricity Car 39 54,62

p<,05

Kruskal Wallis H-Test results that show the statistical significance of the change of pre-
service science teachers’ argumentation quality according to the context were presented in
Table 6. The participants were divided into three groups, each consisting four members, as
Low-Middle-High according to their nature of science understandings. The analysis results
show that the quality of argumentation shows ,05 differentiation according to the context [x2
(2)= 7,294, p<,05]. This finding represents that there is a significant difference between the
mean ranks of the argumentations formed in accordance with the scenarios. When their mean

ranks are considered the best quality argumentation was formed within the context of ‘Golden
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Rice’ scenario; and it was followed respectively by ‘Electric Cars’ and ‘Smart Phones’. In short
Kruskall Wallis H-test results showed that the context significantly affects pre-service science

teachers’ socio-scientific argumentation qualities.

Conclusion and Discussion

In this study which was conducted in order to determine the influence of the context on
pre-service science teachers’ socio-scientific argumentation qualities, it was determined that
there is a significant difference between the two variables. The findings of the qualitative
analysis of the socio-scientific argumentations formed with scenarios about electric cars, smart
phones and golden rice reveal that the better quality of argumentations was reached especially
with the ‘Golden Rice’ scenario (Table 4). This finding proves the claim that the context of
argumentation significantly affects pre-service science teachers’ socio-scientific argumentation
qualities. The change of argumentation scores in relation to the context backs up this claim
(e.g., Dawson & Venville, 2010; Molinatti et al., 2010; Khishfe, 2012b). In order to investigate
this claim thoroughly argumentations formed in accordance with the other scenarios were also
examined qualitatively and they were determined to have close quality levels. For example, as
it is seen in Table 4, while the numbers of Level IV and Level V argumentations formed
according to ‘Smart Phone’ scenario are respectively ‘5’ and ‘4’; the numbers of the same level
argumentation are respectively ‘6’ and ‘9’ in relation to ‘Electric Cars’ scenario. The numbers
being so close to each other in different scenarios is a highly remarkable finding. Their total
argumentation scores being so close to each other is another remarkable point as well (Smart
Phones:93, Electric Cars: 127). In order to support qualitative results that had been obtained;
qualitative data were transformed to quantitative data and Kruskal Wallis H-test was conducted
on these quantitative data. The analysis results show that the quality of argumentation shows
,05 differentiation according to the context [x2 (2)= 7,294, p<,05]. This finding represents that
there is a significant difference between the mean ranks of the argumentations formed in
accordance with the scenarios. According to this the mean ranks of ‘Smart Phones’, ‘Electric
Cars’ and ‘Golden Rice’ scenarios are increasing respectively; ‘46,79’; °54,62° and ’66,52’.
From the mean ranks of the scenarios it can be seen that the argumentations formed according
to ‘Smart Phones’ and ‘Electric Cars’ are again so close to each other, while the argumentations
of ‘Golden Rice’ scenario differ highly from them. There are also studies that do not confirm

the results of this study (Albe, 2008; Khishfe, 2012b; Molinatti et al., 2010; Topcu, et al., 2010).
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In those studies the context of the argumentation does not have any impact on the decision
making process. The reasons of the nonconformance can be listed as below:

o The context quality: The reason of this study’s findings to be different from the findings
of some studies in literature may be the different handling of the contexts that are being
compared. For instance, Molinatti et al., (2010) compared stem cell applications and
gene therapy; ; Khishfe, (2012b) compared genetically modified organisms and water
fluoridation; and Topgu et al. (2010) compared gene therapy, cloning, and global
warming. However, in this study smart phones, electric cars and golden rice scenarios,
which highly differ from each other with regar to the disciplines, were compared.

o The number of participants: This study was conducted with 12 participants whom were
chosen among 27 third grade pre-service science teachers who were studying in a
science education program of a state university; and concluded that the context
influences the quality of socio-scientific argumentation. The studies, whose results
contradict with this study, were conducted more participants; Molinatti et al. (2010) 196
participants, Topcu et al. (2010) 39 participants, Khishfe (2012b) 219 participants.

e Grade levels of the participants: This study was conducted with 12 third grade pre-
service science teachers who were studying in a science education program of a state
university; however, the contradictory studies were conducted mostly with high school

students (Albe, 2008; Molinatti et al., 2010; Khishfe, 2012b).

This study showed that the argumentations which were formed by 12 pre-service science
teacher according to three different scenarios (Golden Rice, Electric Cars and Smart Phones)
during the argumentation process, significantly differed from each other. The cause of this
result was thoroughly explained in the light of current literature. As it is known, socio-scientific
issues focus on social issues which consist an ethical or moral component with a scientific
concern. The contexts used in this study may be serving to the nature of socio-scientific issues
at different levels (Sadler & Fowler, 2006). This situation may be a point which can explain the
change of socio-scientific argumentation quality according to the context. On the other hand,
Zeidler et al. (2005) claimed that science content understanding of a person, and personal and
social reflections on the belief based knowledge field may affect evaluation of socio-scientific
issues. This claim is favoring the findings (contextual effects on the socio-scientific
argumentation quality) of this study. Along with this a lot of researchers stated that personal
experiences affect informal reasonings related to socio-scientific issues. And this shows that

the change of socio-scientific argumentation quality may be resulted from the difference of
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personal experiences. Sadler and Zeidler, (2005) stated that socio-scientific issues have
technological, methodological, and conceptual contradictions. According to the researchers
socio-scientific issues related to biotechnological applications, environmental problems, and
human genetics have resulted in contradictions of different levels. This aspect of socio-
scientific issues may be one of the reasons that explain the change of argumentation quality in

relation to the context.

The findings of this study and stated facts in the literature clarify that more studies related to
this field of research should be conducted. For this reason, in order to support the literature,
more studies can be conducted with pre-service science teachers without making any change in
content. Especially, for the researchers who include pre-service teachers and students to socio-
scientific argumentation process, they may need to consider personal experiences;
technological, methodological, and conceptual basis of the subject while deciding on the
context. In addition to this, in the possible future studies, using a variety of contexts may be a
good advice for the sake of literary contribution. And, lastly, in so as to improve the quality of
education and to raise science-literate future generations, a particular importance may be

attached to education processes including socio-scientific issues.
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