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ABSTRACT: The aim of the study is to develop a “Self-Efficacy Scale for Argumentation” (SEAS). The 

participants of the study consisted of 879 pre-service elementary teachers. In order to examine construct validity of 

SEAS, exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were utilized. The initial solution of 

the EFA results revealed that three-factor structure consisting of 24 items called “Effort”, “Confidence” and 

“Determination” for argumentation was obtained. Since the factor-item correlations were not significant for the 

“Determination” scale (p>.05), the two-factor structure consisting of the “Effort” and “Confidence” for 

argumentation was validated by the repeated CFA. The accepted fit indices for the repeated CFA results were 

X2/sd=2.62; p<.001; RMSEA=.07; S-RMR=.05; NFI=.86; CFI=.91; GFI=.87. The moderate and significant 

correlation coefficients between the scores of the SEAS with the scale of “Inquiry Learning Skills Perception in 

Science” (Taşkoyan, 2008) proved the criterion validity of the SEAS. The test-retest reliability of the SEAS was 

found to be moderate and significant. The internal consistency of SEAS is .93. Finally, a significant difference 

between the upper and lower groups means that the item discrimination of the SEAS is high. 

Keywords: Argumentation, self-efficacy, self-efficacy for argumentation. 

ÖZ: Çalışmanın amacı, sınıf öğretmeni adaylarına yönelik “Argümantasyona Yönelik Öz-Yeterlik Ölçeği 

(AYÖÖ)’nin geliştirilmesidir. Araştırmanın çalışma grubu 879 öğretmen adayı oluşturmuştur. AYÖÖ’nün yapı 

geçerliği açıklayıcı faktör analizi (AFA) ve doğrulayıcı faktör analizi (DFA) ile incelenmiştir. İlk AFA sonuçlarına 

göre, 24 maddeden oluşan ve “Çaba”, “Güven” ve “Kararlılık” olarak isimlendirilen üç faktörlü bir yapı elde 

edilmiştir. “Kararlık” faktörü için faktör-madde ilişkilerinin anlamlı olmaması (p>.05) nedeniyle “Çaba” ve “Güven” 

olarak iki boyutlu yapının doğrulanması için ikinci kez DFA yapılmıştır. İkinci DFA için kabul gören uyum 

indeksleri X2/sd=2.62; p<.001; RMSEA=.07; S-RMR=.05; NFI=.86; CFI=.91; GFI=.87. AYÖÖ ile “Sorgulayıcı 

Öğrenme Becerileri Algısı Ölçeği” (Taşkoyan, 2008) ile edilen orta düzeyde ve anlamlı korelasyon katsayıları, 

AYÖÖ’nün ölçüt geçerliğini ortaya koymuştur. AYÖÖ’nün test-tekrar test sonuçları, ortalama düzeyde ve anlamlı 

korelasyon katsayıları olduğunu göstermiştir. AYÖÖ’nün iç tutarlık katsayısı .93 olarak hesaplanmıştır. Son olarak, 

alt ve üst gruplar arasında anlamlı bir farkın bulunması ölçme aracının madde ayırt ediciliğinin yüksek olduğunu 

göstermektedir.  

Anahtar kelimeler: Bilimsel tartışma, öz-yeterlik, tartışmaya yönelik öz-yeterlik. 
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Scientific Argumentation 

The roots of argument go back as far as Aristotle in Ancient Greek philosophy. 

Argument, which is grounded in Aristotle’s art of rhetoric, is a means used by an 

individual to reach a conclusion based on the data they have in hand (Billig, 1989; 

Çelik, 2010; Durhan, 2018; Walton, 2006). Argumentation, however, is a type of 

discourse by which individuals try to convince each other based on evidence in order to 

solve a scientific problem (Trend, 2009) since views that differ from one another must 

exist for an environment of scientific argument to form (van Eemeren et al., 1996). 

Therefore, Aktamış and Hiğde (2017) defined scientific argument as a type of scientific 

discourse that consciously includes the components of argument rather than an 

environment in which individuals present only their views in a simple debate. 

Throughout this study, the term “scientific argumentation” will be used instead of 

argumentation. It is seen that besides the concept of scientific argumentation, the 

concept of argument is also included in the literature, and that these concepts differ 

from each other. Argument can be understood as a thesis created by the individual to 

support their idea, whereas scientific argumentation is the name given to the process in 

which more than one person debates their ideas which are different from each other 

(Kuhn & Udell, 2003). While argument is expressed as the claims, data, warrants and 

backing that themselves contribute to its content, scientific argumentation is expressed 

as the process of combining these components (Simon et al., 2006). Ceylan (2012) 

stressed that in a scientific argumentation environment, arguments are required for 

individuals to convince each other reciprocally.  

Researchers such as Zohar and Nemet (2002), Kelly and Takao (2002), Schwarz 

et al. (2003), Lawson (2003), Sandoval (2003), and Erduran et al. (2004) developed 

different models for analyzing scientific argumentation in science education. However, 

in many studies conducted in science education in Turkey, it is seen that Toulmin’s 

model is mostly used (e.g., Karakaş & Sarıkaya, 2020; Seçkin Kapucu & Türk, 2019; 

Tozlu, et al., 2019; Tüzün et al., 2019; Ural et al., 2020). In this study, too, Toulmin’s 

model is used, because in Toulmin’s model, since the argument is molded in a certain 

way, the understanding, analysis and evaluation of the argument are facilitated (van 

Eemeren et al., 1996). By revealing the mutual relationship between the arguments in a 

comprehensive way, it is possible for the individual to look critically at the other 

arguments and at his/her own arguments (Leeman, 1987; Rieke & Sillars, 1984). 

According to Aldağ (2006), the Toulmin model can assist students with regard to 

determining the hypotheses that are not clearly defined in the argument. By extension, it 

contributes to the development of students’ argumentation skills (Toulmin, 1958). 

Rachmatya and Suprapto (2020) also stated that Toulmin’s argument model is of benefit 

for measuring individual’s argumentation skills.  

Toulmin’s model demonstrates the formation of a claim supported by data and 

the applicability of these data by using warrants (Jolliff, 1998). According to Toulmin 

(1958), the components of an argument consist of the claim, data, warrant, backing, 

qualifier and rebuttal. The claim is a view proposed about an idea, opinion or results. 

The data are facts put forward to support the claim (Çelik, 2010; Von Aufschnaiter et 

al., 2008). While the evidence-based justification of the claim with the supporting data 

is enabled with the warrant, the limits of the validity of the argument are defined with 

the qualifier (Osborne et al., 2004). While data presented to strengthen the warrants of 



Development of Self-Efficacy…  

 

© 2021 AKU, Kuramsal Eğitimbilim Dergisi - Journal of Theoretical Educational Science, 14(3), 449-475 

 

451 

the claim comprise the backing component, the arguments presenting conditions in 

which the claim is not true confront us as the rebuttal (Erduran et al., 2004). Stating that 

opposing arguments directed at the claim can be provided with rebuttals, Kaya and Kılıç 

(2008) stated that these can cause dialogic discussions to begin, since the rebuttals 

include both the presentation of evidence and reasoning intended to weaken or destroy 

the opposing argument (Freeley & Steinberg, 2008). As can be seen, the components of 

the argument are parts that strengthen the whole and are interdependent like interlocking 

links. The question of the extent to which the components of scientific argumentation 

exist or not in the argument determines the power of the argument (Sampson & Clark, 

2008). 

Scientific Argumentation in Science Education 

Since scientific argumentation develops the individual’s self-efficacy (Eymur & 

Çetin, 2017), argumentation skills (İnaltekin & Akçay, 2017; Osborne et al., 2004), 

academic achievements (Erkol et al., 2017; Koçak, 2014), willingness to debate (Baydaş 

et al., 2018), scientific process skills (Er & Kırındı, 2020), conceptual understanding 

(Akyüz, 2018; Hasnunidah et al., 2020), critical thinking (Rosidin et al., 2019; Sönmez, 

2017), and attitudes towards science (Walker et al., 2012) occupy an important place in 

science education. For this reason, scientific argumentation has been included in many 

reforms in science both in Turkey and all over the world (Erduran & Msimanga, 2014; 

Heng et al., 2015).    

The Ministry of National Education (MoNE, 2018) in Turkey states that the 

learning process involves the creation of arguments and that discussion environments 

should be established to enable individuals to state their claims, support them with 

warrants, and develop counter arguments to refute the other claims. Although students’ 

participation in the scientific argumentation process is important in terms of both their 

learning of scientific concepts and their better understanding of the scientific 

argumentation process, it is reported that opportunities for participation in such 

discussions is limited (Sampson & Blanchard, 2012). In this case, the importance of 

science teachers’ knowledge related to scientific argumentation and the teaching of 

scientific argumentation comes to the fore (Özdem Yilmaz et al., 2017). Studies 

conducted in this direction reveal the deficiency of teachers’ knowledge related to the 

components of argumentation or the inadequacy of their teaching skills required to 

initiate, sustain and complete an argument (Aydoğdu & Buldur, 2013; Hiğde & 

Aktamış, 2017; Namdar & Tuskan, 2018; Sampson & Blanchard, 2012). Similarly, 

studies conducted with pre-service teachers are such as to support this finding: there are 

not only deficiencies in candidates’ argument knowledge (Hiğde & Aktamış, 2017), but 

they also experience problems in classroom management while planning for scientific 

argumentation and during implementation of scientific argumentation (Aydeniz & 

Özdilek, 2016). According to Martín-Gámez and Erduran (2018), pre-service teachers 

have difficulty in understanding the rebuttal component, which increases the quality of 

an argument. Similarly, Gurkan and Kahraman (2018) revealed in their study that 

although teacher candidates were able to present claims related to a socio-scientific 

subject, they had difficulties when supporting their claims or refuting other claims. 

Furthermore, pre-service teachers who participated in the study by Ghebru and 

Ogunniyi (2017) regarded scientific argumentation only as offering an opinion or as a 
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discussion undertaken by individuals in order to get the better of each other regarding a 

situation.  

The abovementioned studies make one wonder how pre-service teachers can 

structure scientific argumentation in their educational practices. Drawing attention to 

the relationship between pre-service teachers’ self-efficacy and scientific 

argumentation, Ogan-Bekiroglu and Aydeniz (2013) stated that candidates with high 

self-efficacy for scientific argumentation could carry out instruction in this direction, 

whereas candidates with low self-efficacy could use only teacher-centered teaching 

methods such as direct instruction. This situation reveals that besides environmental 

factors that can affect pre-service teachers’ knowledge and skills related to scientific 

argumentation, such as the class environment and accessibility of resources, individual 

characteristics such as self-efficacy, which ensure that they tend not to give up in the 

face of obstacles and to be successful, also need to be taken into consideration (Purzer, 

2011). In the following sections, first of all self-efficacy, and then the relationships 

between self-efficacy and scientific argumentation are explained.   

Self-Efficacy 

Bandura, who argued that self-efficacy forms the basis of human actions, 

defined self-efficacy as an individual’s belief in their competencies to organize and 

maintain their actions. Self-efficacy belief determines how people feel and think, how 

they motivate themselves, and how they behave. According to Bandura, when people 

believe that they cannot achieve the desired result, there is nothing to motivate them 

towards action (Bandura, 1977, 1994, 2001). 

Self-efficacy belief focuses on the ability to carry out a certain task successfully 

and is assumed to be a powerful predictor of behavior (Woolfolk, 2016). While self-

efficacy affects an individual’s goals and behaviors, it is also affected by actions and 

conditions in the environment; that is, self-efficacy has an effect on people’s behaviors 

and the environments they interact with, and is also itself affected by actions and 

conditions in those environments. Consequently, behaviors and environments 

complement each other reciprocally (Schunk & Meece, 2006; Schunk & Miller, 2002).  

Individuals’ beliefs in their ability inform us about how they interpret the 

opportunities and difficulties around them. It is associated with which problems they 

will tackle, how much they will strive for their goals, how patient they can be in the face 

of difficulties, and whether failure situations will be demoralizing or motivating for 

them (Bandura, 2002, 2006). For example, people who feel competent to carry out a 

certain task are more willing to take part in activities and to work harder, and are more 

determined to find a solution when faced with difficulties (Schunk & Miller, 2002). As 

well as affecting the amount of effort individuals will spend and the extent to which 

they will be able to withstand difficult conditions, self-efficacy also has an effect on 

whether they will be able to deal will these difficulties (Poulou, 2003). Bandura (1986, 

1997) explained the sources of self-efficacy in four parts, namely individuals’ own 

performance accomplishments, vicarious experiences, verbal persuasion and 

physiological states. According to Bandura (1977), individuals’ own performance 

accomplishments are the most important source that forms their self-efficacy belief. 

While performances that individuals interpret as successful increase their self-efficacy, 

results that are perceived as failures decrease their self-efficacy (Chen & Yeung, 2015). 
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By means of indirect experiences, individuals also make inferences about their abilities 

by observing their peers. When students who observe their peers see that they can 

perform a task, they show a tendency to believe that they will also be able to do it 

themselves (Schunk & Miller, 2002). Verbal persuasion is concerned with feedback 

from other people regarding individuals’ ability to accomplish a task. When individuals 

receive positive feedback, their self-efficacy is supported, whereas negative feedback 

can lower their self-efficacy (Bandura, 1977; Chen & Yeung, 2015). As well as these, 

individuals may also consider their emotional and physiological states while evaluating 

their self-efficacy. Drawing attention to the fact that individuals’ performances can be 

interpreted as weak in stressful situations, Bandura (1994) mentioned that they might 

name aches and pains as physical weakness in activities that involve strength and 

resistance. 

Self-Efficacy for Argumentation  

In argumentation, individuals challenge each other with claims and the reasons 

for these claims. Argumentative environments are complex environments that involve 

cognitive conflicts, doubts, complex decisions, etc. While individuals form their claims, 

they also create counter-claims by thinking about other individuals’ ideas (Mirza & 

Perret-Clermont, 2012). For this reason, rather than accepting a viewpoint without 

considering it (van Eemeren et al., 2014), scientific argumentation requires individuals 

to ground their claims, make statements related to counter-claims, evaluate alternative 

ideas, and reconstitute their own ideas (Chin & Osborne, 2010). This situation causes 

individuals to make a decision about whether or not to use their argumentation skills by 

bringing their self-efficacy belief to light (Erika et al., 2019). Therefore, learning 

environments that are based on scientific argumentation, while increasing individuals’ 

interest in science by allowing them to investigate and solve a problem that they have 

identified, give them the opportunity to feel competent by allowing them to take 

responsibility for their own learning (Choi et al., 2015).     

In argumentation activities, individuals can gain experience in forming 

arguments in cooperation, producing evidence, evaluating alternative arguments, and 

projecting the results of their arguments (Simon et al., 2012). As well as examining pre-

service teachers’ practice activities, Çetin et al. (2016) also stressed the importance of 

determining their self-efficacy beliefs. The model applied by Erika et al. (2018) for 

developing pre-service chemistry teachers’ self-efficacy and argumentation skills 

improved both the candidates’ argument-forming skills and their self-efficacy. Again, it 

was observed that self-efficacy developed in pre-service teachers who did experiments 

related to science subjects during laboratory practices based on scientific argumentation 

(Karslı Baydere & Şahin Çakır, 2019). Voica et al. (2020) reported that in an 

environment based on problem-solving, pre-service teachers’ perceived self-efficacy 

triggered motivation to persevere, and that when the candidates took on a new task, their 

self-efficacy increased and their self-confidence improved. 

Individuals who do not possess cognitive and social skills related to initiating, 

sustaining and evaluating an argument may experience a feeling of difficulty in an 

argumentation environment. In such situations, which they generally perceive as a risk 

for themselves, individuals may avoid entering such environments in order to cope with 

the feeling of failure that they will experience (Mirza & Perret-Clermont, 2012). Pre-
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service teachers’ previous teacher-centered learning experiences in their university 

education may lead them to feel inadequate at coping with the problems that scientific 

argumentation will bring them. Thus, they refrain from scientific argumentation 

practices. For example, Hewson and Ogunniyi (2011) stated that although the instructor 

provided candidates with certain experiences for them to use scientific argumentation as 

a means of instruction, there would be a need for in-service training for candidates to 

use this new approach, which they regarded as radical for themselves, in their classes. 

Therefore, individuals’ belief that they can use these skills to make their argumentation 

skills ready for use must be sufficient (Erika & Prahani, 2017). 

Furthermore, when rebuttals of an argument occupy a great deal of space during 

argumentation, this means that the disputed ideas are investigated more. In this 

situation, so that individuals who argue can protect their positions in a powerful way, 

their self-efficacy beliefs in their argumentation skills need to be strong (Garcia-Mila et 

al., 2013). If individuals think the opposite, that is, if they believe that they cannot 

succeed in a task or activity, they may not wish to take action in the face of difficulties 

(Bandura, 1999). Considering that actions are first considered at the anticipation stage, 

individuals’ self-efficacy belief will also affect their knowledge and skills related to 

argumentation (Bandura, 1994). Uçar and Demiraslan Çevik (2020) reported that since 

pre-service teachers who participated in their study did not trust themselves in terms of 

their argumentation skills, the feedback that they gave each other regarding the 

argumentation map that was developed was not effective in developing their 

argumentation skills. For this reason, to make teacher candidates’ understanding, 

knowledge and skills related to argumentation more comprehensible, it is also necessary 

to examine candidates’ self-efficacy for argumentation.  

When the literature is examined, in terms of measuring self-efficacy in the field 

of science, a number of examples can be found, such as a science teaching self-efficacy 

belief scale, an environmental education self-efficacy scale (Özlü et al., 2013), a self-

efficacy scale for laboratory practices in science teaching (Aka, 2016), a self-efficacy 

belief scale related to knowledge and instruction of the nature of science (Tatar & 

Özenoğlu, 2018), and a laboratory self-efficacy scale (Akkuş, 2020). Moreover, there 

are also studies related to developing pre-service teachers’ competences for science 

(Kazempour & Sadler, 2015; Knaggs & Sondergeld, 2015; Menon & Sadler, 2016), 

teaching science (Hechter, 2011; Mulholland & Wallace, 2001; Narayan & Lamp, 2010; 

Palmer, 2006; Ramey-Gassert & Shroyer, 1992; Velthuis et al., 2014) and the factors 

affecting the argumentation instruction (Atabey et al., 2020). Furthermore, it is 

determined that scientific argumentation studies conducted with pre-service teachers 

focus on teacher competency (Aydeniz & Özdilek, 2016; Ecevit & Kaptan, 2019; Ogan-

Bekiroglu & Aydeniz, 2013), competency for the subject of science (Öztürk, 2013), or 

on determining perceptions related to scientific argumentation (Lytzerinou & Iordano, 

2020; Sadler, 2006) and attitude for discussion ability (Ocak & Karakuş, 2015). In 

summary, although the effects of argument-based learning environments on pre-service 

teachers have been studied, it seems that it is not possible to determine how pre-service 

teachers’ self-efficacy for argumentation changes. Based on this, the aim of this study is 

to develop a “Self-Efficacy for Argumentation Scale” (SEAS) for pre-service teachers. 

The SEAS that is developed is of importance for a more extensive evaluation of 
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scientific arguments. Moreover, the SEAS is important because it is original in 

combining scientific argumentation and self-efficacy included in the literature. 

Method 

Study Group  

The study group consisted of 1st, 2nd, 3rd and 4th grade pre-service elementary 

teachers attending two public universities located in the Aegean Region in the spring 

semester of the 2018-2019 academic year (Table 1). The sample of the study consists of 

858 pre-service teachers (or teacher candidates) studying in the first, second, third and 

fourth classes of the Primary Education Department of Aydın Adnan Menderes 

University, Dokuz Eylül University, Muğla Sıtkı Koçman University, Pamukkale 

University and Afyon Kocatepe University. Convenience sampling is a method in which 

the researcher selects the participants herself/himself (Fraenkel et al., 2011). It can also 

be defined as choosing the sample from easily and accessible units that can be applied 

(Büyüköztürk, 2012). In the study, the sample was limited to the specified universities 

by considering the distance and time variables between the universities in the region and 

the city of Aydın. After the necessary permission for the research had been obtained, the 

scale was given to the pre-service elementary teachers specified in Table 1. 

 

Table 1 

Distribution of Study Group by Stages 

Stage of Study   Participants 

Pilot study stage      80 

Exploratory factor analysis  206 

Confirmatory factor analysis  307 

Criterion validity  216 

Test-retest  70 

Total  879 

Creation of Item Pool  

The theoretical framework of the SEAS was developed by considering 

Toulmin’s (1958) scientific argumentation model and the feeling competent, endeavor 

and determination subdimensions of self-efficacy (Pajares, 1997). According to 

Toulmin, while the basic components of scientific argumentation consist of the claim, 

data and warrant, when the arguments become more complex, the backing, qualifier and 

rebuttal components are also included in the process. Bandura (1994, 1997), who argued 

that individuals shape their actions according to their self-efficacy, stated that self-

efficacy is effective in individuals’ endeavors and their ability to continue their actions 

in a determined way. Therefore, the scale items were written according to the endeavor, 

feeling competent and determination subdimensions of self-efficacy, and were 

organized according to the components of argumentation (Fig. 1).  

While the items were being created, care was taken to ensure that they were 

clear and understandable, and that one item did not include more than one judgment 

(Karakoç & Dönmez, 2014). Since self-efficacy is concerned with an individual’s belief 
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in their competence to carry out an action, Bandura (2006) stated that it would be 

inappropriate for items related to self-efficacy to be negatively biased. 

 

Figure 1 

The Path Followed while Creating Item Pool 

 

  

For this reason, writing negative items was avoided. While the components of 

scientific argumentation and the subdimensions of self-efficacy were being combined, 

each component of scientific argumentation was combined with the subdimensions of 

self-efficacy. While writing the items for the claim component, items show that in a 

learning environment where this component is found, an individual feels competent, 

makes an effort, and shows determination while using this component. By taking all of 

these into account, 91 items were included in the created item pool. The scale items 

were prepared in such a way that candidates would respond according to a 5-point 

Likert-type scale, and are scored as “Strongly agree” (1), “Agree” (2), “Undecided” (3), 

“Agree” (4), and “Strongly agree” (5). 

Pilot Study Stage 

To check the comprehensibility of the 91-item scale, a pilot study was conducted 

with students in Classroom Teaching at the Elementary Education Department of Adnan 

Menderes University. For the pilot study of the SEAS, the 91-item scale was 

administered to 80 pre-service teachers. The teacher candidates were given 25 minutes 

for the implementation. During the implementations, the researcher stressed the 

difference between scientific argumentation and argument to the candidates, and after 

this explanation, the candidates responded to the items. The feedback that came from 

the candidates revealed that the items were understandable and that no problems had 

been experienced during the implementation of the scale. 

Data Analysis 

Studies related to the validity of the developed scale were evaluated by using 

content validity, construct validity and criterion validity. For content validity, the views 
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of 5 experts in the field of science education were obtained, while for construct validity, 

“Exploratory Factor Analysis” was performed. In order to check the constructs that 

emerged with the exploratory factor analysis of the scale, “Confirmatory Factor 

Analysis” was performed.  Criterion validity was enabled by using the “Perception 

Scale for Inquiry Learning Skills” developed by Taşkoyan (2008). 

The calculations for the reliability studies were made by examining the “Test-

Retest Method”, the “Cronbach Alpha Internal Consistency Coefficient”, and the “Item 

Discrimination” characteristic. For analysis of the items, the upper 27%-lower 27% 

group method was utilized. The data were analyzed using the SPSS 18.0 and Lisrel 8.80 

software programs. The data related to the validity and reliability of the “SEAS” that 

was developed for the study are included in the findings section. 

Ethical Procedures 

Ethical approval and written permission were obtained from the Educational 

Research Ethics Committee; Adnan Menderes University (dated 29.01.2019 and 

numbered 2019-02).  

Results 

Findings Related to Content Validity 

For content validity, to examine the candidate items created in terms of content, 

meaning and orthography, an “Expert Evaluation Form” was prepared and sent to five 

faculty members in the field of science education. The researchers were asked to make 

statements on the form as to the appropriateness or inappropriateness of the items and to 

add their views or suggestions. Following the evaluation, the number of items was 

reduced from 91 to 73 due to more than one item measuring the same characteristic or 

the inappropriateness of items for the targeted content on the scale. Again, in line with 

the expert views, items including more than one judgment statement for a single item, 

and items containing words that created ambiguity in a sentence or having an inverted 

structure in terms of meaning were amended. As a result, the scale’s construct validity, 

which was given its final form with 73 items, was ready to be tested. 

Findings Related to Construct Validity 

Construct validity can be defined as evidence that a measurement tool has 

measured the construct that it is intended to measure (Brown, 2000). One of the 

methods most frequently used to test construct validity is factor analysis (Büyüköztürk 

et al., 2016).  

Exploratory Factor Analysis  

To perform the exploratory factor analysis of the SEAS, the 73-item scale was 

administered to 206 pre-service elementary teachers studying at Adnan Menderes 

University. It was seen that the scale data exhibited normal distribution 

(Skewness=.173, Kurtosis=.024). To check the suitability of the data for factor analysis, 

the results of the Kaiser-Meyer-Olkin (KMO) coefficient and Bartlett sphericity tests 

were examined (Leech et al., 2005). By finding a KMO value of .94 for the group with 

whom the scale was implemented, it was determined that the sample size was adequate 

(Liu et al., 2021). By finding a Bartlett test result of .000, it was seen that the required 
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value had been achieved (Can, 2016; Leech et al., 2005). In the principal components 

analysis that was conducted to determine the factor structure of the scale, it was seen 

that a 15-factor structure appeared (Fig. 2).  

 

Figure 2 

Scree Plot Graph of SEAS with 15-Factor Structure 

 

 

 According to Fig. 2, these factors explain 72.795% of the variance. Varimax 

rotation was performed on the 15-factor structure created, and items with values below 

.45 and items having a difference of less than .10 between factor loadings loaded on 

more than one factor were removed from the scale (Büyüköztürk, 2018). As a result, 49 

items that did not conform to the criteria were removed from the scale. Consequently, a 

three-factor structure consisting of 24 items was obtained, and since items forming the 

first factor gathered items in the form of “I endeavour” and “I strive”, it was considered 

appropriate to name this item effort for argumentation; since the second factor gathered 

items in the form of “I feel competent” and “I am confident”, it was considered suitable 

to name this item confidence for argumentation; and since the third factor gathered 

items in the form of “I carry on working” or “I do not give up”, it was considered 

appropriate to name this item determination for argumentation.   

Confirmatory Factor Analysis 

Following the exploratory factor analysis, confirmatory factor analysis was 

performed for the 24-item scale in order to test the model that was created. To test the 

three-factor structure of the developed scale, the confirmatory factor analysis was 

carried out with data obtained from pre-service science teachers studying at Adnan 

Menderes University and 307 pre-service classroom teachers studying at Muğla Sıtkı 

Koçman University. The analysis results for these data were calculated as x2/sd=1.97 

RMSEA=.068, GFI=.84, CFI=.97, IFI=.97, NFI=.94, RMR=.036, SRMR=.063, and 

NNFI=.97. In addition, the correlation coefficients between the factors were examined, 

and the correlation between the scores obtained from the effort for argumentation and 

confidence for argumentation factors was determined to be .60 and significant (p<.001). 
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However, the correlation between the scores obtained from the determination for 

argumentation factor and the scores obtained from the effort for argumentation and 

confidence for argumentation factors was calculated.10. When the factor-item 

correlations are examined, the factor-item correlations for all items included in the 

effort for argumentation and confidence for argumentation factors were significant at a 

level of .05, while these correlations were not significant for the determination for 

argumentation factor (p>.05). As a result, it was concluded that the three-factor 

structure obtained was not valid, and the three items belonging to the determination for 

argumentation factor were removed from the scale. To test the validity of the two-factor 

structure consisting of the effort for argumentation and confidence for argumentation 

factors, confirmatory factor analysis was again performed on the data obtained from 216 

pre-service elementary science teachers attending Adnan Menderes University. The 

goodness-of-fit values obtained from the repeated confirmatory factor analysis are 

reported in Table 2. 

 

Table 2 

Results of Confirmatory Factor Analysis of Two-Factor Structure 

Evaluation Criteria Results 

X2/ sd 2.62 

RMSEA .07 

CFI .91 

RMR .01 

SRMR .05 

NFI .86 

IFI .91 

NNFI .90 

GFI .87 

 

 Examination of Table 2 shows that by determining the X2/sd value as below 3, 

the RMSEA value as .07, and the RMR and SRMR values as .05 and below, a good 

level of fit was obtained. Moreover, the fact that the NFI, NNFI, IFI, CFI and GFI 

values were determined to be very close to .90 or above .90 indicates that a good degree 

of fit was achieved (Bentler & Bonnet, 1980; Browne & Cudeck, 1989; Byrne, 1998; 

Hu & Bentler, 1999; Schumacker & Lomax, 2004). Fig. 3 shows the path diagram for 

the confirmatory factor analysis of the SEAS. 
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Figure 3 

Path Diagram for Confirmatory Factor Analysis of SEAS 

 

 Note: (F1: Effort for argumentation; F2: Confidence for argumentation) 

 Item Loading Values of Factors  

The factor named effort for argumentation consists of 11 items. The factor 

loadings of the items included in this factor range between .610 and .844. This factor 

explains 31.076% of the variance with an eigenvalue of 6.526. The factor named 

confidence for argumentation consists of 10 items. The factor loadings of the items 

included in this factor range between .650 and .790 (Table 3). This factor explains 

27.438% of the variance with an eigenvalue of 5.762. The final version of the scale 

consisting of 21 items explains 58.51% of the variance. 

 

Table 3 

Item Loading Values of SEAS 

Items Confidence for Argumentation Effort for Argumentation 

I 60 .790  

I 58 .769  

I 33 .736  

I 27 .734  

I 42 .731  

I 2 .702  

I 38 .681  
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I 28 .667  

I 22 .655  

I 8 .650   

I 13  .844 

I 14  .839 

I 15  .826 

I 12  .815 

I 17  .766 

I 18  .732 

I 31  .723 

I 4  .657 

I 29  .632 

I 34  .612 

I 24  .610 

 

Findings Related to Criterion Validity 

  For the criterion validity of the scale, the “Perception Scale for Inquiry Learning 

Skills” developed by Taşkoyan (2008) was used. To determine whether the SEAS had 

criterion validity, the 21-item scale was administered to 216 pre-service science teachers 

attending the Science Teaching Department of Adnan Menderes University Education 

Faculty. The relationship between the scores obtained by the candidates from the 

Perception Scale for Inquiry Learning Skills and the scores they obtained from the effort 

and confidence factors of the SEAS was examined with the Pearson product moment 

correlation coefficient. The results obtained are presented in Table 4. 

 

Table 4 

Correlation of SEAS with Perception Scale for Inquiry Learning Skills 

Factors Perceptions of Inquiry Learning Skills 

Effort for argumentation .66 

Confidence for argumentation .61 

General Scale .66 

*p<.001 

  

According to Table 4, the correlation coefficients obtained are moderate and 

significant (Köklü et al., 2007). This shows that the validity of the SEAS conformed 

with the tested criterion. 

 Findings Related to Test-Retest Method 

 For the reliability study of the scale, the test-retest method was used. The scores 

obtained with this method show how consistent they are (Table 5, Büyüköztürk et al., 
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2016). The test-retest was implemented with a different study group. 70 pre-service 

classroom teachers attending Adnan Menderes University were required to voluntarily 

use assigned names, and one month after the first implementation was made, the test 

was implemented for a second time with the same group. During the second 

implementation, some pre-service teachers either forgot their assigned names or did not 

participate in the second implementation. Therefore, by excluding 16 teacher candidates 

from the study, the data of the remaining 54 pre-service teachers were analyzed with the 

Pearson’s correlation coefficient. 

 

Table 5 

Test-Retest Results for SEAS 

Subdimensions N R 

Effort for argumentation 54 .704** 

Confidence for argumentation 54 .662** 

General mean  54 .696* 

** p<.001, *p<.05 

 Findings Related to Cronbach Alpha Reliability Coefficient 

One of the reliability studies of the scale was made by calculating the Cronbach 

alpha reliability coefficient. This method is used to test the reliability of test scores, and 

is especially used in cases where responses are obtained from a rating scale. It shows the 

extent to which the test items are consistent with the general measurement 

(Büyüköztürk et al., 2016). Karakoç and Dönmez (2014) and Fraenkel et al. (2011) 

stated that the calculated coefficient should be at least .70 of the general acceptance. 

According to George and Mallery (2016), the closer the alpha is to 1, the higher the 

internal consistency of the scale. While a Cronbach alpha reliability coefficient of .93 

was found for the general scale, the reliability coefficients of the effort for 

argumentation and confidence for argumentation factors were determined to be .92 and 

.91, respectively (Table 6). The obtained values indicate that the reliability coefficients 

of the general scale and its subdimensions are “excellent” according to George and 

Mallery (2016). 

 

Table 6 

Cronbach Alpha Reliability Coefficient for the Scale 

Subdimensions Number of Items Cronbach’s Alpha 

Effort for argumentation 11                           .92 

Confidence for argumentation 10                .91 

General scale 21                .93 

  Findings Related to Item Discrimination 

To determine the item discrimination strength of the scale, the lower 27% and 

upper 27% groups formed according to the total scores of the test were determined. 

Then, to reveal whether the difference between the mean scores of the lower 27% group 
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(n=56) and the upper 27% group (n=56) was significant, independent groups t-test was 

performed. The p value of Levene’s test, which checks the equality of the group 

variances, was found to be .582. Therefore, since p>0.05, the variances were accepted 

as equal. As a result of the t-test that was performed between the lower and upper 27% 

groups, a statistically significant difference was determined between them (t(110)= 23.29, 

p<.001). A significant difference found between lower and upper groups indicates that 

the item discrimination of the measurement tool is high.  

Furthermore, to determine the extent to which the discrimination of each item in 

the scale was adequate in terms of the characteristic that it measured, t-test for 

independent groups was performed in the lower and upper 27% groups for each item. 

The results are shown in Table 7. 

 

Table 7 

Independent T-test Results between Item-Total Correlations of Factors of SEAS and 

Lower 27% - Upper 27% Scores 

 Subdimensions 
Item No. 

Item-Total (Upper 27%  

Lower 27%) Correlation 

t-Value 

for Items 

 

 

 

 

 

 

 

 

Effort for argumentation 

2 .734 2.226* 

5 .674 1.936* 

6 .688 1.803* 

8 .634 2.755* 

12 .541 2.653* 

14 .607 4.536** 

16 .664 3.601** 

17 .684 3.423* 

18 .632 2.602* 

19 .616 3.200* 

21 .663 2.157* 

Confidence for argumentation 

1 .497 3.824** 

3 .565 4.490** 

4 .601 4.737** 

7 .568 2.901* 

9 .696 5.626** 

10 .578 1.777* 

11 .632 2.941* 

13 .693 4.430** 

15 .650 3.710** 

20 .632 2.956* 

*p<.05, **p<.001 
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As a result of the analysis, significant differences were found between the upper 

27% and lower 27% groups for all items (p<.05, p<.001). Accordingly, it can be said 

that every item in the scale is discriminatory in measuring the characteristic that is 

desired to be measured. 

Discussion and Conclusion 

In this study, a validity and reliability study of the Self-Efficacy for 

Argumentation Scale for pre-service classroom teachers has been made. Studies 

examining the self-efficacy of pre-service teachers in argumentation environments 

within the scope of socio-scientific subjects determine candidates’ self-efficacy for 

arguments requiring knowledge in a certain field (Çetin et al., 2014; Iordanou & 

Constantinou, 2014). However, since the SEAS developed in this study can measure 

pre-service classroom teachers’ self-efficacy independently of their field knowledge, it 

is suitable for use by researchers in both experimental and survey-type argumentation-

related studies in which different field knowledge is included. On the other hand, since 

studies conducted to improve pre-service teachers’ self-efficacy for argumentation 

(Ogan-Bekiroglu & Aydeniz, 2013; Özdem et al., 2013) deal with argumentation as a 

teaching skill, it is not directly known how the candidates’ self-efficacy for 

argumentation changes. For this very reason, it is considered that the SEAS will 

contribute to the literature, since it aims to measure pre-service teachers’ self-efficacy 

for argumentation with regard to their effort and confidence.   

To ensure the validity of the scale, content validity and construct validity were 

tested. While content validity was enabled with five faculty members who were experts 

in the field, exploratory and confirmatory factor analysis were used for construct 

validity. While the results of the exploratory factor analysis revealed a three-factor 

structure, namely effort for argumentation, confidence for argumentation and 

determination for argumentation, the results of the confirmatory factor analysis revealed 

a two-factor structure in the form of effort for argumentation and confidence for 

argumentation. Moreover, for the scale validity, correlation between two scales was 

calculated using the Perception Scale for Inquiry Learning Skills (Taşkoyan, 2008). 

While the correlation of the effort for argumentation factor with the Perception Scale for 

Inquiry Learning Skills was .66, the correlation of the confidence for argumentation 

factor with the scale was .61. It was determined that the .66 correlation between the 

SEAS and the Perception Scale for Inquiry Learning Skills was moderate and 

significant (Köklü et al., 2007). For the reliability analyses of the scale, the test-retest 

method was applied. Accordingly, by observing that the correlation coefficients based 

on the general scale and its subdimensions were moderate and significant, it was 

determined that the scale has a consistent structure. Cronbach alpha internal consistency 

coefficients were calculated as .93 for the general scale, .92 for effort for argumentation, 

and .91 for confidence for argumentation, respectively, and consequently, it was 

determined that the internal consistency is very high (George & Mallery, 2016). 

Furthermore, by determining that there was a significant difference between the lower 

27% group and upper 27% group, it was seen that the item discrimination of the 

measurement tool was high. The lowest and highest scores that can be obtained from the 

scale are 21 and 105, respectively. It takes approximately 10 minutes to respond to the 

scale.  
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While Pajares (1997) noted that feeling competent, making an effort and 

showing determination are dimensions of self-efficacy, Bandura (1994, 1997) stated that 

individuals shape their actions according to their self-efficacy and that their self-

efficacy is effective for their endeavours and continuing their actions in a determined 

way. Taking this framework into consideration, the effort and confidence 

subdimensions of the SEAS conforms to the constructs put forward for explaining self-

efficacy. However, since the scale does not include a determination factor for self-

efficacy, researchers may feel the need to collect additional data when applying it. In 

this way, it will be possible to ascertain how determined candidates are to overcome 

difficulties they encounter in learning environments or how sustainable their desire to 

learn is. Together with this limitation, considering that in the literature, argumentation 

and self-efficacy are each discussed as separate study topics in both experimental and 

survey-type studies, it is recommended that researchers who wish to deal with the two 

study topics together use the SEAS. The final version of the scale is presented in 

Appendix 1. 

Implications 

If pre-service teachers’ self-efficacy is considered as individual characteristics, 

these characteristics are also related to behavior and the environment. Therefore, apart 

from individuals’ perceptions, what they know about argumentation can be determined 

with data obtained directly from argumentation-based learning environments, since the 

presence or absence of argumentation-based instruction in the classroom environment in 

which an individual is found can affect that individual’s level of knowledge and 

therefore, his/her self-efficacy. For this reason, it is considered necessary also to 

investigate how pre-service teachers perceive the classroom environment for 

argumentation and what kind of environment they are actually involved in.   
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Appendix 1: 

Tartışmaya Yönelik Öz-yeterlik Ölçeği 
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1. Elimdeki verileri kullanarak iddia oluşturmada kendimi yeterli 

hissederim. 
     

2. İddiamı desteklemek için veri toplamaya gayret ederim.      

3. İddiama uygun bir araştırmayı tasarlamada kendime güvenirim.      

4. Farklı destekleyiciler arasından iddiama en uygun olanı seçmede 

kendime güvenirim. 
     

5. İddiamı destekleyen en uygun veriyi bulmaya gayret ederim.      

6. Topladığım verilerden iddiam ile ilgili çıkarımlar yapmaya 

gayret ederim. 
     

7. Önceki bilgilerimden çıkarımlar yaparak yeni bilgiler 

oluşturmada kendime güvenirim. 
     

8. İddiama kanıt oluşturmak için topladığım veriler arasında 

karşılaştırma yapmaya gayret ederim. 
     

9. İddiama yönelik oluşturduğum kanıtları iyileştirme konusunda 

kendime güvenirim. 
     

10. Önceki bilgilerimden çıkarımlar yaparak iddiam üzerine 

düşünmeye gayret ederim. 
     

11. Destekleyicilerin iddiamı nasıl güçlendirdiğini açıklamada 

kendime güvenirim. 
     

12. İddia oluşturmak için kuvvetli veriler toplamaya gayret ederim.      

13. İddiamı bilimsel gerçeklerle karşılaştırma konusunda kendime 

güvenirim. 
     

14. İddiam ile topladığım veriler arasında bağlantı kurmak için 

sabırla çalışmaya devam ederim. 
     

15. Topladığım veriler ile iddiamı ilişkilendirebilme konusunda 

kendime güvenirim. 
     

16. Tartışmada öne sürülen iddiaların kabul edilebilir olup 

olmadığını anlamaya gayret ederim. 
     

17. İddiamı uygun verilerle desteklemek için mücadele ederim. 
     

18. İddiama yönelik oluşturduğum kanıtlar yetersiz gelirse, 

iyileştirmek için çaba gösteririm. 
     

19. İddiamı oluşturmak için bilimsel kaynaklardan veri toplamaya 

gayret ederim. 
     

20. İddiamın doğruluğunu savunmak için kendime güvenirim. 
     

21. İddiama kanıt oluşturmak için veri toplamaya gayret ederim.      
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