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Abstract

The purpose of this study is to develop a reliable and safe scale for determining the self-efficacy levels of science
teachers in the teaching of astronomy subjects. The study used a survey approach, which is a qualitative research
method. The study was conducted with a total of 106 science teachers working in the secondary schools of Ordu
city centre and the surrounding towns during the academic year 2016-2017. While forming the item pool of the
scale, scale development studies within the context of teacher self-efficacy and the special field competencies of
science and technology teachers determined by MOE (2008) was used. In addition, the compositions written by
eight science teachers outside the study group about the teaching of astronomy were also used for item pool. For
the content validity of the scale, an expert opinion form was prepared to assess the content validity rate and
kappa coefficient of agreement, and this was presented to six faculty members in the science teaching
department. The construct validity of the scale was investigated via exploratory factor analysis (EFA) and
confirmatory factor analysis (CFA). The results of EFA showed that the scale construct included a total of three
factors and 13 questions, and explained 70.60% of the total variance. CFA results showed that the chi-squared
value and the degrees-of-freedom rates (x*/sd = 1.67) were perfect, and the other fit indices showed a good fit
(GFI = 0.86, CFI = 0.94, NNFI = 0.92, IFI = 0.94, SRMR = 0.08 and RMSEA = 0.06). The results of the
reliability analysis showed that the Cronbach’s alpha reliability coefficient was 0.84 for the whole scale, 0.90 for
“student outcomes through astronomy teaching” factor, and 0.83 for both “astronomy teaching strategies” factor
and “difficulty in astronomy teaching” factor. In conclusion, the results obtained showed that “Astronomy
Teaching Self-Efficacy Belief Scale” can be used as a valid and reliable assessment instrument.
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1. Introduction

In terms of pupils’ learning and development, personal beliefs about their teaching behavior as well as
professional knowledge and skills of teachers are important. Teachers’ beliefs about teaching competences are
closely related to performances in the teaching process. Self-efficacy belief is one of the personal beliefs that
directly influence the performance that teachers will exhibit to attain certain goals.

Self-efficacy is defined as “one’s beliefs in one’s capabilities to organize and execute the courses of action
required to produce given attainments” (Bandura, 1997, p. 3). Bandura (1977) mentioned the self-efficacy
concept for the first time in his social cognitive learning theory based on a behaviour change mechanism. On the
basis of social-cognitive learning theory, teacher self-efficacy beliefs are consistently associated with student
outcomes and effective teaching behaviors (Henson, 2001).

Bandura bases his theoretical self-efficacy model on two basic components: “outcome expectancy (is defined as
a person’s estimate that a given behaviour will lead to certain outcomes) and efficacy expectation (is the
conviction that one can successfully execute the behaviour required to produce the outcomes)” (Bandura, 1977, p.
193). These constructs proposed by Bandura on self-efficacy (efficacy expectation and outcome expectation)
form a theoretical framework in studies about teacher self-efficacy.

According to Tschannen-Moran, Woolfolk-Hoy, & Hoy (1998), teacher self-efficacy is the teacher’s belief about
his or her ability to organize and carry out the acts required to successfully perform a specific teaching task in a
particular field. According to Ross & Bruce (2007), teacher self-efficacy is a teacher’s expectancy that he or she
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can make the students learn. According to this definition, it can be said that teachers’ self-efficacy beliefs about a
specific subject will be reflected in their classroom behaviours. There are many studies in the literature which
show that there is a direct association between teachers’ self-efficacy beliefs and student outcomes such as
achievement, attitude, motivation, self-efficacy, etc. There are many studies showing a strong association
between teachers’ self-efficacy beliefs and student outcomes (achievement: Ross & Bruce, 2007, motivation:
Midgley et al., 1989; Ford, 2012 and attitude: Show-Alter, 2005). Friedman & Kass (2002) stated that teachers’
self-efficacy beliefs are fundamentally associated with teaching performance. In addition, according to the
results of class observations conducted by Gibson & Dembo (1984), there are differences between the classroom
behaviours (the amount of time allocated to academically oriented and whole-class instruction, teachers’ lack of
persistence in cases of failure, etc.) of teachers with low and high self-efficacy beliefs.

There is a close association between teachers’ self-efficacy beliefs and the strategies, methods and classroom
practices they use during educational activities (Azar, 2010). In addition, it has been stated that teacher
self-efficacy belief is an important construct which can influence teachers’ professional development efficiency
and can also influence how a new curriculum will be applied (Blonder et al., 2014)

Individuals’ self-efficacy beliefs about a subject influence how they think, how they feel, how they act and how
they motivate themselves in every field of their lives (Bandura, 1997). Studies show that teachers with high
self-efficacy demonstrate more effective teaching behaviours, are more successful in teaching
(Tschannen-Moran, Woolfolk Hoy, & Hoy, 1998), allocate more time to academically oriented activities in their
classroom, help students who have difficulties in learning to succeed and motivate such students (Gibson &
Dembo, 1994), show more consistent behaviours in cases of failure (Protheroe, 2008) and are more prone to use
questioning-based teaching methods and cooperative learning activities (Gavora, 2010). On the other hand, it has
been observed that teachers with low self-efficacy beliefs spend more time on non-academic pursuits, criticize
their students more negatively when they fail and when they ask a question directed to a particular student, tend
to ask another student without waiting for the first student to find the right answer, or else they just ask another
question (lack of persistence) (Gibson & Dembo, 1984).

A large number of researchers from the end of the 1970s to the present day have used Bandura’s (1977) social
cognitive theory to explain differences in teachers’ practices and students’ success (Roberts & Henson, 2000).
For this reason, many researchers have measured teachers’ self-efficacy based on the two-factor theoretical
model of self-efficacy (self-efficacy and outcome expectancy) put forward by Bandura. One of the first
measurement instruments to measure the self-efficacy beliefs of teachers, the “Teacher Efficacy Scale” (TES)
was developed by Gibson & Dembo (1984). This scale, which was developed to measure the teacher
self-efficacy beliefs of primary school teachers, consists of a total of 16 items and two sub-factors (factor 1 is
personal teaching efficacy and factor 2 is general teaching efficacy or outcome expectancy). The Cronbach’s
alpha reliability coefficient is 0.79 for the whole scale, 0.78 for the personal teaching efficacy factor and 0.75 for
the teaching efficacy factor.

Riggs & Enochs (1990) tried to show that teacher self-efficacy is a special field of study and a special situation.
Within this context, they discussed the two dimensions of teacher self-efficacy in the literature (teaching efficacy
or outcome expectancy and personal teaching efficacy or self-efficacy). They developed the “Science Teaching
Efficacy Beliefs Instrument” (STEBI—Form A) based on Gibson & Dembo’s (1984) two-factor TES. This
instrument, which was developed to measure the self-efficacy beliefs of primary school teachers towards science
education, included a total of 25 items and two factors. The Cronbach’s alpha reliability coefficients were 0.92
for personal science teaching efficacy belief and 0.77 for science teaching outcome expectancy.

Bandura (1981) stated that the self-efficacy belief is a special situation rather than a general construct (cited from
Riggs & Enochs, 1990). Pajares (1996) stated that self-efficacy scales which cover a general subject have low
predictability for behaviours which belong to a specific field. Especially in the case of primary school teachers, a
measurement instrument which addresses a specific subject can be more informative about the teacher’s
self-efficacy belief (Riggs & Enochs, 1990). Within this context, scales have also been developed or adapted to
determine the self-efficacy of teachers regarding the more specific field of science teaching (physics teaching:
Barros et al., 2010, chemistry teaching: Morgil et al., 2004, biology teaching: Kiremit, 2006, environmental
education: Sia, 1992; Ozdemir et al., 2009 and astronomy teaching: Giines, 2010). For instance, in their study,
Barros et al. (2010) developed a scale which included a total of 18 items and two sub-factors to measure the
physics instruction self-efficacy beliefs of secondary education physics teachers in Brazil. In their scale
development study, Barros et al. (2010) adapted the items of Woolfolk & Hoy (1990) and Riggs & Enochs
(1990). The personal efficacy belief of physics teachers, which is one of the sub-factors of the developed scale,
includes special items about science instruction and other subjects relating to the teaching of physics (for
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example, experimentation, conceptual structure and mathematical formalism). The Cronbach’s alpha reliability
coefficient of this factor, which included a total of nine items, was 0.78. General efficacy belief in physics
teaching, which is the other sub-factor of the scale, includes general items which aim to measure the self-efficacy
beliefs of teachers with respect to physics instruction. The Cronbach’s alpha reliability coefficient of this factor,
which included a total of nine items, was 0.61.

Tschannen-Moran & Woolfolk-Hoy (2001) developed the “Teachers’ Sense of Teacher Efficacy Scale” TSTES
(also called the Ohio State Teacher Efficacy Scale), which has two forms: a long and a short form. Both scale
forms consist of three factors: instructional strategies, classroom management and student engagement. The
TSTES short form consists of 12 questions, with a Cronbach’s alpha reliability coefficient of 0.90, while the
long form consists of 24 questions, with a Cronbach’s alpha reliability coefficient of 0.94.

Although there are many scale development studies in the literature about the science teaching self-efficacy
beliefs of teachers or prospective teachers (Riggs & Enochs, 1990; Roberts & Henson, 2000, Ritter et al., 2001;
Kaya et al., 2014), no measurement instrument was found which aimed to determine the self-efficacy beliefs of
in-service science teachers about the teaching of astronomy subjects. However, Giines (2010) developed the
“Astronomy Instruction Self-Efficacy Belief Scale” to determine the self-efficacy beliefs of pre-service teachers
about astronomy instruction. In his study, Giines (2010) changed the word “science” to the word “astronomy” in
the items of the “Science Teaching Self-Efficacy Belief Scale” developed by Riggs & Enochs (1990) and
adapted into Turkish by Ozkan et al. (2002). The validity and reliability studies on the scale (which consisted of
a total of 23 items and two factors) were conducted on prospective teachers of science and social studies. The
Cronbach’s alpha reliability of the scale and its sub-factors were 0.80 for the whole scale, 0.87 for astronomy
instruction personal self-efficacy and 0.78 for astronomy instruction expectations.

In conclusion, it can be seen from the scale development studies in the literature (Gibson, 1983) that teacher
self-efficacy belief has a multidimensional structure consisting of at least the two sub-dimensions of personal
teaching efficacy and general teaching efficacy.

1.1 The Rationale and the Purpose of the Study

It has been found that in subjects related to astronomy, which is a specific field in science lessons, students have
too many basic misconceptions or they have low conceptual comprehension (Baxter, 1989; Zeilik et al., 1997;
Diakidoy & Kendeou, 2001; Agan, 2004; Pefla & Quilez, 2001; Plummer & Zahm, 2010). When it is considered
that the most important factor influencing student outcomes is the effectiveness of the teacher’s classroom
behaviours (Rodger et al., 2007; Ali-Shah, 2009) and that self-efficacy belief is a construct which directly
influences teachers’ instructional behaviours (Bandura, 1977). It can be concluded that the main factor
underlying this situation may be the low self-efficacy beliefs of teachers regarding astronomy subjects. Thus, in
order to improve science teachers’ self-efficacy beliefs about the teaching of astronomy subjects, their existing
self-efficacy belief levels should first be determined.

When the literature is reviewed, it is found that the astronomy instruction self-efficacy belief scale (Giines, 2010)
is adapted from a widely used scale which was developed to discover the self-efficacy beliefs of prospective
teachers. However, the fact that this scale has cultural differences means that there is a need for a specific
assessment instrument to discover the self-efficacy beliefs of science teachers about astronomy teaching. For
these reasons, this study aims to develop a valid and reliable assessment instrument which measures the
self-efficacy beliefs of science teachers in the teaching of astronomy subjects. In addition, it was also taking into
consideration the special field competencies of science and technology teachers determined by MOE (2008).
Thus, it is hoped that this scale will be used as an assessment instrument for discovering the self-efficacy belief
levels of teachers.

2. Method

In this study, survey research, one of the qualitative research methods, was used (Fraenkel, Wallen & Hyun,
2012). The survey method was used since the research aims to define the self-efficacy beliefs of science teachers
via as many individuals as possible.

2.1 Research Group

A total of 106 science teachers (57 women and 49 men) working in the province and towns of Ordu during the
2016-2017 academic year participated in the study voluntarily. The sample for the research was chosen using the
convenience sampling method, which is easy to access and practical (Fraenkel et al., 2012).
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2.2 Development Stages of Astronomy Teaching Self-Efficacy Belief Scale (ATSBS)

The development process of the scale was based on the scale development steps of DeVellis (2014) and Seger
(2015).

2.2.1 Specification of the Construct to Be Measured

When the studies in the literature were examined, the existing shortcomings were found, and the present study
aimed to develop a more reliable and valid self-efficacy belief scale regarding the teaching of basic astronomy
subjects.

2.2.2 Forming the Item Pool

For the ATSBS to be developed, studies on self-efficacy were first researched. Scale development studies in the
literature on self-efficacy beliefs in science instruction (Riggs & Enochs, 1990; Ritter et al., 2001; Friedman &
Kass, 2002) were reviewed. In addition, items which specified the self-efficacy beliefs of teachers were noted by
making use of the special field competencies of science and technology teachers determined by MOE (2008).
Eight science teachers outside the research group were asked to write a composition on their opinions,
behaviours and beliefs about the teaching of astronomy subjects. Content analysis was conducted on the
teachers’ expressions in their texts about self-efficacy beliefs, and added to the item pool of ATSBS. As a result
of the literature review, the examinations of the special field competencies of science and technology teachers
determined by MOE (2008) and the teachers’ compositions, the item pool was created with a total of 64
items—45 positive and 19 negative.

2.2.3 Determination of the Measurement Format

Since the classification level and the sensitivity decrease as the number of categories in a scale decreases, and
since it becomes more difficult to discriminate as the number of categories increases, it was considered
appropriate to prepare the items of the scale in a five-point Likert format. In the answers to the items in the
ATSBS, one point was given to answers “I don’t agree at all”, two points were given to answers “I rarely agree”,
three points were given to answers “I sometimes agree”, four points were given to answers “I mostly agree”, and
five points were given to answers “I completely agree” for positive items. However, the scale consisted of both
positive and negative items to ensure the consistency of the answers given by the participants regarding the
construct, and to prevent the partiality for giving positive answers to items. The participants’ answers to the
items were entered into the SPSS program after the pilot application, and the negative items were transformed
via reverse coding, i.e., (1—5), (2—4), (3—3), (4—-2), (5—1).

2.2.4 Review of the Pilot Scale by Experts

Before the pilot application of the scale, the draft of the ATSBS was examined by six faculty members of the
science teaching department. Firstly, an “expert opinion form” developed within the context of the research was
used to elicit opinions and suggestions about whether the draft scale enclosed the theoretical construct. This form
was developed to include parts enabling the experts to make their assessments according to Lawshe’s (1975)
content validity ratio (CVR) and Polit, Beck, & Owen’s (2007) kappa coefficient of agreement formula. In the
first part of the form, the experts were asked to assess each item of the draft scale as “necessary” “sufficient but
should be corrected” or “unnecessary”. According to these criteria, each item’s content validity index (CVI),
probability of chance (Pc) and kappa coefficient of agreement (k) values were calculated using Lawshe’s (1975)
method for the content validity ratio (CVR) and Polit, Beck and Owen’s (2007) kappa statistic formula. It was
decided that the items which had zero or negative values of CVR calculated from the assessments of the experts
(Yurdagiil, 2005) and which had a kappa coefficient of agreement between 0.00 and 0.20, should be excluded
from the scale (Fleiss, 1981).

In the second part of the form, the experts were asked to give their suggestions about items which should not be
excluded but should be corrected. As a result, a draft scale consisting of a total of 41 items, (29 positive and 12
negative), was formed for the pilot application. Following this, the items were checked by a faculty member of
the Turkish teaching department in terms of being simple, understandable and grammatically correct. In line with
the opinions of the language expert, some of the items in the draft scale were edited.

2.2.5 Pilot Scale

Before the pilot scale was finalized, a pre-pilot scale was used with 10 science teachers other than those in the
research group, in order to identify items which were difficult to understand and to measure the average time
required to complete the whole scale. According to the feedback from these teachers, it was found that the scale
was not difficult to understand, and the period of time required for answering the scale was about 30-35 minutes.
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Finally, participant instructions and a personal information form were added to the scale, forming the final pilot
scale.

For factor analysis, the pilot scale was applied to 113 volunteer science teachers working in the province and
towns of Ordu during the 2016-2017 academic year. After the scale was implemented, the scale forms which
included random answers, unanswered items or multiple answers, were not entered into the SPSS program and
the analyses were conducted on the data from a total of 106 participants.

2.2.6 Validity, Reliability and Item Analysis Studies

Reliability analysis was conducted on the ATSBS as a whole scale and on its sub-dimensions by calculating the
Cronbach’s alpha reliability coefficients. Construct validity was examined with content validity and factor
analyses by taking experts’ views. In addition, item analysis was conducted with item-total correlation and with
an independent groups t-test, in order to determine whether there was a difference between the scores of the
items in the lower and upper groups of 27%.

After the exploratory factor analysis (EFA) of the scale was conducted with the help of the SPSS 22.0 program,
confirmatory factor analysis (CFA) was conducted using the LISREL 8.51 program. The EFA and the CFA of
the scale were both undertaken with the same research group data.

3. Results
3.1 Results of Factor Analysis

Construct validity gives proof about how well the scale measures the concept (factor) which is intended to be
measured (DeVellis, 2014). In this study, two kinds of factor analyses were applied to obtain proof about the
construct validity of the ATSBS. First, the factor structure of the developed scale was identified, and then CFA
was used to test whether the EFA and the determined item-factor structure were consistent.

The varimax technique was applied in EFA (Can, 2014). In order to test the suitability of the data structure in
EFA, the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett’s test of sphericity results
were examined (Table 1).

Table 1. The results of KMO and Bartlett’s test of sphericity

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.79

Bartlett's Test of Sphericity Approx. chi-Square 615.10
df 78
Sig. 0.000

A KMO value of between 0.5 and 0.7 shows that the sample size is sufficient (Can, 2014). Table 1 shows that
the KMO sample sufficiency level was 0.79 and Bartlett’s test resulted in a chi-squared value (2(7g)= 615.10; p <
0.001) that was statistically significant. These results show that the sample size of the data is suitable for factor
analysis and that the data originate from a multivariate normal distribution (Kaiser, 1974). In conclusion, since
these two examined premises are met, it means that there is a suitable quantity of data and thus they are suitable
for EFA (Tabachnick & Fidell, 2007).

Principal component analysis (PCA), (a factorization method) and varimax vertical rotation techniques, (a
rotation technique), were used to show the factors under which the items were grouped. Following the rotation,
the distributions of the items to the factors, factor loads, common variations, averages and standard deviation
values are given in Table 2.
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Table 2. The results for the factor structure of ATSBS after varimax rotation

Factor Loadings

Item Direction Item No. Extraction
1st Factor 2nd Factor 3rd Factor
+ 32 0.91 0.84
+ 37 0.83 0.78
+ 33 0.79 0.79
+ 36 0.78 0.34 0.78
+ 39 0.74 0.68
+ 17 0.83 0.71
+ 12 0.79 0.68
+ 19 0.75 0.68
+ 16 0.36 0.74 0.70
- 30 0.84 0.76
- 15 0.84 0.70
- 3 0.78 0.64
- 1 0.77 0.62
Eigenvalues 3.56 2.83 2.79 Total
% of Variance 27.40% 21.76% 21.44% % of Variance: 70.60%
Item No. 5 4 4 Total Item No.: 13

Note. Suppress absolute values less than 0.32.

Following the varimax rotation, the items in the scale were analysed in terms of the criteria of having a factor
load value of 0.32 or lower and being an overlapping item (an item having load value differences of less than
0.10 under more than one factor) (Cokluk et al., 2016). In the pilot form of the ATSBS, 28 items (items 2, 4-11,
13, 14, 18, 20-29, 31, 34, 35, 38, 40 and 41) which were found to have these two properties were excluded from
the scale in the light of expert opinions. As a result of excluding these items from the analysis, it was found that
the remaining 13 items were grouped into three factors with eigenvalues greater than unity, and that the total
contribution of the determined factors to the variance was 70.60%. The factors of a scale are expected to explain
at least 52% of the total variance (Henson and Roberts, 2006), and according to this result, it can be said that
there is a high level of explained variance. In addition, in terms of factor load, it was found that items in the first
factor had values between 0.74 and 0.91, items in the second factor had values between 0.74 and 0.83, and items
in the third factor had values between 0.77 and 0.84. According to this result, it can be said that the items in the
scale were all highly associated with the relevant factor and the scale had a strong construct. It was found that the
common variance values of the items in the ATSBS were between 0.62 and 0.84. If an item’s common factor
variance is close to unity, this shows that the item’s contribution to the variance is high, while if it is close to
zero it shows that the contribution is low (Cokluk et al., 2016). Therefore, in this case, the contribution of the
items in the scale to the variance was high.

At the stage of assigning factors or deciding on the number of factors, more than one technique can be used.
Scree plot analysis, which is one possible technique, highlights important ideas about the factor construct of the
scale (Stevens, 2002). When the scree plot is examined, each gap between two points represents a factor, and
factors which decrease rapidly are associated with important factor numbers (Field, 2009). The scree plot shows
that the scale has three factors (Figurel).
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Figure 1. The scree plot of ATSBS after varimax rotation

After EFA was implemented, CFA was implemented to examine whether the determined ATSBS confirmed the
factor construct. In the CFA analysis conducted with the LISREL 8.51 program, modifications were made to
some of the items in the scale (17-32 and 32-33). Following the modifications, the fit indices of the scale which
were found to have a total of three factors and 13 items are given in Table 3, while path diagram is shown in
Figure 2.

Table 3. Model fit indices obtained from the CFA result

¥ df x2/df Sig. GF1 AGFI CFI NNFI IFI SRMR RMSEA
97.00 72 1.35 0.000 0.86 0.79 0.94 0.92 0.94 0.08 0.06

In this study, the chi-squared value obtained as a result of CFA ( *=97.00) is seen to contribute significantly (p

< 0.001) (Table 3). It can be said that the chi-squared value and degrees-of-freedom ratio ( */sd) show perfect
fit when their values are less than 2, CFI, NNFI and IFI values show perfect fit at 0.95 and above, GFI and AGFI
values show perfect fit at 0.90 and above and SRMR and RMSEA values show perfect fit at 0.50 and below
(Joreskog & Sorbom, 1993; Hu & Bentler, 1999; Tabachnick & Fidell, 2007; Kline, 2011). In addition, in the
light of the literature (Anderson & Gerbing, 1984; Marsh, Balla & McDonald, 1988), it can be said that the
chi-squared value and the degrees-of-freedom ratio (*/sd) show an acceptable fit at values less than 5, CFI, NNFI
and IFI values show acceptable fit at 0.90 and above, GFI values show acceptable fit at 0.85 and above, AGFI
values show acceptable fit at 0.80 and above and SRMR and RMSEA values show acceptable fit at 0.80 and
below.

The chi-squared value and degrees-of-freedom ratio (2/sd = 1.67) obtained following the modification after CFA
showed perfect (< 2) fit (Anderson & Gerbing, 1984; Marsh et al., 1988). When the other fit indices were
examined, it was found that GFI = 0.86, CFI = 0.94, NNFI = 0.92, IFI = 0.94 (> 0.90) and RMR = 0.08 and
RMSEA = 0.06 (< 0.08), all representing good values, while the AGFI (0.79) value was not acceptable (> 0.85).
One of the reasons why the AGFI value was not acceptable may be that this fit index is quite sensitive to sample
size, and may show better fit values with bigger samples (Tabachnick & Fidell, 2007). In conclusion, it can be
said that the factor construct of the scale developed as a result of the EFA had an acceptable fit with the data
from the CFA.
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Figure 2. The ATSBS path diagram after modification

3.2 Results of Item Analysis

In this study, for item analysis, it was examined both item-total correlation and the difference between the item
average scores of the 27% upper and lower groups. Within this context, it were analysed through independent
groups t-tests the difference between the item average scores of the upper and lower groups with a ratio of 27%
for item discrimination analysis (Kelley, 1939). The ATSBS item analysis results for the independent groups
t-tests based on item-total correlation and the difference between the 27% lower and upper groups item average

scores, are given in Table 4.
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Table 4. Item-total correlations and comparison of 27% upper and lower groups

Mean Score
t Q7%
Factors Mean Std. Item Item-Total Cronbach’s Alpha " " Sub-Upper
Deviation No. Correlation (r))" if Item Deleted 27% 27% p,?
Lower Upper Group)
Group Group
325 1.10 32 0.47™ 0.84 2.70 4.04 430™
1st 3.14  1.20 33 0.50"" 0.84 2.30 3.87 4427
Factor 3.15  1.01 36 0.729 0.84 2.30 4.04 6.73™"
(0=0.90) 3.19  1.04 37 0.70"" 0.84 2.52 4.17 6.46™"
327 093 39 0.64" 0.84 2.48 4.04 6.16™"
2nd 1.93 1.13 12 0430 0.82 1.09 2.52 5417
" 227 0.97 16 0.65" 0.83 1.30 3.00 7.98"
Factor - .
2.20 1.34 17 0.4879 0.83 1.13 2.96 6.53
(0=0.83) "
2.79 1.17 19 0.55%9 0.83 1.52 3.70 8.84
3rd 3.44 1.16 1 0.33" 0.83 291 426 4.46™
r 3.31 1.06 3 0.31" 0.82 2.30 3.83 5.40™"
Factor o .
(a=0.83) 3.49 1.10 15 039" 0.82 3.04 435 4.75
) 3.47 1.25 30 0.37" 0.82 2.74 439 5.26™"

Note. *n=106; " n;=n,=29; " p<0.01; ™ p<0.001.

An item-total correlation coefficient of 0.30 and above means that items exemplify similar behaviours and the
internal consistency of the scale is high (Field, 2009). Table 4 shows that the Pearson correlation coefficients (r)
used in the calculation of the item-total correlation of the scale were between 0.31 and 0.72 and they were found
to be statistically significant (p< 0.01). In addition, the difference between the item average scores of the 27%
upper and lower groups was found to be in favour of the upper group, and was statistically significant (p <
0.001). Therefore, it can be said that the distinctiveness of the items in the ATSBS was good and that these items
could be included in the scale as they stood (Atilgan et al., 2015).

Table 5. Averages of ATSBS and sub-factors, standard deviations, correlations and 27% lower and upper group
comparisons

Mean Score t 7%
Factors Mean Std. Factor-Total 27% L 27% U Lower-Upper Si
wer- 18,
Deviation  Correlation (r)* ° ower ° pper b PP g
Group Group Group)
1* Factor
16.02 4.44 0.79™" 10.14 21.21 19.86 0.000™"
(a=0.90)
2MF .
actor 4 19 3.85 0.77¢ 5.10 14.24 25.53 0.000
(a=0.83)
3" Fact .
actor— 4308 3.78 056" 8.86 18.10 21.49 0.000
(a=0.83)
Total 38.92 8.55 1 29.00 49.72 18.175 0.000""
(a=0.84) ‘ ‘ ‘ ‘ ) )

Note. *n=106,"n,=n,=29; " p<0.01; ™ p<0.001.

Table 5 gives the correlation of the sub-factors of the ATSBS with the scores taken from the whole scale and the
difference between the item average scores of the 27% upper and lower groups. The results show that the
Pearson correlation coefficients were 0.79 for the first factor, 0.77 for the second factor and 0.56 for the third
factor, and that the associations between the sub-factors and the whole scale were positive, high and significant.
In addition, as a result of the 27% lower and upper group comparison of the ATSBS sub-factors, it was found
that t-values in all the lower groups differed significantly (p < 0.001) in favour of the upper group. According to
all these results, it can be concluded that the scale’s sub-factors had high validity, and that they all measured the
same construct.
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Table 6. Correlations between ATSBS and sub-factors

1st Factor 2nd Factor 3rd Factor Total Item No.
1st Factor 1 0.50" 0.11¢" 0.79"" 5
2nd Factor 0.50 1 0.15™ 0.77"" 4
3rd Factor 0.11™ 0.15" 1 0.56 4
Total 0.79"" 0.77" 0.56 1 13

Note. n=106; " p <0.01.

In addition, Cronbach’s alpha coefficients were calculated for the whole scale and for each sub-factor, in order to
analyse how consistent (in terms of internal consistency) the items of the scale were. In general, it can be said
that for Cronbach’s alpha reliability coefficient values of 0.70 and above, the scale developed is reliable
(Fraenkel et al., 2012). The Cronbach’s alpha reliability coefficient values were 0.84 for the whole scale, 0.90 for
the first factor, and 0.83 for the second and third factors.

The three sub-factors of the ATSBS obtained as a result of factor analysis and item analysis were named within
the theoretical framework by taking into consideration the opinions of two faculty members in science education.
Table 7 shows the names of the ATSBS factors and the items in each factor.

Table 7. ATSBS factors and the items in each factor

Factor ftem Item
No
32 I can develop students’ skills in questioning information about astronomy
Student Outcomes 3 I can teach the target behaviours about astronomy to students who are experiencing difficulty in
Through learning.
Astronomy 36 I am effective in making students gain contemporary and scientific information about
Teaching astronomy.
(1st Factor) 37 I teach realistic and scientific opinions to students.
39 I develop students’ skills in making comments about astronomy subjects.
12 I can organize extracurricular activities about astronomy for my students.
16 I can organize classroom experiments or activities about astronomy.
Astronomy

I can teach astronomy subjects by using various virtual-reality programs (Stellarium, Celestia,

Teaching Strategies 17
etc.).

(2nd Factor) . . L . . o
19 I can teach astronomy subjects by using scientific process skills (using the association between
space and time, observation, etc.).
I I have difficulty in explaining information about astronomy in the light of scientific information.
Difficulty in « . . . .
Ast 3 T have difficulty in commenting on astronomy subjects.
stronom x . . . . . .
Teaching Y 15 T have difficulty in teaching astronomy concepts by associating them with real life.
(3rd Factor) 30" I have difficulty in choosing teaching methods and techniques suitable for students’ individual

differences.

Note. "Negative items.

Lastly, it was found that the lowest score obtainable from the 13-item ATSBS was 13, while the highest score
was 65. In addition, in the light of experts’ opinions, it was found that five minutes could be sufficient time to
complete the ATSBS.

4. Conclusion, Discussion and Suggestions

The purpose of this study was to develop a reliable and valid assessment instrument which measures the
self-efficacy beliefs of science teachers about the teaching of astronomy subjects. After the application of all the
scale development stages, it was found that the scale consisted of a total of 13 items using a five-point Likert
format with three factors.

As a result of the pilot scale, a factor analysis was conducted to investigate the construct validity of the ATSBS.
First of all, the KMO and Bartlett’s test of sphericity were used to test whether the data obtained were suitable
for factor analysis. Analysis results showed that the KMO value was 0.79 and Bartlett’s test of sphericity was
found to be statistically significant (p < 0.001). These results show that the data and the sample size were
suitable in terms of the applicability of factor analysis and the data were found to be normally distributed. In
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other words, the variables had associations high enough to form a reasonable basis for their use (Leech, Barrett,
& Morgan, 2005).

The data tested for suitability for factor analysis were first examined with EFA, and then with CFA, to confirm
the factor construct of the scale. Principal components analysis was adapted and varimax (maximum change)
rotation was used. As a result of varimax rotation, it was concluded that the ATSBS had a total of 13 items -nine
positive and four negative- and three factors. In addition, it was found that the factors of the scale explained
70.60% of the total variance. According to this result, it can be said that the items in the factors were highly
correlated with the factor and the scale had a strong construct.

After the scale’s factor construct was determined with EFA, CFA was applied. As a result of the findings from
the fit indices of the construct with three factors, the ratio (*/sd = 1.35) of the chi-squared value (> = 97) to the
degree of freedom (sd = 72) was found to be perfect, while the other fit indices (RMSEA = 0.06, SRMR = 0.08,
CF1=0.94, IFI = 0.94, NNFI = 0.92, AGFI = 0.79 and GFI = 0.86) were found to show an acceptable fit, and the
tested model was concluded to be sufficient.

Within the reliability and validity analysis context of the scale, the correlations of both the items and the factors
of the ATSBS with the total score were examined, together with whether the difference between the average
scores of the 27% upper and lower groups was significant. Within this context, it was found that the item-total
correlation coefficients of the scale were between 0.31 and 0.72 and the factor-total correlation coefficients were
between 0.56 and 0.79. Similarly, the difference between the item average scores of the 27% upper and lower
groups was analysed using the independent groups t-test. According to the t-test results for the lower and upper
groups, the scale was found to have significant levels (p < 0.001) for the lower and upper groups on the basis of
both items and factors. The correlation coefficients of each factor of the scale with the others were found to be
positive and significant (p < 0.001). Therefore, it can be said that the items in the ATSBS can differentiate well
between individuals and that the items measure similar behaviours. In addition, the Cronbach’s alpha reliability
coefficients were measured to test the internal consistency of the ATSBS. The Cronbach’s alpha values were
found to be 0.84 for the whole scale, 0.90 for the first factor and 0.83 for the second and third factors.

Items were grouped under the factors of ATSBS which were found to be reliable and valid. The factors were
named after being examined by two faculty members in science education and after consulting similar studies in
the literature. In conclusion, the first factor of the scale was named “student outcomes through astronomy
teaching”, the second factor was named “astronomy teaching strategies” and the third factor was named
“difficulty in astronomy teaching”.

When the studies in the literature were examined, one study was found which measured self-efficacy beliefs with
respect to astronomy instruction (Giines, 2010). The “Science Instruction Self-Efficacy Belief Scale” which was
developed for pre-service teachers by Riggs & Enochs (1990) and adapted into Turkish by Ozkan et al. (2002)
was revised by Gilines (2010) by changing the word “science” to “astronomy”, and the “Astronomy Instruction
Self-Efficacy Belief Scale” was developed. Giines (2010) tested the 23-item scale in terms of reliability and
validity by administering it to prospective science and social science teachers. Giines (2010) found that the
Cronbach’s alpha reliability coefficients were 0.80 for the whole scale, 0.87 for the astronomy instruction
personal self-efficacy factor and 0.78 for the astronomy instruction outcome expectation factor. When this scale
was compared with the ATSBS developed for this study in terms of reliability coefficients, it could be seen that
they were similar in terms of being highly reliable and that the reliability levels of the whole scales were parallel.
In terms of the sub-factors of the scale, the student outcomes through astronomy teaching factor of the ATSBS
was partly similar to the astronomy instruction outcome expectations factor in terms of the measurability
characteristics of behaviours, and also in terms of the high values of the Cronbach’s alpha reliability coefficient
in both cases. However, the ATSBS is different from the scale in the literature in that it was developed for
science teachers and in that the items were completely original. In conclusion, a reliable and valid assessment
tool was developed which measured the self-efficacy beliefs of science teachers with respect to the teaching of
astronomy subjects.

As a result of the findings of the study, the following suggestions are made for researchers and those who
administer the scale:

e  Various studies which include both qualitative and quantitative methods and which aim to show the
self-efficacy beliefs of science teachers regarding astronomy subjects could be undertaken. Within this context,
the ATSBS could be used as an assessment instrument, and from this and other qualitative data collection
instruments, detailed information about the self-efficacy beliefs of teachers could be obtained.
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. The correlation between the ATSBS and other assessment instruments which measure field information,
pedagogic field information, attitudes and motivation, etc., and thus model how such variables predict the
self-efficacy beliefs of teachers about astronomy teaching, could be presented. Active practices for teachers
could be implemented with the developed model.

e  This scale was developed within the context of a Turkish sample. The scale could be adapted for, and used
in, different cultures.

e  Since basic astronomy subjects are taught in the third and fourth grades, ATSBS could be adapted for
primary school teachers, thus determining their self-efficacy beliefs about the teaching of astronomy subjects.

e  Teachers should be able to self-assess, and thus become aware of their own shortcomings. They should be
given opportunities to develop themselves in areas where they are weak.
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