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Abstract: A teacher’s self-efficacy has been found to be one of the most important factors contributing
to a successful teaching-learning outcome for both the teacher and the students. Numerous
studies have shown that there is a relationship between students’ self-efficacy, students” academic
achievement, teacher burnout and a teacher’s sense of self-efficacy. In this study, the psychometric
properties of the Science Teaching Efficacy and Beliefs Instrument (STEBI) by Riggs and Enochs
(1990) were re-examined in a Canadian context utilizing data of 1630 teachers from the Pan-Canadian
Assessment Program (PCAP) in 2013. Exploratory factor analysis (EFA) and its associated methods
were used to investigate the factorial structure of the STEBI, and Cronbach’s alpha was calculated as
a measure of reliability. The results showed adequacy of a two-factor solution and similar overall
patterns of factor loadings across orthogonal and oblique rotations. In terms of reliability analysis,
both factors had reliability coefficients lower than the original scale. The implications of these findings
and the future directions for research are discussed.
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1. Introduction

Bandura’s (1986) social cognitive theory has defined perceived self-efficacy as “people’s judgments
of their capabilities to organize and execute courses of action required to attain designated types of
performances” [1] (p. 391). This perceived self-efficacy is associated with how individuals consider
their competence rather than their actual capabilities [1-3]. High levels of self-efficacy regulate
individuals’ behavior to persist in challenging circumstances and determine the amount of effort put
into allocated tasks [3,4]. In the classroom learning environment, teachers’ self-efficacy controls their
activities and behaviors, their persistence particularly with students who have learning difficulties and
their effort in instruction [5,6].

Teachers’ self-efficacy is defined as teachers’ beliefs about their ability to teach, to manage the
classroom, and to motivate students to learn [7]. Teachers with high self-efficacy tend to stay in
teaching because it has been shown that teacher retention is considerably influenced by their sense of
efficacy prior to and during their career [8,9]. Recent statistics also support this claim as, for instance,
the retention rate is lower among inexperienced teachers; 30% to 50% of these teachers who left the
profession in their first five years reported low levels of self-efficacy [9].

From the student’s perspective, teachers with higher levels of self-efficacy are more likely to
consider students’ differences in their teaching and are willing to learn and implement a variety of
teaching methods to meet their students’ needs [10-12]. Studies indicate that efficacious teachers
pursue mastery goals and have higher expectations from their students to achieve deep-learning [13,14].
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Tschannen-Moran et al. (1998) reported that science teachers who believed in their competency were
spending more time teaching and learning and ample time to develop the class curriculum [3].
Furthermore, self-efficacious teachers provide equal learning opportunities for all students regardless
of their behavioral or learning difficulties.

Teachers’ self-efficacy shapes the class environment such that self-efficacious teachers tend to
create supportive and motivational classrooms that lead to students” higher academic outcome [15].
Recent literature on teacher self-efficacy has also indicated the positive impact of high levels of teachers’
sense of efficacy on their interpersonal relationship with students [16,17].

A large number of published studies have highlighted that teachers’ self-efficacy is related
to students’ academic achievement [3,18-21]. For instance, secondary and high school students
indicated remarkably higher academic achievement in science when their teachers had high levels
of self-efficacy [22]. It should be noted that the link between teacher self-efficacy and student’s
academic achievement is not conclusive as there are studies finding no correlation between the two [23].
On the other hand, prior literature has linked students’ self-efficacy to teachers’ self-efficacy [3,24].
The significance of students’ self-efficacy cannot be overlooked due to its salient impact on their
motivation that finally influences their academic achievement [25-27].

There is ample evidence implicating the importance of teachers’ self-efficacy and its impact on both
teachers and students. This also implies the importance of a reliable and valid measurement of teachers’
self-efficacy. To date, several instruments have been developed for this purpose with the Teacher
Efficacy Scale (TES) being the first one developed by Gibson and Dembo in 1984 [5]. TES is one of the
most widely used instruments in measuring teachers’ self-efficacy and has been used for developing
other scales such as the Teachers’ Sense of Efficacy Scale (TSES) developed by Tschannen-Moran and
Woolfolk Hoy [7] and other subject-specific measures such as teaching mathematics [28] and teaching
science [29]. With respect to subject-specific measures of teacher self-efficacy, Bleicher [30] stated
that the development of the Science Teaching Efficacy and Beliefs Instrument (STEBI) by Riggs and
Enochs [31], as a reliable and valid measure of teacher self-efficacy, was an important contribution to
the area of research on teacher self-efficacy. Several other instruments for assessing teacher self-efficacy
in other disciplines were developed based on the STEBI (e.g., [32,33]). The validation study of the
STEBI for pre-service teachers by Bleicher [30] found similar factor structure and comparable factor
loadings as well as significant mean differences between gender, number of science courses taken
and science teaching experience as additional evidence of the sound psychometric properties of the
STEBI. It should be noted that there are two versions of the STEBI: STEBI-A [31] was developed to
measure self-efficacy of in-service teachers and STEBI-B [34] was developed to measure self-efficacy of
pre-service teachers; both versions were created by Riggs and Enochs in 1990. The STEBI in this study
refers to STEBI-A as the instrument under study.

The STEBI has been used in several studies such as the Pan-Canadian Assessment Program (PCAP)
in Canada to measure teachers’ self-efficacy in teaching Science. Shroyer, Riggs, and Enochs’s [35]
review of several international studies that used or adapted the STEBI suggests that cross-cultural
differences as well as diversity in coursework, field experiences, and characteristics of respondents
can influence self-efficacy beliefs. It is noteworthy to mention that the STEBI was developed and
validated in the United States which has critical differences compared to the Canadian educational
context such as a different curriculum and not using provincial or national large-scale assessments as
in Canada for assessing the performance of schools and teachers [36]. Such differences are important.
For example, not using the results of large-scale assessments for evaluating the performance of schools
and teachers can shift the focus of teaching towards meaningful learning rather than doing well
on a competitive large-scale test [37]. As mentioned by DeVellis [38], the cross-cultural comparison
of scales can provide validity evidence of a scale before being used in a new context. Given this
statement and the above-mentioned points and the fact that there is no Canadian validation of the
STEBI, the psychometric re-examination of the STEBI is vital and can shed light on the probable
shortcomings of this scale in the Canadian context. Furthermore, the results of this study can provide
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additional insights into the reliability and validity of the STEBI through re-examining psychometric
properties of the tool in a different context.

2. Materials and Methods

2.1. Data

The data from teacher self-efficacy surveys, as implemented in the teacher’s questionnaire of
the Pan-Canadian Assessment Program (PCAP) in 2013, were used in the current study. The main
purpose of PCAP is “to determine whether students across Canada reach similar levels of performance
in core disciplines at about the same age, and to complement existing jurisdictional assessments
with comparative Canada-wide data on the achievement levels attained by Grade 8/Secondary II
school students across the country” [39] (p. 9). PCAP is a paper-and-pencil test and consists of
three assessment domains: reading, mathematics, and science. In the PCAP 2013 study, science
was the predominant domain and reading and mathematics were minor domains. In addition,
PCAP 2013 was comprised of three contextual questionnaires: one for students, one for their Grade
8/Secondary II school science teacher, and one for school principals. The comprehensive structure
of those three questionnaires was originated from the Wang, Haertel and Walberg synthesis of
research on factors associated with school learning [40]. The science teachers of Grade 8/Secondary II
school, whose students took part in the assessment, were asked to fill out a Teacher Questionnaire.
This questionnaire contains six sections, as follows:

e  Personal information (e.g., gender, education and experience);

e Professional development (PD) (e.g., the number of PD days);

e Time management in the classroom;

e  Assessment practices including types of assessment and marking;

e  Teaching strategy;

e  Science-teaching efficacy and beliefs (as measured by the Science Teaching Efficacy and Beliefs
Instrument).

PCAP is administered every three years by the Council of Ministries of Education, Canada
(CMEC). The PCAP data are made available via CMEC for research purposes.

2.2. Participants

Ten provinces in Canada participated in PCAP 2013. In total, 1630 secondary school science
teachers from about 1500 public schools across Canada responded to the survey questions; 766 (47.0%)
of the teachers self-identified themselves to be male, 850 (52.1%) self-identified as females, and 14
(0.9%) chose not to disclose their gender. About 50% of the teachers had between 5 to 15 years of
teaching experience and 78.1% of them had a Bachelor’s degree or equivalent.

2.3. Instrument

As mentioned earlier, only the science-teaching efficacy and beliefs portion of the teacher’s
questionnaire in PCAP 2013 is considered in this study. This portion of the questionnaire utilized
the original STEBI questions. The CMEC administrators changed the response options in PCAP
2013 to a 4-point Likert style as opposed to the original instrument that used a 5-point Likert style
(i.e., 1 = strongly disagree, 2 = disagree, 3 = uncertain, 4 = agree and 5 = strongly agree) by omitting
the middle response. No reasoning was provided for this change in the technical report of PCAP 2013.
As pointed out by Morris and her colleagues [41], this omission could be due to previous critiques of
the instrument in which using “uncertain” as the response option was deemed to be irrelevant to the
definition of self-efficacy because no one has neutral self-efficacy. The STEBI is comprised of two main
factors: the Personal Science Teaching Efficacy Beliefs (PSTE) with 13 items and the Science Teaching
Outcome Expectancy (STOE) with 12 items. A total of 13 items (i.e., 5 in PSTE and 8 in STOE) should
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be reverse coded in order to produce consistent scores. The PSTE subscale measures teachers’ beliefs
about their own ability to teach science effectively. An example of an item on the PSTE subscale is
“even if I try very hard, I do not teach science as well as I will most subjects”. On the other hand,
the STOE subscale measures teachers’ overall views on science teaching related to students’ learning
performance. An example of an item on the STOE subscale is “when a student does better than usual
in science, it is often because the teacher exerted a little extra effort”. Riggs and Enochs [31] reported
Cronbach’s Alpha values of 0.92 and 0.77 for PSTE and STOE, respectively. A review by Henson,
Kogan and Vacha-Haase [42] found that the PSTE subscale yielded more reliable scores across several
studies than the STOE subscale.

2.4. Analysis

The data were analyzed using R software [43]. Following Riggs and Enochs (1990) study,
an exploratory factor analysis (EFA) was conducted to explore the factorial structure of the STEBI.
The Principal Axis Factoring method was chosen as the factor extraction technique and both orthogonal
and oblique rotations were examined. In order to determine the appropriate number of extracted
factors, a parallel analysis [44] was also carried out. Next, Tucker’s coefficient of congruence [45]
was utilized to assess the degree of similarities between the original factor structure of the STEBI and
the factor structure obtained from PCAP 2013 data. The Cronbach’s alpha was also used to estimate
the reliability coefficient.

3. Results

Primarily, the Mahalanobis and Cook’s values were calculated in order to find out whether
there are any outliers in the data set. Since the scale contains 25 items, the Chi-square value of 52.62
with regards to df =25 at o« = 0.001 was selected as the critical value. In the first stage of analysis,
the Mahalanobis distance measure was estimated for each subject and 65 cases exceeded the critical
value of Chi-square. Those cases were then coded as 1 and the rest as 0, and the Cook’s value was
calculated for cases coded as 1. No case had a Cook’s value greater than 1. Consequently, no cases
were removed from the data set.

To ensure that the data are suitable for the factor analysis, diagnostic tests were done.
The determinant value was 0.001, showing that there is no basis for concern for multicollinearity.
Also, the Kaiser-Meyer-Olkin (KMO) of 0.931 and the significant (i.e., p-value < 0.0001) results for the
Bartlett’s test showed the sampling adequacy for conducting the exploratory factor analysis.

Initial EFA revealed four factors with eigenvalues greater than one. These four factors accounted
for about 46% of the total variance (Figure 1). As mentioned by Costello and Osborne [46], using the
criterion of eigenvalues greater than one for retaining factors is among the least accurate methods and
they suggested using parallel analysis or Velicer’s minimum average partial (MAP) criteria. The parallel
analysis showed that the fourth factor can be safely excluded from the analysis. A follow-up analysis
using Velicer’s MAP criteria revealed the adequacy of a two-factor solution (Figure 2).

The first and second factors accounted for 23.576 and 12.290 percent of the total variance,
respectively. Next, two EFAs were conducted applying an orthogonal rotation with Varimax and
an oblique rotation with Direct oblimin (i.e., delta = 0) with two factors. The oblique solution
showed a correlation coefficient of 0.14 between the two factors which indicated a weak relationship.
The Tucker’s coefficient of congruence (TCC) was computed in order to assess the similarities between
these two-factor solutions and the original STEBI. The TCC for PSTE was calculated as follows:

sum of cross—product of loadings on PSTE for the original STEBI and PCAP 2013
\/ sum of squared PSTE loadings for the original STEBI x sum of squared PSTE loadings for PCAP 2013

The same formula was used for calculation of the TCC of STOE subscales. The results showed
a TCC value of 0.982 for PSTE and a TCC value of 0.971 for STOE based on the factor loadings obtained
from the orthogonal solution. As for the oblique solution, a TCC value of 0.983 was found for PSTE
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and a TCC value of 0.973 was obtained for STOE. The TCC values show a negligible difference between
the oblique and orthogonal solutions. Both solutions show a high level of congruency between the
original factor structure of the STEBI as proposed by Riggs and Enochs [31] and the results obtained
from the PCAP 2013 data. Table 1 shows the factor loadings obtained from the oblique and orthogonal
solutions based on the PCAP 2013 data and the factor loadings reported by Riggs and Enochs [31].
Note that the factor loadings corresponding to each factor are differentiated for ease of reading.
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Figure 1. Scree plot of the initial exploratory factor analysis (EFA).
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Figure 2. Parallel analysis.

Table 1. Factor loadings from PCAP 2013 and the original STEBI.

PCAP 2013 STEBI (1990)

Oblique Solution Orthogonal Solution Original Solution

PSTE STOE PSTE STOE PSTE STOE
Item1* —0.10 0.48 —0.07 0.48 0.06 0.44
item2* 0.35 0.15 0.36 0.18 0.54 0.07
Item3 0.74 -0.04 0.74 0.02 0.67 —0.02
item4* —0.02 0.53 0.02 0.53 —0.05 0.53
item5* 0.60 0.05 0.60 0.10 0.69 0.04
Item6 0.59 —0.06 0.58 —0.01 0.64 0.04

item7* —0.29 0.48 -0.26 0.45 -0.14 0.57




Educ. Sci. 2019, 9,17 60f10

Table 1. Cont.

PCAP 2013 STEBI (1990)
Oblique Solution Orthogonal Solution Original Solution
PSTE STOE PSTE STOE PSTE STOE
Item8 0.69 —0.07 0.69 —0.02 0.68 0.04
item9* 0.10 0.40 0.12 0.40 0.07 0.35
Item10 —0.09 0.27 —-0.07 0.27 —0.07 0.39
item11* 0.02 0.45 0.05 0.45 —0.03 0.43
item12* 0.72 —0.05 0.71 0.00 0.75 0
Item13 0.11 0.27 0.13 0.28 0.08 0.41
item14* —0.01 0.60 0.03 0.60 —0.01 0.61
item15* 0.01 0.63 0.06 0.63 —0.05 0.7
item16* 0.20 0.34 0.23 0.36 —0.01 0.52
Item17 0.70 —0.04 0.69 0.01 0.75 0.05
item18* 0.67 —0.05 0.66 0.00 0.67 —0.01
Item19 0.80 —0.10 0.79 —0.04 0.76 —0.09
Item?20 0.10 0.31 0.12 0.32 0.16 0.35
Item21 0.53 0.08 0.54 0.12 0.69 —0.07
Item?22 0.60 0.03 0.60 0.07 0.72 —0.07
item?23* 0.47 0.06 0.48 0.10 0.6 0.08
Item?24 0.55 0.08 0.55 0.12 0.69 0.02
Item?25 0.03 0.34 0.06 0.34 0.04 0.37

Note: the items with reverse coding are shown by *. PSTE = Personal Science Teaching Efficacy Beliefs,
STOE = Science Teaching Outcome Expectancy. Bold and italic = oblique solution, bold and underlined = orthogonal
solution and bold = original factor loadings.

A quick review of the factor loadings from the PCAP data reveals similarity between the two
solutions, with a largest difference of 0.03 for item 7 followed by item 16. In comparison with
the original solution, the majority of the items from the PCAP data had smaller factor loadings
(i.e., 18 items); two items had the same factor loadings (i.e., item 4 and item 18) and 5 items had larger
factor loadings (i.e., item 2, item 8, item 9, item 11 and item 19).

Furthermore, in order to assess internal consistency, the Cronbach’s alpha was calculated for each
factor separately to compare them with the reliabilities reported for the original scale. The Cronbach’s
alpha for PSTE in the original STEBI was 0.97 while in PCAP 2013, it was 0.89; for the STOE, these values
were 0.77 and 0.72, respectively. All the items showed a positive contribution to the reliability of the
PSTE and STOE by having moderate to strong corrected item—total correlations.

4. Discussion and Conclusions

In this study, the psychometric properties of the Science Teaching Efficacy and Beliefs Instrument
(STEBI) by Riggs and Enochs [31] were re-examined in a Canadian context, utilizing data from the
Pan-Canadian Assessment Program (PCAP) in 2013. Exploratory factor analysis (EFA) was used to
investigate the factorial structure of the STEBI and Cronbach’s alpha was calculated as a measure
of reliability.

The results showed adequacy of a two-factor solution and similar overall patterns of factor
loadings across orthogonal and oblique rotations. The oblique solution showed a correlation coefficient
of 0.14 between the two factors. The Tucker’s coefficient of congruence revealed high degrees of
similarity between the original factor structure of the STEBI as proposed by Riggs and Enochs [31]
and both the oblique and orthogonal solutions, indicating tenability of the two solutions. Similar to
Riggs and Enochs’ [31] study, item 20 (i.e., effectiveness in science teaching has little influence on the
achievement of students with low motivation) showed low factor loading value and cross-loadings
across PSTE and STOE. Given the similarity between the orthogonal and oblique solutions for the
STEBI in this study and considering the fact that human characteristics do not function in isolation,
the oblique solution seems to be more rational. On the other hand, some practitioners may argue
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that the simplicity of orthogonal solutions (i.e., uncorrelated factors) is more desirable in applied
settings. The findings of this study showed that both solutions can provide adequate and acceptable
approximation to the original STEBL

In terms of reliability analysis, both factors had reliability coefficients lower than the original
scale. Several factors may have contributed to such findings. For example, the original STEBI was
based on a 5-point Likert style but the middle option (i.e., uncertain) was removed in the PCAP
2013 survey which may have affected response behavior. As mentioned before, the original study
took place in the United States but PCAP was administered in Canada, thus differences in terms of
culture and the educational system could be another reason for these findings. As mentioned by the
American Psychological Association (APA) Task Force on Statistical Inference, an instrument is not
reliable or unreliable as reliability is a property of the scores for a given population of examinees [47].
This emphasizes the need for psychometric re-examination of a scale within a new context and for
different populations of examinees. A cross-cultural study examining the factorial structure of the
STEBI with the consideration of relevant contextual factors (e.g., demographic variables collected
in PCAP) can shed more light on the observed differences found in this study. The STOE subscale
showed lower reliability. This finding suggests that STOE is more susceptible to errors of measurement
and it could also be due to its questionable construct validity [3]. The main difference between the
PSTE and STOE is that the PSTE subscale is focused on personal beliefs but STOE is focused on the
potential effects on students’ learning outcomes. This futuristic nature of STOE may contribute to its
subjectivity and, consequently, to its lower reliability. Another threat to using STOE for practical and
research purposes is the effect of low reliability on correlation coefficient. The correlation between
STOE and other variables would be underestimated due to low reliability. This phenomenon is known
as correlation attenuation due to unreliability [38].

Further research can provide more diagnostic information on the potential sources of low
reliability. A differential item functioning (DIF) analysis can potentially reveal some probable causes
for low reliability such as systematic bias in items across groups (e.g., male vs female). Another viable
study is to examine the standard error of measurement conditional on each score on the STEBI rather
than an overall reliability estimate for the whole scale. Analyzing the conditional standard error of
measurement (CSEM) can reveal score intervals in which the scale and subscale scores are performing
better and with less error of measurement. Based on our findings, it is arguably important to revisit and
revise the STOE in order to improve its construct validity. Otherwise, it could be removed or replaced
with another construct. If practitioners are willing to use this scale, they need to pay particular attention
to some of the limitations associated with the STOE. One potential remedy could be using the formula
for correcting attenuation due to unreliability and then using the corrected correlation coefficient
between STOE and other variables. Another alternative would be using Structural Equation Modeling
(SEM), instead of traditional statistical methods, which can take into account the measurement error
while studying the relationships between the STEBI and other variables. One last important point to
mention is the fact the STEBI was originally developed for elementary teachers but our analysis with
secondary school science teachers showed its potential for use with secondary school science teachers
as well. Whether it is used for elementary or secondary school teachers, the STEBI could be considered
as a tool for reflective purposes while re-thinking about science teaching practices. For example,
the PSTE subscale can be used for monitoring personal beliefs about teacher self-efficacy in teaching
science over time and the STOE can be used for more general teaching purposes such as adjusting
one’s expectations about students’ learning performance in relation to science teaching practices.
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