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Abstract
Teachers’ self-efficacy is an important motivational construct that is positively related to a

variety of outcomes for both the teachers and their students. This study addresses chal-

lenges associated with the commonly used ‘Teachers’ Sense of Self-Efficacy (TSES)’mea-

sure across countries and provides a synergism between substantive research on

teachers’ self-efficacy and the novel methodological approach of exploratory structural

equation modeling (ESEM). These challenges include adequately representing the concep-

tual overlap between the facets of self-efficacy in a measurement model (cross-loadings)

and comparing means and factor structures across countries (measurement invariance).

On the basis of the OECD Teaching and Learning International Survey (TALIS) 2013 data

set comprising 32 countries (N = 164,687), we investigate the effects of cross-loadings in

the TSESmeasurement model on the results of measurement invariance testing and the

estimation of relations to external constructs (i.e., working experience, job satisfaction). To

further test the robustness of our results, we replicate the 32-countries analyses for three

selected sub-groups of countries (i.e., Nordic, East and South-East Asian, and Anglo-Saxon

country clusters). For each of the TALIS 2013 participating countries, we found that the factor

structure of the self-efficacymeasure is better represented by ESEM than by confirmatory fac-

tor analysis (CFA) models that do not allow for cross-loadings. For both ESEM and CFA, only

metric invariance could be achieved. Nevertheless, invariance levels beyondmetric invari-

ance are better achieved with ESEMwithin selected country clusters. Moreover, the exis-

tence of cross-loadings did not affect the relations between the dimensions of teachers’ self-

efficacy and external constructs. Overall, this study shows that a conceptual overlap between

the facets of self-efficacy exists and can be well-represented by ESEM.We further argue for

the cross-cultural generalizability of the corresponding measurement model.
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Introduction
Teachers’ self-efficacy has been in the focus of educational psychologists for many years. Spe-
cifically in the fields of teacher education and teacher effectiveness, the construct is considered
to be an important correlate of teachers’ well-being, job satisfaction, instructional behavior,
and students’ educational outcomes [1–6]. There is a consensus on its multidimensional
nature, assuming at least three related but distinct facets that correspond to different teaching
practices and aspects of teaching quality: self-efficacy in classroom management, instruction,
and student engagement [6–8]. In order to assess these three facets, Tschannen-Moran and
Woolfolk Hoy established the ‘Teachers’ Sense of Self-Efficacy (TSES)’ scale [6], which formed
the basis for a number of studies that were specifically concerned with comparing the measure-
ment of teachers’ self-efficacy across countries and cultures [9–12]. However, such cross-
national comparisons, even though very interesting, rely on one key assumption: that the con-
struct can be measured invariantly across countries, meaning that the same measurement
model applies [13]. If the invariance assumption is violated, inferences on differences in teach-
ers’ self-efficacy across countries are compromised [14].

Most previous studies that attempted to establish measurement invariance of the TSES scale
provided evidence that at least the numbers of factors and the item-factor links (i.e., factor
loadings) are comparable across some countries and cultures [10–12, 15]. However, higher lev-
els of invariance that enable researchers to compare the means of teachers’ self-efficacy have
rarely been met [10–12, 15]. This finding, however, may have different explanations. For exam-
ple, Vieluf and colleagues [15] pointed to the existence of country-specific response styles as a
source of non-invariance which could be due to cultural, educational, and language-related dif-
ferences. Another reason for this lack of comparability may lie in too strict assumptions on
item-factor links that neglected potential overlaps between the factors of teachers’ self-efficacy
[16]. Such overlaps are likely to occur in the measurement of self-efficacy because the three
aspects of teaching (i.e., classroom management, instruction, and student engagement) are not
strictly distinct [17, 18]. Hence, there is a need for measurement models that systematically
account for this potential overlap on the one hand, and establish the required invariance levels
on the other hand.

Against this background, the present study aims to test the hypothesis of potential construct
overlaps as manifested by significant cross-loadings in the TSES measurement models with
respect to the factor structure and its measurement invariance across 32 countries and selected
country clusters. Moreover, the consequences of such overlaps primarily for invariance testing
and the correlations to external constructs (i.e., teachers’ work experience and job satisfaction)
are investigated. We make use of the representative large-scale dataset of the OECD Teaching
and Learning International Survey (TALIS) 2013, an international survey that provides oppor-
tunities for teachers and school leaders to indicate their perceptions of for instance the school
as a learning environment, appraisal and feedback, teaching practices, leadership, self-efficacy,
and job satisfaction [19]. The present study proposes a synergism between substantive research
on the measurement of teachers’ self-efficacy and recent methodological advances in multi-
group latent variable modeling [20]. Specifically, we apply the relatively new approach of
exploratory structural equation modeling to a substantive field that has received increasing
attention in educational psychology and educational large-scale assessments, and demonstrate
its flexibility in handling the structure and invariance of the TSES measure.

Teachers’ Self-Efficacy
Currently, there is an enhanced awareness of the importance of teachers’ personality and
beliefs, particularly in the fields of teacher education and effectiveness [6, 7]. There might be a
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number of reasons for this increased attention: First, teachers’ self-efficacy is regarded as an
essential teacher characteristic which is related to their effective behavior in classroom settings
[21]. Second, these teaching practices, in turn, affect students’ educational outcomes such as
achievement and motivation [1, 22, 23]. Third, teachers with high self-efficacy show higher job
satisfaction and are less likely to be affected by burnout [24, 25]. Fourth, teachers’ levels of self-
efficacy may change with their work experience over time and may therefore indicate changes
in their professional competences, job satisfaction, and well-being [26–28]. Consequently, the
construct has received much attention in both national and international assessments [7, 9,
19]. For instance, besides investigating teachers’ characteristics, professional development,
appraisal and feedback, and perceptions of school leadership, TALIS has put emphasis on the
assessment of teachers’ self-efficacy and related constructs such as their job satisfaction as
important outcome variables [19]. This emphasis is not surprising, given that teachers’ self-effi-
cacy relates to their instructional practices and student achievement [2, 3].

On the basis of social cognitive theory, Bandura [29] defined self-efficacy beliefs as individu-
als’ perceptions of their capabilities to plan and execute specific behavior. These perceptions
can therefore be regarded as personal beliefs about what that person can do rather than beliefs
about what he or she will do [30]. In consequence, self-efficacy beliefs affect a person’s goals,
actions, and effort [25]. Bandura [29] further pointed out that these beliefs are not merely per-
ceptions of external factors and obstacles that might facilitate or inhibit the execution of behav-
iors, but should be regarded as self-referent; they are first and foremost subjective evaluations
of one’s own capability, although they are formed and affected by external factors [11, 31]. Put
differently, people that are subject to the same environment (e.g., a school or country) may
show very different efficacy beliefs. Moreover, environments may also affect collective efficacy
beliefs leading to systematic differences between groups (e.g., teachers in different countries).
Following Bandura’s definition, teachers’ self-efficacy is conceptualized as their beliefs in their
capabilities to enact certain teaching behavior that may influence students’ educational out-
comes, such as achievement, interest, and motivation [5–7]. Tschannen-Moran and Woolfolk
Hoy [32] as well as Malinen and colleagues [33] emphasized that these beliefs are context-spe-
cific and connected to instructional capabilities and tasks. Consequently, different beliefs may
result from different teaching environments and practices [7]. Existing research has therefore
aligned the conceptualization and measurement of teachers’ self-efficacy with specific teaching
practices and requirements to enhance student learning [1, 3, 10, 34, 35]. In this sense, the
conceptualization of the construct consequently comprises elements of self-efficacy theory, and
is also informed by research on teaching quality in which specific criteria for effective instruc-
tion are defined and operationalized [36].

A Conceptual Framework of Teachers’ Self-Efficacy. In a number of studies, researchers
have described teaching quality as a concept that comprises different teaching practices and
aspects of instruction. For instance, high quality classrooms provide an orderly learning envi-
ronment, devoid of disruptive behavior, and contain cognitively activating tasks as well as
opportunities in which students are engaged and motivated to learn [37]. Although there have
been a number of conceptualizations of teaching quality, describing different aspects of teach-
ing, its multidimensionality can be regarded as a common characteristic [18, 36, 38, 39]. In a
parallel line of research with a view to aligning teaching practices with self-efficacy beliefs,
Tschannen-Moran andWoolfolk Hoy [6] proposed a multidimensional framework of teachers’
self-efficacy; Skaalvik and Skaalvik [25] strengthened this approach and argued that consider-
ing the construct to be unidimensional was a major limitation in self-efficacy research. Hence,
there have been concerted efforts to differentiate between at least the three pertinent factors of
teachers’ self-efficacy that Tschannen-Moran and Woolfolk Hoy [6] identified: Self-efficacy in
classroom management, instruction, and student engagement [7, 8, 11, 12, 25, 33]. Teachers’
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self-efficacy in classroom management refers to their capabilities for establishing an orderly
environment without disruptions and coping with disruptive behavior [40]; self-efficacy in
instruction refers to a broad understanding of instruction which focuses on the use of alterna-
tive teaching practices, assessment strategies, and explanations; self-efficacy in student engage-
ment addresses emotional and cognitive support for students and includes capabilities to
motivate students for learning. Given the multidimensional nature of teachers’ self-efficacy, it
is important to account for these interrelated yet disparate factors in the measurement of the
construct [6].

The Teachers’ Sense of Self-Efficacy Measure. In congruence with the multidimensional
approach to measuring teachers’ self-efficacy, Tschannen-Moran and Woolfolk Hoy [6] devel-
oped the Teachers’ Sense of Self-Efficacy (TSES) scale that measures the three aforementioned
factors pertaining to teachers’ self-efficacy. This scale is commonly used in self-efficacy
research and has been validated among a number of teacher samples with respect to the exis-
tence of three correlated factors and the relations to constructs such as job satisfaction and
work experience [10–12]. However, an aspect that has been neglected while validating this
scale relates to construct overlaps. In particular, given that teachers’ practices of classroom
management, instruction, and student engagement may go together and are conceptually
related, items measuring their self-beliefs may not be exclusively related to one factor, but also
include aspects of the other two [27]. For instance, a closer examination of the items, ‘I can
craft good questions for my students’ and ‘I can help students think critically’ [12, 19], which
were assigned to ‘Self-Efficacy in Instruction’ and ‘Self-Efficacy in Student Engagement’ respec-
tively, suggests that they may not refer to only one factor, because teaching practices for
enhancing critical thinking may go together with practices of crafting good questions to cogni-
tively activate students’ learning processes [41, 42]. From a methodological point of view, the
existence of such an overlap between the TSES factors should manifest not only in high factor
correlations but also in an improvement in goodness-of-fit, especially when employing models
that allow items to belong to more than one of the three factors [43]. Until now, confirmatory
factor analysis (CFA) has been used to model the structure of the teachers’ sense of self-efficacy
measure under the assumption that the item-factor links are perfect and overlaps do not exist.
In response to this practice, Duffin and colleagues [27] suggested validating the structure of the
TSES measure by exploratory factor-analytic approaches to uncover item cross-loadings. Fol-
lowing the same line of argumentation, Marsh et al. [44] argued that the assumption of perfect
item-factor links might be too strict for some psychological constructs, and therefore recom-
mended using approaches such as exploratory structural equation modeling. Although test
developers may suggest excluding items belonging to more than one factor, allowing overlaps
might be reasonable to represent the conceptual breadth of the construct [16]. For example,
only using items related to emotional rather than cognitive student engagement might lead to
less cross-factors relations to self-efficacy in instruction; however, it would also compromise an
important aspect of student engagement that is part of the construct definition [45]. The degree
to which such an overlap between the factors of self-efficacy exists empirically, and how it
affects the measurement of the construct has not yet been fully explored.

Cross-National Perspectives of Teachers’ Self-efficacy
In psychological and social science research–and public policy more generally–there is a pre-
occupation with cross-cultural differences rather than of cross-cultural generalizability. Fueled
in part by a null hypothesis testing perspective, given a sufficiently large sample size there will
almost always be statistically significant cross-cultural differences for most variables–even if
the effect is so trivially small as to have no substantive implications. It is very difficult to prove
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the null hypothesis. However, this focus on cross-cultural differences tends to ignore the strong
support for cross-cultural similarities and the sometimes small sizes of cross-cultural
differences.

Cross-cultural comparisons provide researchers a valuable, heuristic basis to test the exter-
nal validity and generalizability of their measures, theories, and models. Matsumoto
([46], pp. 107–108] argued that: “Cultural differences challenge mainstream theoretical notions
about the nature of people and force us to rethink basic theories of personality, perception, cog-
nition, emotion, development, social psychology, and the like in fundamental and profound
ways.” In their influential overview of cross-cultural research, Segall, Lonner, and Berry ([47],
p. 1102) stated that cross-cultural research’s three complementary goals were: “to transport
and test our current psychological knowledge and perspectives by using them in other cultures;
to explore and discover new aspects of the phenomenon being studied in local cultural terms;
and to integrate what has been learned from these first two approaches in order to generate
more nearly universal psychology, one that has pan-human validity.” Similarly, Sue [48] argued
that researchers have not taken sufficient advantage of cross-cultural comparisons that allow
researchers to test the external validity of their interpretations and to gain insights about the
applicability of their theories and models.

Cross-national perspectives on teachers’ self-efficacy are therefore considered valuable to
study how ability beliefs generalize across countries, cultures, and educational settings on the
one hand, and the validity of the measurement in terms of its comparability on the other hand
[11]. Because there are considerable variations in teaching practices and conditions that may
affect and change teachers’ ability beliefs, researchers tend to place emphasis on the importance
of incorporating cross-national perspectives into self-efficacy research (see [10]). A number of
studies have therefore compared different countries fromWestern, Asian, and other cultures
[10–12, 15, 33, 49]. Among others, Oettingen [50] and Vieluf et al. [15] provided potential
explanations for the differences that were found in these studies. They pointed out that those
differences may be culturally-driven, and may tap into the following dimensions: collectivism/
individualism, power distance, uncertainty avoidance, and masculinity/femininity. From an
educational perspective on self-efficacy, differences may also occur due to differences in profes-
sional teacher education, teaching practices, school conditions, or educational beliefs [24, 51–
53]. Vieluf and colleagues [15] added further dimensions and argued that cultural differences
in teachers’ self-efficacy might interact with differences in value orientations and specific ten-
dencies of perceptions of oneself which are oriented towards culture-specific standards. Such
differences may manifest in differences in response styles [13]. Against this background, it
appears reasonable to assume cross-national differences in teachers’ self-efficacy.

Furthermore, there is growing evidence that the multidimensional nature of teachers’ self-
efficacy persists across countries and cultures [10, 12, 33]. Klassen and colleagues [11] studied
diverse countries with respect to the structure of and performance on the TSES measure.
Although these cultures differed considerably in their teaching practices and cultural beliefs,
the structure of the self-efficacy measure remained robust, lending evidence on the generaliz-
ability of the measurement. Nonetheless, they also observed that response tendencies differed,
thus compromising full comparability of the measurement if single items are affected by these
tendencies. This finding supports Vieluf and her colleagues’ [15] observations of different
response styles in a unidimensional measure of self-efficacy that explained the lack of multi-
level isomorphism in their study. From a measurement perspective, it may therefore not be
advisable to compare the means of the three TSES factors across countries and cultures because
these three factors may have different meanings across countries and cultures [13, 14]. More
recently, Desa [9] provided support for this claim by demonstrating that the invariance levels
necessary to conduct mean comparisons were rarely met for perception-based measures of
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teacher characteristics. Hence, non-invariance can be regarded as a serious challenge in com-
parative studies on teachers’ self-efficacy.

While attempting to align the measurement of teachers’ self-efficacy along the lines of
cross-national perspectives on teacher self-efficacy beliefs, it is still unclear to what extent the
assumption of perfect item-factor links could undermine or improve the invariance and gener-
alizability of the TSES measure.

Exploratory Structural Equation Modeling (ESEM)
As mentioned earlier, confirmatory factor analysis (CFA) is traditionally used to test specific
hypotheses on the factor structure of construct measures and measurement invariance [44].
However, this approach assumes a simple structure of the data, that is, a unique link between
items and latent variables (i.e., factors) without any cross-loadings (Fig 1). Regarding the con-
struct overlap, one would expect models, which allow for cross-loadings, to represent the struc-
ture of the TSES measure more appropriately than CFA models without cross-loadings [16].

Marsh and colleagues [43] proposed an approach, which combines the features of explor-
atory and confirmatory factor analysis but is still flexible enough to be extended to structural
equation models. This exploratory structural equation modeling (ESEM) approach was studied
in different substantive areas and allows researchers to introduce covariates, correlated residu-
als, and to test for different levels of measurement invariance across groups [44]. Research has
indicated that factor correlations and relations to external variables are not overestimated in
the ESEM approach [54].

Technically speaking, ESEM freely estimates all rotated cross-loadings that occur between
items and factors (see Fig 1). In the first step, the unconstrained factor structure is estimated.
This preliminary structure is rotated in the second step by using a wide range of methods such
as oblique or orthogonal rotations (for details, please refer to [54]). For instance, the oblique
target rotation method assumes cross-loadings, which can be specified as being approximately
zero. In the final model, however, these target loadings may result in values that significantly
deviate from zero [54]. The target rotation allows researchers to incorporate a-priori assump-
tions on the factor structure, and can be regarded as an approximation of confirmatory factor
analysis with exact zero cross-loadings [44]. A more detailed description of ESEM and the rota-
tion methods can be found in Marsh et al. [44]. When testing for different levels of measure-
ment invariance, the rotation in ESEM is employed in such a way that not only the main but
also the cross-loadings are constrained across groups. Hence, to investigate measurement
invariance of teachers’ self-efficacy while taking into account the overlap between factors at the
same time, ESEM provides an appropriate analytical approach.

The Present Study
We identified two challenges regarding the measurement of teachers’ self-efficacy with the TSES
scale: First, the facets of self-efficacy might not be strictly distinct due to their conceptual overlap.
Methodologically speaking, the link between items and factors may not be perfect [24] and the
assumption of an absence of cross-loadings that is inherent in traditional CFAmodels may be
violated. Second, scalar and strict invariance of ratings on instructional abilities across countries
have rarely been achieved, which has compromised mean comparisons of teachers’ self-efficacy
across countries [10–12, 15]. However, being able to conduct such comparisons would shed light
on differences between educational systems with respect to teachers’ self-beliefs [7, 10, 15, 55].
The present investigation is therefore aimed at addressing these challenges by comparing the
ESEM approach with the CFA approach with respect to their appropriateness in describing the
factor structure and cross-country measurement invariance of the widely used TSES scale.
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Research questions. We compare the factor structure of the teachers’ sense self-efficacy
measure across the 32 participating TALIS 2013 countries on the one hand and three selected
country clusters on the other hand by using both the ESEM and the CFA approach. These are the
country clusters we refer to: Nordic cluster (Denmark, Finland, Norway, and Sweden), East and
South-East Asian cluster (Japan, Korea, Malaysia, and Singapore), and Anglo-Saxon cluster (Aus-
tralia, England, and the United States of America) clusters. Specifically, our aim with transferring
the proposed modeling approaches to these selected country clusters was to validate the findings
obtained from examining the total sample. For a more elaborate discussion on this choice, please
refer to the section below. Finally, we evaluated the consequences of existing cross-loadings for
the correlations to external constructs. In particular, we address the following research questions:

• To what extent does exploratory structural equation modelling, which allows for item cross-
loadings, represent the factor structure of the TSES measure more appropriately than confir-
matory factor analysis? (Research Question 1)

Fig 1. Measurement Models of the CFA and ESEMApproaches. Note. CM = Self-efficacy in classroommanagement, IN = Self-efficacy in instruction,
SE = Self-efficacy in student engagement. Dashed lines indicate cross-loadings.

doi:10.1371/journal.pone.0150829.g001
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• Which levels of measurement invariance of the TSES measure can be achieved across countries
for both the CFA and ESEM approach? (Research Question 2)

• If at least metric invariance can be established, to what extent do ESEM and CFA differ in the
estimation of the correlations between the TSES factors, teachers’ years of work experience, and
their job satisfaction? (Research Question 3)

Selection of country clusters. Generally speaking, we argue that examining the findings
obtained from the total TALIS 2013 sample for selected country clusters addresses the gener-
alizability of the results [56, 57]. Specifically, by answering our research questions for sub-
samples that were selected for substantive reasons (see below), we may also provide some
evidence on the robustness of our results. Nevertheless, as the present study does not focus
on the substantive interpretation of country differences but the comparison of different
modeling approaches, an in-depth discussion of such differences is beyond the scope of this
paper.

In order to enable a comparison between countries of similar cultures, languages, and edu-
cational contexts, and yet at the same time to retain a global perspective, we chose to select
three country clusters on the basis of substantive theory. First, according to Bulle’s [58] review
of OECD ideal-typical educational models, countries can be classified with respect to their
dominant educational structures and objectives. Specifically, distinguishing between educa-
tional objectives in a country that are centered on academic educational programs or on stu-
dents’ general competencies as educational outcomes, Bulle presents a typology that identifies
a number of country clusters. Among others, she specifies the Northern model (e.g., Denmark,
Finland, Iceland, Norway, and Sweden), the Anglo-Saxon model (e.g., Australia, Canada, Ire-
land, New Zealand, United Kingdom, and the United States), and the East-Asian model (e.g.,
Japan and Korea). As the TALIS 2013 results indicated that teachers’ self-efficacy is related to
school-related but also institutional factors [19], we argue that similarities in educational sys-
tems may result in similarities in the levels of self-efficacy (see also [59]). In fact, for at least the
Anglo-Saxon and Nordic countries participating in TALIS 2013, similarities in the perfor-
mance on single TSES items could be identified (for details, please refer to [19], Annex C);
moreover, for the TALIS 2008 participating countries, a strong Nordic cluster was apparent
[15].

Second, in light of existing research on cross-cultural differences in teachers’ self-efficacy,
teachers from different clusters may understand the self-efficacy items differently [11], possibly
as a result of different cultural differences [10, 15]. Thus, meaningful mean comparisons across
clusters may hardly be possible, as this becomes an issue beyond statistical invariance. We con-
sequently argue that cross-country comparisons within the three clusters, thereby controlling
for the effects of major language, cultural and educational differences, might be more meaning-
ful than between the clusters. However, at least to some extent, we expect teachers’ self-efficacy
to show some variation even within the clusters. For instance, although the Nordic countries
have similar languages, educational systems, and cultures from an international perspective
[60], students’ performance and motivation in mathematics, teachers’ education and profes-
sional development differ [61]. These differences may lead to differences in teachers’ percep-
tions about their capabilities in teaching.

Third, the selected country clusters were by and large in the main focus of existing
research on the factor structure of the TSES measure (e.g., [10–12, 33]), thus providing the
basis for comparing the results obtained from these studies with those obtained from the
present study.
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Materials and Method

Sample and Procedure
Following our outline, we used the entire TALIS 2013 sample comprising the data from 32
countries and sub-national entities (N = 170,020) in order to address our research questions.
The country data sets were based on the data obtained from nationally representative samples;
the OECD has released these data sets as public-use files (available at http://stats.oecd.org/
Index.aspx?datasetcode=talis_2013, accessed: 8/9/2015). The participating teachers worked in
schools that provided ISCED level 2 education (rural and public schools; for details, please refer
to [62], chap 5) and took questionnaires, which included, among others, questions on their self-
efficacy and background. Of the total sample, 5,333 teachers did not respond to at least one item
of the self-efficacy scale and were therefore excluded from the analyses, resulting in a total sample
size of 164,687 teachers. The sample used in the present study included teachers from all subject
areas in 1,808 schools [19]. Descriptive statistics and the resulting sample sizes are reported in
Table 1. Test administration, coding of responses, and data preparation were employed according
to the pre-defined TALIS 2013 quality standards [62]. Prior to the main survey, the “TALIS
Board of Participating Countries (BPC)” which was commissioned by the OECD approved the
standards concerning survey ethics, confidentiality, and survey operations for the study [62].
Since the current study conducts secondary data analyses of the publicly available TALIS 2013
data files, which were released to address research questions beyond the ones covered by the
OECD report, it relies on the approval of research ethics by the BPC (see S3 Table).

The translation of the measures used in TALIS 2013 was closely monitored and specific stan-
dards had to be fulfilled by the translation services conducted in the participating countries.
Moreover, psychometric methods were used to ensure that the translation of the instruments into
different languages provided comparable measures. Please find more detailed information on the
specifics of the item translation processes in the TALIS 2013 technical report [62].Measures

Teachers’ self-efficacy. On the basis of a short form of the ‘Teachers’ Sense of Efficacy
(TSES)’ scale [6, 12] that distinguishes between teachers’ self-efficacy in classroom manage-
ment, instruction, and student engagement, TALIS 2013 asked teachers to rate four statements
for each of the three factors according to the extent to which they believed in their capabilities
for doing the tasks (1 = not at all, 4 = a lot). The item wordings are shown in the S1 Table. In
this paper, we use the original item labels assigned by TALIS 2013 [62]. To evaluate the reliabil-
ity of the three self-efficacy factors, we used McDonald’s ω for polychoric correlation matrices
[63]. We found reasonable up to high reliabilities for each factor across countries (see Table 1).

Work experience. Teachers’ work experience was indicated by the number of years they
have been working in the teaching profession until the administration of the TALIS 2013 ques-
tionnaire. For the total TALIS 2013 sample, teachers spent on average 16.2 years (SD = 10.3
years) in their profession.

Job satisfaction. As an external variable that has been heavily studied in order to validate
the teachers’ sense of self-efficacy questionnaire, we included teachers’ job satisfaction in our
analyses [1, 6, 25]. Specifically, job satisfaction was defined as “the sense of fulfilment and grati-
fication from working in an occupation” ([19], p. 182]. In this study, we refer to teachers’ satis-
faction with their profession and use their responses to six items were administered in order to
assess job satisfaction with the teacher profession, three of which were formulated positively
(e.g., “The advantages of being a teacher clearly outweigh the disadvantages”) and negatively
(e.g., “I regret that I decided to become a teacher”). Teachers had to rate these statements on a
four-point Likert scale (0 = strongly disagree, 3 = strongly agree). The resulting responses
formed a scale that showed good reliabilities across countries (reported Cronbach’s α> .72 for
all countries except for Mexico; see TALIS 2013 technical report; [62], pp. 206–216). Moreover,
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for the measurement of teachers’ job satisfaction, metric invariance could be established across
the 32 participating TALIS 2013 countries [9].

Statistical Analyses
Measurement models and estimator. We tested whether or not the theoretically implied,

three-dimensional structure of the TSES measure held (Research Question 1) by specifying a

Table 1. Descriptive Sample Statistics and Scale Reliabilities.

Country N Females [%] Age [years] M (SD) Scale Reliability ω

Classroom Management Instruction Student Engagement

Australia a 6,271 57 43.2 (11.5) .87 .83 .87

Brazil 13,334 68 39.5 (9.5) .84 .83 .84

Bulgaria 2,953 82 47.6 (9.1) .82 .81 .84

Chile 1,543 62 41.3 (11.9) .88 .84 .81

Croatia 3,626 74 42.6 (11.7) .87 .80 .78

Czech Republic 3,204 75 43.8 (10.8) .87 .77 .82

Denmark b 5,051 62 45.7 (10.6) .88 .76 .82

Estonia 3,057 83 47.9 (11.2) .81 .78 .77

Finland b 11,097 72 44.4 (10.1) .89 .81 .85

France 2,808 66 42.1 (9.8) .85 .69 .81

Israel 3,229 75 41.9 (10.3) .89 .83 .85

Italy 6,846 72 48.9 (8.8) .84 .80 .84

Japan c 3,463 40 42.0 (10.9) .90 .87 .80

Korea c 2,825 70 42.5 (9.1) .91 .87 .84

Latvia 4,173 88 47.4 (10.1) .81 .75 .78

Malaysia c 2,953 71 39.0 (8.5) .89 .89 .87

Mexico 9,465 52 42.1 (10.4) .84 .83 .76

Netherlands 1,788 54 43.3 (11.9) .90 .62 .78

Norway b 7,501 64 45.4 (11.3) .86 .76 .81

Poland 10,189 76 42.5 (9.0) .84 .81 .80

Portugal 6,704 72 45.0 (7.6) .88 .84 .84

Serbia 3,819 66 43.0 (10.8) .82 .79 .83

Singapore c 10,302 64 36.7 (9.8) .89 .86 .89

Slovak Republic 3,454 81 43.5 (10.9) .84 .82 .81

Spain 9,261 59 45.6 (8.6) .87 .81 .83

Sweden b 3,160 66 45.9 (10.5) .88 .78 .80

United States of America a 1,854 66 42.2 (11.3) .86 .82 .88

Sub-national entities

England (United Kingdom) a 2,348 64 39.3 (10.4) .88 .81 .86

Flanders (Belgium) 5,671 74 39.2 (10.5) .90 .74 .80

Abu Dhabi (United Arab Emirates) 4,530 55 39.7 (8.6) .87 .84 .83

Alberta (Canada) 1,718 61 40.0 (10.2) .88 .83 .86

Romania 6,490 70 43.0 (10.9) .85 .82 .81

Total TALIS 2013 Sample 164,687 67 42.9 (10.5) .85 .83 .85

Note. Scale reliabilities are reported as McDonald’s ω.
a Anglo-Saxon country cluster
b Nordic country cluster
c East and South-East Asian country cluster.

doi:10.1371/journal.pone.0150829.t001
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confirmatory-factor analytic (CFA; no cross-loadings) and an exploratory structural equation
model (ESEM; with cross-loadings) with three correlated factors (Fig 1). For the latter, we used
the oblique target rotation, because we assumed correlated factors of self-efficacy with cross-
loadings close to zero. This choice was basically made in light of our expectation that the self-
efficacy items will mainly load on the factors they have originally been assigned to, but show
lower loadings on the other factors. Moreover, Marsh et al. [44] argued that target rotation pro-
duces less bias in model parameters such as factor loadings than, for example, Geomin rotation.
This particularly applies to factors with a small number of indicators.

In order to evaluate the goodness-of-fit for the CFA and the ESEM approach, we referred to
common guidelines (i.e., CFI� .95, TLI� .95, RMSEA� .08, SRMR� .10 for an acceptable
model fit; [64]). In all analyses, robust maximum likelihood estimation (MLR) with standard
errors and tests of fit that were robust against non-normality of observations and the use of cat-
egorical variables in the presence of at least four response categories was used [65]. This choice
was also driven by the fact that the MLR continuous estimation can handle missing values that
are missing at random more appropriately than, for instance, the categorical weighted least
squares means and variance adjusted (WLSMV) estimation [66].

Measurement invariance testing. We tested the measurement model obtained from the
results on Research Question 1 for configural, metric, scalar, and strict invariance by systemati-
cally constraining factor loadings, item intercepts, and item uniquenesses (i.e., item-specific
residual variances) to equality across countries [14] in order to address Research Question 2.
Although different practices of invariance testing have been proposed, there are at least four
levels of invariance [43]: The first refers to configural invariance; configural invariance is estab-
lished when the same numbers of factors are present in each group and these factors are
defined in the same way (i.e., the items are assumed to load on the same factors in all groups).
In a configural invariance model, all model parameters (e.g., factor loadings, intercepts, factor
variances) are freely estimated in each group. On the second level of invariance, factor loadings
are constrained to equality, putting the latent factors on the same scale (metric invariance).
This constraint is also applied in ESEM, resulting in the equality of all factor loadings including
the cross-loadings. If metric invariance can be established, the factor correlations and relations
to external constructs may be compared across groups [14]. In fact, in order to compare the
relations among the three factors of teachers’ self-efficacy and their correlations with teachers’
work experience and job satisfaction across the TALIS 2013 countries, multi-group CFA and
ESEMmodels, both assuming metric invariance across countries, will be specified. Third,
besides equal factor loadings, item intercepts are constrained in the scalar invariancemodel.
This model forms the prerequisite of comparing factor means across groups [14]. The fourth
model of strict invariance constrains the item uniquenesses (i.e., residual variances), facilitating
comparisons of manifest means [43]. Since this level is hardly achieved in studies comparing
more than two culturally diverse countries [15, 67], Byrne, Shavelson, and Muthén [68] recom-
mended relaxing the assumption of equal item intercepts by freeing some of the intercepts, sug-
gesting a partial scalar invariancemodel. Given the number of countries in the total TALIS
2013 sample and the resulting number of possible combinations to free the item intercepts, we
only tested for this type of invariance within the selected country clusters.

We evaluated the invariance models on the basis of their goodness-of-fit and the results of
comparisons between the fit of adjacent models [43]. However, we did not consider χ2 differ-
ence testing for interpreting the fit of nested models, because the χ2 statistic strongly depends
on the sample size [67]. As an alternative, we inspected the changes in incremental fit indices
after adding parameter constraints to a model. Chen [69] suggested specific cut-off values that
may indicate substantial deviations from the assumption of invariance. Specifically, in compar-
ison to the less restrictive model, a decrease in the CFI and TLI of less or equal than .010, an
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increase in the RMSEA of less or equal than .015, and, finally, and increase in the SRMR of
equal or less than .030 may be considered practically insignificant changes in model fit; thus
allowing researchers to accept the invariance model with more restrictions on parameters.
Although these guidelines have been widely applied in educational measurement, they have
been validated mostly in two-group scenarios (see also [70]). Moreover, the performance of
these cut-off values varies with respect to sample size, the number of factors in the measure-
ment model, the treatment of the data (i.e., continuous vs. categorical treatment of teacher
responses), the number of groups, the type of measurement invariance tested, and the factor
structure specified [67, 69–71]. In fact, Khojasteh and Lo [71] showed that less restrictive cut-
offs for the RMSEA and the SRMR should be applied in bifactor structures, which are compa-
rable to factor models with cross-loadings (i.e., .034 and .030, respectively). Desa [9] argued
even further and accepted changes in the CFI below .015 in large multi-group samples such as
the one obtained from TALIS 2013. In light of the complexity of the sample (i.e., large-scale
data, complex sampling procedure, more than 2 groups) and the factor models (in particular,
ESEM) in the current study, we operationally apply the following cut-offs when comparing the
more restrictive with the less restrictive invariance models: ΔCFI� .010, ΔTLI� .010,
ΔRMSEA� .015, and ΔSRMR� .030. However, it is emphasized that these cut-off values con-
stitute rough guidelines only, rather than “golden rules” [72]. Hence, small deviations from
these values, yet in only one of the fit statistics (up to +.005), may still be accepted.

Sampling procedure, selection bias, hierarchical structure, and missing data. In TALIS
2013, teachers and schools were randomly selected in a two-step probability sampling design.
Specifically, teachers (secondary sampling units) were randomly selected from a list of in-scope
teachers for each school that has been randomly selected within a country (primary sampling
units; [62], p. 73). In this context, an “in-scope teachers” was defined as “(. . .) a person whose
professional activity involves the planning, organising and conducting of group activities
whereby students’ knowledge, skills and attitudes develop as stipulated by educational pro-
grammes. In short, it is one whose main activity is teaching (. . .)” ([62], p. 74). Due to different
selection probabilities and the sampling of schools and teachers, sampling errors may occur.
We used teachers’ final weights in all analyses in order to correct for potential selection bias
and balance differences in sample sizes [62, 73]. These weights comprise sub-weights that
account for the different probabilities of being selected as a school and being selected as a
teacher in a selected school within a country (for further details, please refer to [62]). Moreover,
we accounted for the hierarchical data structure (i.e., teachers nested in schools) by adjusting
the standard errors of all model parameters in the statistical package Mplus 7.2
(TYPE = COMPLEX option; [74]). Moreover, the χ2 values for the models specified were cor-
rected using the formula by Satorra and Bentler [75]. Given that we apply multi-group model-
ing approaches (i.e., multi-group CFA and ESEM) to investigate the invariance of the TSES
measurement model across countries (Research Question 2) and the relations to external con-
structs (Research Question 3), the country level is taken into account as the level of grouping.
In light of the relatively small number of countries participating in TALIS 2013, we treated
country effects as fixed rather than random in the multi-group approach [76].

Among the teachers who took the questionnaire on self-efficacy, the percentage of missing
values ranged between 1.9–2.1% for the items. These missing values were not due to the design
of the study. Hence, we assumed that they occurred randomly and consequently applied full-
information maximum likelihood estimation [77]. As the present investigation was undertaken
with a large-scale data set and the specified models comprised a moderate number of parame-
ters, we chose the 1% level of significance.
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Results

Factor structure (Research Question 1)
To check whether or not the structure of the TSES measure with a perfect item-factor link was
supported by the data (Research Question 1), we fitted a CFA model to the total sample in a
first step and assumed three correlated traits, each representing one factor of self-efficacy. In
this model, cross-loadings were fixed to zero (see Table 2, CFA). The resulting model fitted the
data reasonably (see Table 2). In a second step, we applied ESEM and loosened the assumption
of a perfect item-factor link by using an oblique target rotation. The model fitted the data well
(see Table 2, ESEM) and significantly outperformed the CFA model, as indicated by the
remarkable reduction of the χ2 value, the lower values of the RMSEA and SRMR, and higher
values of the CFI and TLI, ΔCFI = +.036, ΔTLI = +.036, ΔRMSEA = –.008, ΔSRMR = –.027.
With respect to cross-loadings, the ESEM approach revealed significant values up to .31 (see
Table 2). According to the resulting factor loadings, items can be grouped into two categories:
(a) Items with the highest loading on the originally assigned factor and very low cross-loadings
(e.g., TT2G34H, TT2G34K); (b) Items with the highest loading on the originally assigned

Table 2. Standardized Factor Loadings, Factor Correlations, and Fit Indices of the CFA and ESEMApproaches for the Total TALIS 2013 Sample.

CFA ESEM

Item Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3

Factor 1: Classroom Management

TT2G34D .75 (.01)* – – .77 (.01)* –.06 (.01)* .03 (.01)*

TT2G34F .65 (.01)* – – .50 (.01)* .16 (.01)* .04 (.01)*

TT2G34H .80 (.01)* – – .83 (.01)* –.04 (.01)* .01 (.01)

TT2G34I .76 (.01)* – – .81 (.01)* –.01 (.01) –.05 (.01)*

Factor 2: Instruction

TT2G34C – .65 (.01)* – .06 (.01)* .34 (.01)* .31 (.02)*

TT2G34J – .71 (.01)* – .07 (.01)* .65 (.01)* .00 (.01)

TT2G34K – .73 (.01)* – .04 (.01)* .77 (.01)* –.06 (.01)*

TT2G34L – .76 (.01)* – –.06 (.01)* .77 (.01)* .04 (.01)*

Factor 3: Student Engagement

TT2G34A – – .76 (.01)* .01 (.01) –.02 (.01) .77 (.01)*

TT2G34B – – .80 (.01)* –.07 (.01)* –.08 (.01)* .97 (.01)*

TT2G34E – – .69 (.01)* .16 (.01)* .07 (.01)* .51 (.01)*

TT2G34G – – .70 (.01)* .07 (.01)* .31 (.01)* .39 (.01)*

Factor Correlations

Factor 2 .68 (.01)* – – .64 (.01)* – –

Factor 3 .66 (.01)* .78 (.01)* – .62 (.01)* .68 (.01)* –

Model Fit Indices

SB- χ2 [df] 4,313.7 [51]* 1,228.0 [33]*

CFI .950 .986

TLI .936 .972

RMSEA .023 .015

CI90-RMSEA [.022, .023] [.014, .016]

SRMR .041 .014

Note. Standard errors are shown in parentheses. SB- χ2 = Satorra-Bentler corrected χ2 value. CI90-RMSEA = 90% confidence interval of the RMSEA,

N = 164,687. In these analyses, the TALIS 2013 sample was considered a single-group sample.

* p < .01.

doi:10.1371/journal.pone.0150829.t002
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factor but substantial cross-loadings (e.g., TT2G34C, TT2G34G). The existence of items
belonging to the second category indicates an overlap between the self-efficacy factors. This
overlap was particularly apparent between the factors of ‘Instruction’ and ‘ClassroomManage-
ment’ as well as ‘Instruction’ and ‘Student Engagement’, and consequently led to lower factor
correlations in the ESEMmodel (see Table 2). For both the ESEM and CFA approach, the high-
est correlation was found between ‘Instruction’ and ‘Student Engagement’.

In the third step, we tested whether the ESEM approach was superior in each of the TALIS
2013 countries. These country-by-country analyses did not yet adopt a multi-group modeling
approach and showed that–although the CFA model showed marginal to acceptable fit statis-
tics (e.g., for Japan)–ESEM was preferred in 31 of the TALIS 2013 countries with the exception
of Bulgaria (see Table 3). This was indicated by a reduction in the χ2 statistic, lower RMSEA
values that were closer to the more restrictive cut-off of .05, lower SRMR values, and higher
CFI and TLI values. As one of the prerequisites of testing these models for measurement invari-
ance across countries is an acceptable fit of the model to the data of each country, the ESEM
rather than the CFA approach can be considered a candidate for invariance testing. We note
that these country-by-country analyses directly feed into the test for configural invariance,
which summarizes these analyses in a multi-group model. Hence, although described under
Research Question 2, the appropriate and superior fit of the configural invariance ESEM over
CFA supports the preference of ESEM (please refer to the subsequent section for more details).

In light of these results on the baseline factor structure, we accepted the ESEM approach as
a better representation of the structure of the TSES scale than the CFA approach. We therefore
focused the investigation of the different levels of measurement invariance on ESEM, yet
reporting the results of CFA invariance testing.

Measurement Invariance (Research Question 2)
Our second research question was aimed at testing whether or not the factor structure of the
TSES measure–as identified under Research Question 1 –could be generalized across countries.
To answer this question, we first applied measurement invariance testing to the ESEM
approach (see Table 4).

Applying the previously identified, criteria to evaluate changes in model fit but taking into
account that these criteria, we evaluated the results of invariance testing as follows: For the
total TALIS 2013 sample, the ESEM approach revealed metric invariance across the 32 partici-
pating countries, but failed to detect scalar and strict invariance. As a consequence, only com-
parisons of factor correlations or relations to, for instance, external constructs can be
compared. We noticed that only the change in the CFI was slightly higher than the suggested
cut-off (ΔCFI = –.012); yet, all other criteria were met. As noted previously, changes in fit statis-
tics are not equally sensitive to invariance and the suggested cut-offs are not to be regarded as
golden rules. In fact, small deviations from these cut-off values can still be accepted and do not
indicate substantial deviation from non-invariance [9]. For the Nordic cluster, themetric
invariancemodel represented the most acceptable model whereas assuming stricter levels of
invariance lead to a substantial decrease in model fit (ΔCFI = –.018, ΔTLI = –.018). This find-
ing implies that mean comparisons across the Nordic countries should not be employed; how-
ever, the pattern of factor correlations can be compared across countries [14]. For the East and
South-East Asian countries, the change in the CFI only slightly exceeded the suggested cut-off
for the CFI (ΔCFI = –.011); yet, all other cut-off criteria were met. We therefore accepted the
partial scalar invariance model. Since only one item intercept per factor was freely estimated in
this model, mean comparisons can still be employed [68, 78]. Specifically, the intercepts of
items TT2G34E, TT2G34F, and TT2G34L varied. Finally, the invariance testing across the

Teachers’ Self-Efficacy across Countries

PLOS ONE | DOI:10.1371/journal.pone.0150829 March 9, 2016 14 / 29



Table 3. Fit Indices and Comparisons of CFA and ESEMModels for Each Country.

Country Model SB- χ2 [df] CFI TLI RMSEA CI90-RMSEA SRMR

Australiaa CFA 1,399.2 [51]* .929 .908 .065 [.062, .068] .049

ESEM 550.0 [33]* .973 .946 .050 [.046, .054] .019

Brazil CFA 844.5 [51]* .944 .928 .034 [.032, .036] .042

ESEM 222.3 [33]* .987 .973 .021 [.018, .023] .015

Bulgaria CFA 520.1 [51]* .920 .897 .056 [.052, .060] .040

ESEM 393.8 [33]* .939 .877 .061 [.056, .066] .029

Chile CFA 444.3 [51]* .935 .916 .071 [.065, .077] .043

ESEM 145.3 [33]* .982 .963 .047 [.039, .055] .019

Croatia CFA 838.7 [51]* .932 .913 .065 [.061, .069] .048

ESEM 202.5 [33]* .985 .971 .038 [.033, .043] .015

Czech Republic CFA 661.8 [51]* .937 .918 .061 [.057, .065] .047

ESEM 166.3 [33]* .986 .972 .036 [.030, .041] .016

Denmarkb CFA 932.4 [51]* .932 .912 .058 [.055, .052] .041

ESEM 260.8 [33]* .982 .965 .037 [.033, .041] .017

Estonia CFA 703.8 [51]* .914 .888 .065 [.061, .069] .050

ESEM 166.5 [33]* .982 .965 .036 [.031, .042] .017

Finlandb CFA 2,152.5 [51]* .912 .887 .061 [.059, .063] .056

ESEM 592.1 [33]* .977 .953 .039 [.036, .042] .018

France CFA 652.1 [51]* .921 .898 .065 [.060, .069] .046

ESEM 313.9 [33]* .963 .926 .055 [.050, .061] .025

Israel CFA 627.6 [51]* .925 .903 .059 [.055, .063] .055

ESEM 211.4 [33]* .977 .954 .041 [.036, .046] .021

Italy CFA 1,064.2 [51]* .944 .928 .054 [.051, .057] .045

ESEM 367.3 [33]* .982 .963 .038 [.035, .042] .018

Japanc CFA 576.3 [51]* .957 .944 .055 [.051, .059] .047

ESEM 181.1 [33]* .988 .976 .036 [.031, .041] .015

Koreac CFA 1,166.7 [51]* .920 .896 .088 [.084, .092] .050

ESEM 366.7 [33]* .976 .952 .060 [.054, .065] .020

Latvia CFA 722.5 [51]* .912 .885 .056 [.053, .060] .051

ESEM 283.3 [33]* .967 .934 .043 [.038, .047] .021

Malaysiac CFA 1,017.0 [51]* .910 .883 .080 [.076, .084] .060

ESEM 211.4 [33]* .983 .967 .043 [.037, .048] .016

Mexico CFA 505.8 [51]* .960 .949 .031 [.028, .033] .034

ESEM 148.0 [33]* .990 .980 .019 [.016, .022] .013

Netherlands CFA 288.6 [51]* .946 .930 .051 [.045, .057] .039

ESEM 156.2 [33]* .972 .944 .046 [.039, .053] .022

Norwayb CFA 881.8 [51]* .944 .927 .047 [.044, .049] .049

ESEM 267.5 [33]* .984 .968 .031 [.027, .034] .017

Poland CFA 1,561.3 [51]* .922 .899 .054 [.052, .056] .048

ESEM 398.8 [33]* .981 .962 .033 [.030, .036] .017

Portugal CFA 1,336.7 [51]* .920 .896 .061 [.059, .064] .052

ESEM 327.0 [33]* .982 .963 .036 [.033, .040] .017

Serbia CFA 827.5 [51]* .924 .902 .063 [.059, .067] .048

ESEM 311.7 [33]* .973 .946 .047 [.042, .052] .020

Singaporec CFA 3,540.7 [51]* .925 .903 .081 [.079, .084] .049

ESEM 989.8 [33]* .979 .959 .053 [.050, .056] .016

Slovak Republic CFA 905.8 [51]* .913 .887 .070 [.066, .074] .048

(Continued)
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Anglo-Saxon countries revealed that strict invariance was given. Hence, for these countries, mean
comparisons of the TSES factors can be employed using their factor scores or sum scores.

In a second step, we conducted the invariance analyses for the CFA approach, although the
baseline models indicated a strong preference for the ESEM approach, and showed only sub-
stantial fit statistics for each of the 32 countries. The results are detailed in Table 5 and indicate
changes in goodness-of-fit similar to those in ESEM. Specifically, the CFA approach led to met-
ric invariance for the total sample, partial scalar invariance for the East and South-East Asian
country cluster, strict invariance for the Anglo-Saxon country cluster, and metric invariance
for the Nordic country cluster. However, as the ESEM invariance models significantly out-
performed the CFA invariance models in terms of model fit for both the total TALIS 2013
sample and the selected country clusters, we regarded this as support for the preference of
ESEM.

As a final step of comparing the CFA and ESEM approaches, we investigated the factor cor-
relations on the basis of the metric invariance models. Table 6 details these correlations for
each of the 32 countries. In general, a tendency of lower correlations in the ESEM approach
could be observed, which was also apparent in the total sample data (see Table 2). This observa-
tion was due to the existence of cross-loadings in ESEM. Specifically, the factor correlations
ranged between .50 and .90; the highest coefficients were obtained for the relation between
teachers’ self-efficacy in instruction and student engagement. Whereas most correlations dif-
fered only slightly between CFA and ESEM, there was considerable cross-country variation in

Table 3. (Continued)

Country Model SB- χ2 [df] CFI TLI RMSEA CI90-RMSEA SRMR

ESEM 285.8 [33]* .974 .948 .047 [.042, .052] .019

Spain CFA 1,695.6 [51]* .924 .902 .059 [.057, .061] .056

ESEM 402.0 [33]* .983 .966 .035 [.032, .038] .017

Swedenb CFA 696.1 [51]* .933 .913 .063 [.059, .067] .055

ESEM 214.4 [33]* .981 .962 .042 [.036, .047] .019

United States of CFA 468.8 [51]* .922 .900 .066 [.061, .072] .064

Americaa ESEM 186.9 [33]* .971 .943 .050 [.043, .057] .023

Sub-national entities

England (United CFA 586.1 [51]* .922 .900 .067 [.062, .072] .051

Kingdom) a ESEM 240.3 [33]* .970 .940 .052 [.046, .058] .022

Flanders (Belgium) CFA 1,145.5 [51]* .923 .901 .062 [.058, .065] .053

ESEM 303.2 [33]* .981 .962 .038 [.034, .042] .017

Abu Dhabi (United Arab Emirates) CFA 639.7 [51]* .924 .902 .050 [.047, .054] .046

ESEM 270.4 [33]* .969 .939 .040 [.036, .044] .020

Alberta (Canada) CFA 588.7 [51]* .923 .900 .078 [.073, .084] .055

ESEM 230.5 [33]* .972 .943 .059 [.052, .066] .021

Romania CFA 523.4 [51]* .921 .898 .038 [.035, .041] .047

ESEM 225.4 [33]* .968 .936 .030 [.026, .034] .022

Note. SB- χ2 = Satorra-Bentler corrected χ2 value. CI90-RMSEA = 90% confidence interval of the RMSEA, CFA = Confirmatory Factor Analysis,

ESEM = Exploratory structural equation modeling.
a Anglo-Saxon country cluster
b Nordic country cluster
c East and South-East Asian country cluster.

* p < .01.

doi:10.1371/journal.pone.0150829.t003
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the relation between the scales “Classroom management” and “Student engagement”–the two
scales that indicated a substantial overlap in many countries.

Taken together, within each country cluster and for the entire TALIS 2013 sample, at least
metric invariance could be established using ESEM, showing that the TSES factor structure
(i.e., number of factors and factor loadings) is robust. Furthermore, for the East and South-East
Asian as well as the Anglo-Saxon countries mean comparisons were meaningful. Please find
the corresponding mean comparisons in the S2 Table. We noticed that the use of ESEM
improved the invariance within the selected country clusters but not across the entire set of 32
participating countries.

Correlations with External Constructs (Research Question 3)
To address our third research question, we investigated the correlations among teachers’ self-
efficacy, their years of work experience and job satisfaction with the teaching profession. Given
that metric invariance was met for both the CFA and ESEM approach across all TALIS 2013

Table 4. Fit Indices and Comparisons of ESEM Invariance Models (32-countries group and country clusters).

Model SB- χ2 [df] CFI TLI RMSEA CI90-RMSEA SRMR ΔCFI ΔTLI ΔRMSEA ΔSRMR

Total TALIS 2013 Sample

Configural invariance 9,489.4 [1,056]* .979 .958 .039 [.039, .040] .018 – – – –

Metric invariance 15,288.1 [1,893]* .967 .963 .037 [.037, .038] .041 –.012 +.005 –.002 +.023

Scalar invariance 43,780.5 [2,172]* .896 .899 .061 [.061, .062] .071 –.071 –.064 +.024 +.030

Strict invariance 60,441.1 [2,544]* .855 .880 .066 [.066, .067] .121 –.041 –.019 +.005 +.050

East and South-East Asian
countries (Japan, Korea,
Malaysia, Singapore)

Configural invariance 1,719.3 [132]* .981 .961 .050 [.048, .052] .016 – – – –

Metric invariance 2,614.5 [213]* .971 .964 .048 [.046, .050] .036 –.010 +.003 –.002 +.020

Partial scalar invariance 3,489.4 [231]* .960 .955 .054 [.052, .055] .042 –.011 –.009 +.006 +.020

Scalar invariance 5,579.1 [240]* .935 .929 .067 [.066, .069] .052 –.025 –.016 +.006 +.010

Strict invariance 6,679.8 [276]* .922 .925 .069 [.067, .070] .077 –.013 –.004 +.002 +.025

Anglo-Saxon countries
(Australia, England, Unites
States of America)

Configural invariance 954.6 [99]* .972 .945 .050 [.047, .053] .020 – – – –

Metric invariance 1,052.0 [153]* .971 .963 .041 [.039, .043] .026 –.001 +.018 –.009 +.006

Partial scalar invariance 1,143.0 [165]* .969 .962 .041 [.039, .043] .029 –.002 –.001 –.009 +.006

Scalar invariance 1,261.6 [171]* .965 .959 .043 [.041, .045] .032 –.004 –.003 +.002 +.003

Strict invariance 1,291.5 [195]* .965 .964 .040 [.038, .042] .040 .000 +.005 –.003 +.008

Nordic countries
(Denmark, Finland,
Norway, Sweden)

Configural invariance 1,434.4 [132]* .980 .960 .038 [.037, .040] .018 – – – –

Metric invariance 2,016.3 [213]* .973 .966 .036 [.034, .037] .033 –.007 +.006 –.002 +.015

Partial scalar invariance 3,209.4 [231]* .955 .948 .044 [.043, .045] .039 –.018 –.018 +.008 +.006

Scalar invariance 5,307.7 [240]* .923 .915 .056 [.055, .057] .056 –.022 –.033 +.012 +.017

Strict invariance 6,429.5 [276]* .907 .911 .058 [.056, .059] .082 –.016 –.004 +.002 +.026

Note. SB- χ2 = Satorra-Bentler corrected χ2 value. CI90-RMSEA = 90% confidence interval of the RMSEA.

* p < .01. For the total TALIS 2013 sample, partial scalar was not tested due to a large number of possible combinations that could be used to constrain

some of the item intercepts across the 32 participating countries.

doi:10.1371/journal.pone.0150829.t004
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countries, it was possible to compare the relations to these external constructs by using multi-
group CFA and ESEMmodels of metric invariance. Table 7 shows the resulting correlations.

Examining the correlations between the TSES factors and work experience, the total TALIS
2013 sample revealed small but significantly positive relations for all factors, suggesting that
the more experience teachers have, the higher their self-efficacy. This finding was by and large
replicated for the countries within the three selected clusters; nevertheless, in some countries,
the correlations were insignificant. Comparing these results across the two modeling
approaches (i.e., CFA versus ESEM) indicated only small differences in the correlations; in fact,
they were statistically insignificant (results of the corresponding significance tests are not
shown in the table for reasons of comprehensibility).

The correlations between the TSES factors and teachers’ job satisfaction with their profes-
sion were significantly positive for the total sample and each of the 32 TALIS 2013 countries,
suggesting that high levels of self-efficacy were associated with high levels of job satisfaction.

Table 5. Fit Indices and Comparisons of CFA Invariance Models (32-countries group and country clusters).

Model SB- χ2 [df] CFI TLI RMSEA CI90-RMSEA SRMR ΔCFI ΔTLI ΔRMSEA ΔSRMR

Total TALIS 2013 sample

Configural invariance 30,275.3 [1,632]* .928 .907 .058 [.058, .059] .049 – – – –

Metric invariance 33,222.1 [1,911]* .922 .913 .056 [.056, .057] .058 –.006 +.006 –.002 +.009

Scalar invariance 63,041.3 [2,190]* .848 .853 .073 [.073, .074] .082 –.074 –.060 +.017 +.024

Strict invariance 79,986.0 [2,562]* .806 .840 .077 [.076, .077] .130 –.042 –.013 +.004 +.047

East and South-East Asian
countries (Japan, Korea,
Malaysia, Singapore)

Configural invariance 6,239.1 [204]* .927 .905 .078 [.076, .079] .050 – – – –

Metric invariance 6,730.3 [231]* .921 .910 .076 [.074, .077] .056 –.006 +.005 –.002 +.006

Partial scalar invariance 7,556.9 [249]* .911 .906 .078 [.076, .079] .057 –.010 –.004 +.002 +.001

Scalar invariance 10,371.3 [258]* .877 .874 .090 [.088, .091] .070 –.034 –.032 +.012 +.017

Strict invariance 11,267.8 [294]* .866 .880 .087 [.086, .089] .091 –.011 –.006 –.003 +.021

Anglo-Saxon countries
(Australia, England, Unites
States of America)

Configural invariance 2,421.5 [153]* .927 .906 .065 [.063, .067] .053 – – – –

Metric invariance 2,507.7 [171]* .925 .913 .063 [.060, .065] .054 –.002 +.007 –.002 +.001

Partial scalar invariance 2,602.7 [183]* .922 .916 .062 [.059, .064] .056 –.003 +.003 –.001 +.002

Scalar invariance 2,752.2 [189]* .918 .914 .062 [.060, .064] .059 –.004 –.002 .000 +.003

Strict invariance 2,783.4 [213]* .917 .923 .059 [.057, .061] .063 –.001 +.009 –.003 +.004

Nordic countries
(Denmark, Finland,
Norway, Sweden)

Configural invariance 5,041.0 [204]* .927 .905 .059 [.058, .061] .051 – – – –

Metric invariance 5,401.5 [231]* .922 .910 .058 [.056, .059] .057 –.005 –.005 –.001 +.006

Partial scalar invariance 6,619.1 [249]* .903 .897 .062 [.061, .063] .062 –.019 –.013 +.004 +.005

Scalar invariance 9,645.8 [258]* .857 .854 .074 [.072, .075] .076 –.046 –.043 +.012 +.015

Strict invariance 10,905.8 [294]* .839 .855 .073 [.072, .075] .105 –.018 +.001 –.001 +.029

Note. SB- χ2 = Satorra-Bentler corrected χ2 value. CI90-RMSEA = 90% confidence interval of the RMSEA. For the total TALIS 2013 sample, partial scalar

was not tested due to a large number of possible combinations that could be used to constrain some of the item intercepts across the 32 participating

countries.

* p < .01.

doi:10.1371/journal.pone.0150829.t005
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As for the relations to work experience, the differences in the correlations between the CFA
and ESEM approach were insignificant. Hence, for both external variables, the metric invari-
ance models of the two modeling approaches corresponded.

Table 6. Correlations among the three Factors of Teachers’ Sense of Self-Efficacy for CFA and ESEM.

Country Correlations ρ (CFA/ESEM)

Classroom Management–
Instruction

Classroom Management–Student
Engagement

Instruction–Student
Engagement

Australiaa .69*/ .64* .60*/ .55* .74*/ .64*

Brazil .66*/ .61* .75*/ .67* .76*/ .65*

Bulgaria .68*/ .65* .74*/ .67* .84*/ .75*

Chile .79*/ .75* .81*/ .73* .85*/ .73*

Croatia .67*/ .59* .64*/ .55* .73*/ .60*

Czech Republic .59*/ .52* .59*/ .53* .74*/ .59*

Denmarkb .61*/ .56* .68*/ .61* .81*/ .68*

Estonia .65*/ .61* .68*/ .56* .79*/ .63*

Finlandb .63*/ .58* .63*/ .56* .79*/ .65*

France .59*/ .53* .60*/ .54* .73*/ .63*

Israel .65*/ .60* .65*/ .59* .77*/ .68*

Italy .62*/ .55* .69*/ .64* .79*/ .70*

Japanc .68*/ .64* .64*/ .62* .83*/ .78*

Koreac .83*/ .80* .84*/ .77* .90*/ .82*

Latvia .60*/ .53* .58*/ .51* .64*/ .50*

Malaysiac .73*/ .69* .76*/ .71* .87*/ .77*

Mexico .67*/ .62* .68*/ .63* .82*/ .73*

Netherlands .62*/ .57* .64*/ .59* .79*/ .71*

Norwayb .58*/ .51* .67*/ .61* .75*/ .60*

Poland .69*/ .64* .65*/ .55* .81*/ .65*

Portugal .64*/ .60* .69*/ .61* .76*/ .67*

Serbia .65*/ .59* .69*/ .61* .72*/ .59*

Singaporec .75*/ .71* .74*/ .67* .82*/ .73*

Slovak Republic .74*/ .69* .78*/ .67* .83*/ .67*

Spain .61*/ .54* .68*/ .62* .72*/ .60*

Swedenb .56*/ .49* .68*/ .62* .82*/ .72*

United States of Americaa .61*/ .55* .57*/ .53* .68*/ .57*

Sub-national entities

England (United Kingdom)a .67*/ .63* .66*/ .59* .73*/ .64*

Flanders (Belgium) .57*/ .50* .61*/ .54* .78*/ .63*

Abu Dhabi (United Arab
Emirates)

.71*/ .66* .78*/ .70* .77*/ .66*

Alberta (Canada) .62*/ .57* .59*/ .54* .71*/ .61*

Romania .75*/ .68* .67*/ .61* .69*/ .62*

Note. In each cell, the first correlation reported was obtained from the CFA and the second from the ESEM approach.
a Anglo-Saxon country cluster
b Nordic country cluster
c East and South-East Asian country cluster.

* p < .01.

doi:10.1371/journal.pone.0150829.t006
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Table 7. Correlations among the three Factors of the TSESmeasure and External Constructs (Years of Work experience and Job Satisfaction) for
CFA and ESEM.

Sample Correlations
ρ (CFA/ESEM)

Classroom
Management–Work

experience

Instruction–
Work

experience

Student
Engagement–Work

experience

Classroom
Management–Job

Satisfaction

Instruction–Job
Satisfaction

Student
Engagement–Job

Satisfaction

Australiaa .11*/ .10* .13*/ .12* .11*/ .11* .23*/ .22* .23*/ .22* .26*/ .25*

Brazil .10*/ .11* -.01/ -.01 .08*/ .07* .19*/ .19* .23*/ .22* .30*/ .28*

Bulgaria -.05/ -.05 -.10*/ -.09* -.05/ -.06 .26*/ .27* .19*/ .17* .27*/ .26*

Chile .10*/ .11* .02/ .01 .05/ .05 .25*/ .24* .24*/ .23* .32*/ .32*

Croatia .16*/ .16* .20*/ .18* .25*/ .24* .32*/ .31* .27*/ .25* .37*/ .35*

Czech Republic .14*/ .14* .06/ .03 .06/ .06 .21*/ .21* .19*/ .17* .23*/ .22*

Denmarkb .18*/ .18* .13*/ .11* .14*/ .14* .29*/ .29* .27*/ .25* .28*/ .27*

Estonia .05/ .06 .03/ -.03 .03/ .02 .10*/ .09* .19*/ .17* .28*/ .27*

Finlandb .07*/ .08* .00/ .00 .06*/ .05* .25*/ .25* .29*/ .27* .33*/ .31*

France .16*/ .16* .09*/ .07* .18*/ .18* .22*/ .22* .20*/ .19* .21*/ .20*

Israel .07*/ .07* .05/ .05 .07*/ .07* .29*/ .29* .20*/ .19* .28*/ .27*

Italy .21*/ .21* .06*/ .05* .09*/ .08* .20*/ .20* .21*/ .19* .26*/ .25*

Japanc .11*/ .11* .12*/ .11* .21*/ .21* .27*/ .26* .23*/ .22* .25*/ .25*

Koreac .10*/ .10* .07*/ .06* .07*/ .06* .28*/ .29* .26*/ .26* .31*/ .28*

Latvia .11*/ .11* .05/ .04 .10*/ .09* .16*/ .16* .21*/ .19* .28*/ .28*

Malaysiac .03/ .03 .03/ .03 .10*/ .10* .33*/ .32* .37*/ .35* .41*/ .40*

Mexico .06*/ .07* .01/ .01 .04/ .03 .25*/ .24* .34*/ .33* .37*/ .36*

Netherlands .09*/ .08* .03/ .03 .11*/ .12* .27*/ .27* .26*/ .24* .32*/ .31*

Norwayb .12*/ .12* -.02/ -.04 .04/ .04 .24*/ .24* .24*/ .21* .27*/ .26*

Poland .13*/ .12* .08/ .08* .11*/ .11* .24*/ .23* .25*/ .23* .30*/ .29*

Portugal .01/ .01 -.02/ -.02 -.01/ -.02 .25*/ .25* .22*/ .21* .25*/ .23*

Serbia .08*/ .08* .02/ .01 .13*/ .13* .32*/ .31* .27*/ .23* .38*/ .37*

Singaporec .16*/ .15* .19*/ .18* .23*/ .23* .19*/ .18* .20*/ .19* .27*/ .27*

Slovak Republic .13*/ .13* .12*/ .11* .15*/ .14* .23*/ .23* .21*/ .19* .26*/ .25*

Spain .06*/ .06* -.05*/ -.06* -.02/ -.01 .31*/ .30* .29*/ .27* .33*/ .32*

Swedenb .15*/ .15* .05/ .03 .13*/ .14* .14*/ .15* .24*/ .24* .28*/ .25*

United States of
Americaa

.14*/ .13* .07/ .06 .05/ .05 .17*/ .16* .16*/ .14* .30*/ .30*

Sub-national
entities

England (United
Kingdom)a

.09*/ .08* .04/ .03 .10*/ .11* .20*/ .20* .19*/ .17* .30*/ .29*

Flanders
(Belgium)

.12*/ .12* .08*/ .08* .16*/ .15* .16*/ .16* .12*/ .09* .13*/ .13*

Abu Dhabi
(United Arab
Emirates)

.17*/ .17* .16*/ .16* .17*/ .16* .21*/ .20* .23*/ .22* .29*/ .29*

Alberta (Canada) .18*/ .17* .09*/ .08 .16*/ .17* .18*/ .18* .18*/ .16* .25*/ .25*

Romania .12*/ .12* .11*/ .10* .13*/ .12* .23*/ .23* .27*/ .25* .32*/ .32*

Total TALIS
2013 Sample

32 countries .09*/ .09* .03*/ .02 .04*/ .04* .19*/ .19* .23*/ .22* .68*/ .64*

Note. In each cell, the first correlation reported was obtained from the CFA and the second from the ESEM approach.
a Anglo-Saxon country cluster
b Nordic country cluster
c East and South-East Asian country cluster.

* p < .01.

doi:10.1371/journal.pone.0150829.t007
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Discussion
Recent research on teachers’ self-efficacy has been concerned with the appropriate measure-
ment of these self-beliefs with a particular emphasis on its dimensionality and invariance
across countries [7, 12]. Some studies found considerable evidence for the distinction between
three or more facets of the TSES measure and the invariance of the underlying models across
countries [10, 11]. Furthermore, researchers have pointed out that comparing self-efficacy
across countries on the basis of representative large-scale assessment data is often compro-
mised [9, 15]. Against this background, the present investigation was concerned with the
modeling of teachers’ self-efficacy as a multidimensional construct by using representative
TALIS 2013 data. Using exploratory structural equation modeling, we found support for our
theoretical assumptions on the existence of significant cross-loadings in the factor structure of
the TSES measure and obtained evidence on at least metric invariance across the 32 participat-
ing countries, and (partial) scalar invariance for some country clusters. We discuss our results
in light of the potential advantages of the ESEM on the one hand, and with respect to the valid-
ity of the TSES measure on the other hand.

Structure of the Teachers’ Sense of Self-efficacy Measure
(Research Question 1)
Our first research question addressed the structure of the TSES measure and tested the assump-
tion of perfect item-factor links, as manifested by significant item cross-loadings. The results
suggested that an exploratory structural equation model with three correlated factors fitted the
data significantly better than a CFA model without cross-loadings. This finding has a number
of implications: First, given the acceptable model fit for the total sample and all of the country
samples, we have support for the distinction between three facets of teachers’ self-efficacy,
namely self-efficacy in classroom management, instruction, and student engagement. This
result is in line with a number of studies who have examined the dimensionality of the TSES
measure, and supports the argumentation that the construct is multifaceted [6–8, 24, 27].
Besides this conceptual perspective on the dimensionality, we can also interpret our finding as
evidence for the factorial validity the self-efficacy assessment used in TALIS 2013, since there is
a remarkable fit between the hypothesized and empirical structure of the construct [79]. Given
that this finding did not only hold for the total sample but also for each country, the robustness
of the structure and conceptualization is indicated [7]. Moreover, in line with Klassen et al.
[11], the high reliabilities of the three self-efficacy factors show the accuracy of the measure-
ment, thus meeting the prerequisites of studying construct validity. From a practitioner’s point
of view and based on the multidimensional information on self-efficacy in the measurement,
the needs for professional and personal development can be identified [25]. This information
may be used for specific interventions on strengthening teachers’ self-efficacy and thereby
enhancing their well-being and job satisfaction in order to prevent burnout and emotional
exhaustion [5, 7].

Second, the differentiation of self-efficacy into three factors also shows that the construct
corresponds to aspects of teaching quality such as classroom management, instructional strate-
gies of cognitive activation, and student engagement that are at the center of research on
instructional quality and often assessed at the student level [18, 19, 36, 39]. Our secondary data
analyses supported this correspondence in light of the factor structure. Furthermore, this argu-
mentation builds upon the idea that these perceptions should be assessed by items that cover a
wide range of teaching practices, fit the classroom context and the requirements of teaching
[25, 34]. However, further research should aim at linking the self-efficacy factors with observed
or rated teaching quality factors directly [80]. Some studies have already shown a positive link
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between the two concepts of self-efficacy and teaching quality with respect to classroom man-
agement [3, 35].

Third, in light of the moderate to high correlations among the teacher self-efficacy factors
obtained from ESEM, we furthermore argue that these results confirm previous findings that
the three factors are related, indicating that teachers are generally able to distinguish between
the three factors when evaluating their instructional capabilities [25, 81]. Nevertheless, a
higher-order factor model comprising a second-order and three first-order factors of the TSES
measure may also appear reasonable, particularly because some research suggests that for
teachers with little work experience, the TSES can be better described by a single-factor model
[27]. We therefore encourage further research on the potential changes in the factor structure
of TSES across different levels of work experience [28].

Fourth, the distinction between the three factors is not perfect, since significant cross-load-
ings existed (see Table 2). Freeing the assumption of perfect item-factor links led to well-fitting
measurement models. From a conceptual perspective, this result supports our expectations on
the existence of a construct overlap that reflects the commonalities between the measurements
of the three self-efficacy factors. Referring to research on teaching practices and quality, we
argue that the concepts of classroom management, instruction, and student engagement are
not clearly distinct [18]. For instance, cognitively activating activities may go together with
engaging students for learning [82]. In the same way, teachers’ self-efficacy beliefs may overlap.
From a measurement point of view, this overlap can also be interpreted as an item characteris-
tic. Nevertheless, although eliminating items with cross-loadings is a common practice in the
development of ‘psychometrically pure’ scales, we argue that deleting these items would com-
promise the conceptual breadth of the TSES measure. With the advancement of new methodol-
ogies such as ESEM, construct overlaps can be explicitly modeled in order to best represent the
theoretical conception of constructs. Another possibility of coping with items that show signifi-
cant cross-loadings is to revise them by changing their wording such that it becomes clearer to
which factor they belong. This approach, however, requires multiple steps of test validation, as
the revised items need to be evaluated repeatedly.

Taken together, we answer Research Question 1 as follows: For the total sample and the
selected subsamples of countries who participated in the TALIS 2013 study, the assumption of
perfect item-factor links does not hold. In our study, ESEM provides a flexible modeling
approach which represents the substantive assumption on the factor structure better than CFA
without cross-loadings in terms of absolute goodness-of-fit.

Invariance of Teachers’ Self-efficacy (Research Question 2)
Our second research question was concerned with the invariance of the previously identified
TSES measurement model across countries. In general, across all countries, the numbers of fac-
tors and loadings remained comparable, indicating that the factor structure is robust (see [12]
for comparable findings). To some extent, this finding lends evidence on the generalizability of
the three-factor structure and suggests construct validity [11]. Given that metric invariance
was achieved across all participating TALIS 2013 countries, comparisons of relations to exter-
nal constructs [given that they also provide at least metric invariance] can be conducted. This
finding was to some extent expected, as the countries represent culturally and educationally
diverse systems, in which self-beliefs may be understood differently [15]. Nevertheless, this
finding is consistent with existing studies on the cross-cultural invariance of the TSES measure
that used multi-group CFA [10–12, 15, 33, 49]. Even though ESEM provided a significantly
better representation of TSES at the country level (see Research Question 1) and provided a
modeling approach that is flexible enough to be extended to multi-group ESEM, the existence
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of cross-loadings did not lead to an improvement in the overall level of invariance across all
countries. This finding is not surprising, because the item intercept structure is not necessarily
aligned when allowing for item cross-loadings in data sets with a relatively large number of
groups [43, 44].

With respect to the country clusters, the results of invariance testing suggested that different
levels of invariance were given for each cluster; the ESEM factor structure is not fully invariant,
because strict invariance has only been met for the cluster of Anglo-Saxon countries. In partic-
ular, the Nordic cluster showed metric invariance across countries, indicating the comparabil-
ity of the number of factors and the item-factor links. Since higher levels of invariance such as
scalar invariance which assume equal item intercepts did not hold, factor mean comparisons
are compromised because the three factors have different meanings across countries [14]. This
indication of differential item functioning might be due to different response styles of teachers
in the Nordic countries, which manifest in unequal intercepts. In fact, Vieluf and colleagues
[15] found support for this argument for at least Norwegian and Danish teachers who partici-
pated in TALIS 2008 and showed significant differences in their general self-efficacy. More-
over, the general response tendencies for the Nordic countries in TALIS 2013 indicated higher
self-efficacy beliefs for Danish and Swedish teachers at the item level ([19], pp. 407–408). But
this finding warrants further research on the particular reasoning of why the self-efficacy
assessment in TALIS 2013 worked out differently in these countries. Potential sources of item
bias may be related to differences in teacher education, teaching requirements, language differ-
ences, and cultural differences in teaching beliefs [51]. For the East and South-East Asian coun-
tries, partial scalar invariance with three freely estimated intercepts could be established.
Hence, the comparability of factor scores is partly given. The three items that showed differen-
tial functioning referred to teachers’ self-efficacy in motivating students who show low interest
in learning (TT2G34E), making expectations about student behavior clear (TT2G34F), and
implementing alternative instructional strategies (TT2G34L). These items might be “culturally
sensitive” or biased, since the classroom practices they refer to may vary across the Asian coun-
tries [51]. Moreover, in light of the different educational cultures in these countries [11, 19],
different beliefs about teaching practices may interact with the understanding of the self-effi-
cacy items. Finally, full invariance could be established for the Anglo-Saxon countries, lending
evidence on full generalizability of the self-efficacy measure. We suspect that the language simi-
larities and similarities in teaching practices may explain this finding [19]. Moreover, for the
majority of students in these countries, the original version of the TALIS 2013 questionnaire
was used, for which any translation into another language was not necessary. Hence, since the
same, untranslated TSES scale was administered, translation bias did not affect the
measurement.

In summary, in line most studies on cross-country comparisons that took a multidimen-
sional perspective of teachers’ self-efficacy and only found metric or invariance of covariance
matrices across educationally diverse countries such as Australia and China [10], Canada,
Cyprus, Korea, Singapore, and the United States [11], and Germany and New Zealand [12], the
ESEM approach, as applied in our study, led to the same result across the 32 participating
TALIS 2013 countries. Nevertheless, higher levels of invariance and comparability could be
achieved for two country clusters comprising educationally more similar countries. Conse-
quently, we argue that too strict assumptions on the factor structure may cause non-invariance.
Interestingly, our study shows that differences in item functioning between countries of similar
cultures exist [7, 11], although it would have been more likely to find such differences for
inherently different cultures [10]. We note that although our selection of country clusters was
theory-driven, further statistical criteria could be developed in order to identify clusters for
which scalar or even full measurement invariance may hold.
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Relations to Teachers’Work experience and Job Satisfaction (Research
Question 3)
In order to study the impact of the existence of construct overlaps as manifested by significant
cross-loadings, we studied the relations among the TSES factors, teachers’ work experience,
and their job satisfaction with their profession. Supporting prior research, there was a positive
relation between TSES and job satisfaction for the total TALIS 2013 sample and the selected
countries [1, 10, 11], whereas the positive TSES—work experience relation indicated some
country-specific variation; yet, suggesting a positive association that confirms prior research
[26]. Hence, the general findings on the correlations between TSES and external variables were
in line with what can be expected from existing research. Interestingly, the results did not differ
between the CFA and ESEM approaches, pointing to limited effects of construct overlaps on
the correlations. Nevertheless, it needs to be further clarified to what extent further parameters
in the TSES measurement model may explain and influence these results.

Limitations and Future Directions
One limitation of the present investigation lies in the relatively low number and content cover-
age of the items which were used to measure teachers’ self-efficacy. An increased number of
items representing even further facets of teachers’ self-efficacy such as the capabilities for coop-
erating with parents and colleagues or adapting education to individual students’ needs [6, 25]
would be desirable in order to sustain construct breadth. Furthermore, the present study only
focused on one TSES measure that described teachers’ general self-beliefs in their instructional
capabilities; alternative measures that describe more domain-specific self-beliefs may be exam-
ined in future research. In addition, the TALIS 2013 study did not incorporate other countries
from the selected clusters. For instance, besides the East and South-East Asian countries used
in the present investigation, studying teachers’ self-efficacy in countries such as China or Tai-
wan would enhance our knowledge about cross-country differences within the cluster, espe-
cially because these countries show remarkable differences in teacher education, student
achievement, and teaching practices [83, 84]. Finally, the different aspects of teachers’ self-effi-
cacy may be related to their actual performance in classrooms [3, 4, 21]. While taking a cross-
country perspective, linking teachers’ perceived instructional capabilities with their profes-
sional competence may provide meaningful insights into the determinants of instructional
quality and student achievement [1, 22, 85].

Contribution of the Study
The present study contributes to research on teachers’ self-efficacy in several ways: First, our
results support the assumption of the multidimensionality of the TSES measure with three dis-
tinct but overlapping facets, and thus point to the demand of using assessments that are aligned
with instructional practices [25]. Second, by using international large-scale data with representa-
tive samples and by taking a multidimensional perspective of teachers’ self-efficacy, we address
the methodological challenge of invariance testing for self-efficacy measures [9, 15]. We were
able to show that multi-group ESEM provides a promising approach to overcome this challenge
to some extent. Third, our research responds to Malinen et al.’s [33] call for comparative studies
on self-efficacy. We provide further insights into the cross-cultural generalizability of the factor
structure across countries and the levels of measurement invariance attained. In this context, we
regard this research as a step of construct validation with respect to the comparability and cross-
national adequacy of the TSES measure and, thus, as having provided important information for
researchers planning further cross-country comparisons of teachers’ self-efficacy [11, 24].
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Finally, the main contribution of this research lies in the demonstration that: (a) previous
findings on the distinction between three factors of teachers’ self-efficacy hold even when
studying large-scale teacher samples; and (b) ESEM provides an effective tool to study cross-
country measurement invariance of the TSES scale, which measures a construct that is com-
prised of three factors that are not strictly orthogonal. Regarding the latter contribution, ESEM
may generally be a better representation of constructs with an overlapping and correlated inter-
nal structure [44].

Conclusions
Our approach in modeling the structure and invariance of the teachers’ sense of self-efficacy
measure indicated the existence of an overlap between the three factors of the construct, reflect-
ing commonalities between the measurements of classroom management, student engagement,
and instruction. Given that modeling this overlap existed in each country sample and resulted
in improvements of comparability across countries of selected clusters, we hope to encourage
researchers that are working on teachers’ self-efficacy to account for the overlap and thereby
improve the quality of the measurement models. In this regard, we argue that for teachers’ self-
efficacy, the assumption of perfect item-factor links may not fully reflect the nature of the con-
struct. As a conclusion, we encourage researchers to consider using ESEM as an alternative and
flexible approach to represent the construct in cross-cultural studies [16, 44].

Although our study also implies that researchers need to be cautious in using the TSES mea-
surement for cross-country mean comparisons, because scalar invariance may not be achieved
for larger numbers of countries, it points to the cross-cultural generalizability of the model that
assumes three correlated factors of self-efficacy and imperfect item-factor links. Hence, we
hope to stimulate substantive-methodological synergisms that uncover potential reasons for
these cross-cultural differences and similarities on the one hand, and develop latent variable
models that deal with threats of measurement invariance on the other hand. Such synergisms
may bring us further in our quest for comparability.

Supporting Information
S1 Table. Items Measuring Teachers’ Self-Efficacy (OECD, 2014b, p. 195). Note. The item
labels represent those used in TALIS 2013.
(DOCX)

S2 Table. Factor Means of Teachers’ Self-Efficacy across Countries. Note. # Reference coun-
try. Standard deviations of factors were standardized to 1. � p< .01.
(DOCX)

S3 Table. General information about the TALIS Board of Participating Countries (BPC).
(DOCX)

Author Contributions
Conceived and designed the experiments: RS TNMJ. Performed the experiments: RS. Analyzed
the data: RS TNMJ SA HWM. Contributed reagents/materials/analysis tools: HWM SA.
Wrote the paper: RS TNMJ HWM SA. Scientific advice: HWM SA.

References
1. Caprara GV, Barbaranelli C, Steca P, Malone PS. Teachers' self-efficacy beliefs as determinants of job

satisfaction and students' academic achievement: A study at the school level. Journal of School Psy-
chology. 2006; 44(6):473–90. doi: 10.1016/j.jsp.2006.09.001

Teachers’ Self-Efficacy across Countries

PLOS ONE | DOI:10.1371/journal.pone.0150829 March 9, 2016 25 / 29

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150829.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150829.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0150829.s003
http://dx.doi.org/10.1016/j.jsp.2006.09.001


2. Hattie J. Visible Learning–A Synthesis of Meta-Analyses in Education. London: Routledge; 2009.

3. Holzberger D, Philipp A, Kunter M. Predicting teachers’ instructional behaviors: The interplay between
self-efficacy and intrinsic needs. Contemporary Educational Psychology. 2014; 39(2):100–11. doi: 10.
1016/j.cedpsych.2014.02.001

4. Klassen RM, Tze VMC. Teachers’ self-efficacy, personality, and teaching effectiveness: A meta-analy-
sis. Educational Research Review. 2014; 12:59–76. doi: 10.1016/j.edurev.2014.06.001

5. Skaalvik EM, Skaalvik S. Teacher self-efficacy and teacher burnout: A study of relations. Teaching and
Teacher Education. 2010; 26(4):1059–69. doi: 10.1016/j.tate.2009.11.001

6. Tschannen-Moran M, Woolfolk Hoy A. Teacher efficacy: capturing an elusive construct. Teaching and
Teacher Education. 2001; 17(7):783–805. doi: 10.1016/S0742-051X(01)00036-1

7. Klassen RM, Tze VMC, Betts SM, Gordon KA. Teacher Efficacy Research 1998–2009: Signs of Prog-
ress or Unfulfilled Promise? Educational Psychology Review. 2011; 23(1):21–43. doi: 10.1007/s10648-
010-9141-8

8. Ryan AM, Kuusinen CM, Bedoya-Skoog A. Managing peer relations: A dimension of teacher self-effi-
cacy that varies between elementary and middle school teachers and is associated with observed
classroom quality. Contemporary Educational Psychology. 2015; 41:147–56. http://dx.doi.org/10.1016/
j.cedpsych.2015.01.002.

9. Desa D. Evaluating Measurement Invariance of TALIS 2013 Complex Scales. Paris: OECD, 2014.

10. Ho IT, Hau K-T. Australian and Chinese teacher efficacy: similarities and differences in personal
instruction, discipline, guidance efficacy and beliefs in external determinants. Teaching and Teacher
Education. 2004; 20(3):313–23. http://dx.doi.org/10.1016/j.tate.2003.09.009.

11. Klassen RM, Bong M, Usher EL, ChongWH, Huan VS, Wong IYF, et al. Exploring the validity of a
teachers’ self-efficacy scale in five countries. Contemporary Educational Psychology. 2009; 34(1):67–
76. doi: 10.1016/j.cedpsych.2008.08.001

12. Pfitzner-Eden F, Thiel F, Horsley J. An Adapted Measure of Teacher Self-Efficacy for Preservice
Teachers: Exploring its Validity Across two Countries. Zeitschrift für Pädagogische Psychologie. 2014;
28(3):83–92. doi: 10.1024/1010-0652/a000125

13. van de Vijver FJR. Contributions of internationalization to psychology: Toward a global and inclusive
discipline. US: American Psychological Association; 2013. p. 761–70.

14. Millsap RE. Statistical approaches to measurement invariance. New York, NY: Routledge; 2011.

15. Vieluf S, Kunter M, van de Vijver FJR. Teacher self-efficacy in cross-national perspective. Teaching
and Teacher Education. 2013; 35:92–103. doi: 10.1016/j.tate.2013.05.006

16. Muthén B, Asparouhov T. Bayesian structural equation modeling: A more flexible representation of sub-
stantive theory. Psychological Methods. 2012; 17(3):313–35. doi: 10.1037/a0026802 PMID: 22962886

17. Fauth B, Decristan J, Rieser S, Klieme E, Büttner G. Student ratings of teaching quality in primary
school: Dimensions and prediction of student outcomes. Learning and Instruction. 2014; 29:1–9. doi:
10.1016/j.learninstruc.2013.07.001

18. Wagner W, Göllner R, Helmke A, Trautwein U, Lüdtke O. Construct validity of student perceptions of
instructional quality is high, but not perfect: Dimensionality and generalizability of domain-independent
assessments. Learning and Instruction. 2013; 28:1–11. doi: 10.1016/j.learninstruc.2013.03.003

19. OECD. TALIS 2013 Results. Paris: OECD Publishing; 2014.

20. Marsh HW, Hau K-T. Applications of latent-variable models in educational psychology: The need for
methodological-substantive synergies. Contemporary Educational Psychology. 2007; 32(1):151–70.
http://dx.doi.org/10.1016/j.cedpsych.2006.10.008.

21. Holzberger D, Philipp A, Kunter M. How teachers’ self-efficacy is related to instructional quality: A longi-
tudinal analysis. Journal of Educational Psychology. 2013; 105(3):774–86. doi: 10.1037/a0032198

22. Muijs D, Reynolds D. Teachers' beliefs and behaviors: What really matters? Journal of Classroom Inter-
action. 2002; 37(2):3–15.

23. Woolfolk Hoy A, Davis HA. Teacher self-efficacy and its influence on the achievement of adolescents.
In: Pajares F, Urdan T, editors. Self-Efficacy Beliefs of Adolescents. Greenwich, CT: Information Age;
2006. p. 117–37.

24. Avanzi L, Miglioretti M, Velasco V, Balducci C, Vecchio L, Fraccaroli F, et al. Cross-validation of the
Norwegian Teacher's Self-Efficacy Scale (NTSES). Teaching and Teacher Education. 2013; 31:69–78.
doi: 10.1016/j.tate.2013.01.002

25. Skaalvik EM, Skaalvik S. Dimensions of teacher self-efficacy and relations with strain factors, perceived
collective teacher efficacy, and teacher burnout. Journal of Educational Psychology. 2007; 99(3):611–
25. doi: 10.1037/0022-0663.99.3.611

Teachers’ Self-Efficacy across Countries

PLOS ONE | DOI:10.1371/journal.pone.0150829 March 9, 2016 26 / 29

http://dx.doi.org/10.1016/j.cedpsych.2014.02.001
http://dx.doi.org/10.1016/j.cedpsych.2014.02.001
http://dx.doi.org/10.1016/j.edurev.2014.06.001
http://dx.doi.org/10.1016/j.tate.2009.11.001
http://dx.doi.org/10.1016/S0742-051X(01)00036-1
http://dx.doi.org/10.1007/s10648-010-9141-8
http://dx.doi.org/10.1007/s10648-010-9141-8
http://dx.doi.org/10.1016/j.cedpsych.2015.01.002
http://dx.doi.org/10.1016/j.cedpsych.2015.01.002
http://dx.doi.org/10.1016/j.tate.2003.09.009
http://dx.doi.org/10.1016/j.cedpsych.2008.08.001
http://dx.doi.org/10.1024/1010-0652/a000125
http://dx.doi.org/10.1016/j.tate.2013.05.006
http://dx.doi.org/10.1037/a0026802
http://www.ncbi.nlm.nih.gov/pubmed/22962886
http://dx.doi.org/10.1016/j.learninstruc.2013.07.001
http://dx.doi.org/10.1016/j.learninstruc.2013.03.003
http://dx.doi.org/10.1016/j.cedpsych.2006.10.008
http://dx.doi.org/10.1037/a0032198
http://dx.doi.org/10.1016/j.tate.2013.01.002
http://dx.doi.org/10.1037/0022-0663.99.3.611


26. Klassen RM, Chiu MM. Effects on teachers' self-efficacy and job satisfaction: Teacher gender, years of
experience, and job stress. Journal of Educational Psychology. 2010; 102(3):741–56. doi: 10.1037/
a0019237

27. Duffin LC, French BF, Patrick H. The Teachers' Sense of Efficacy Scale: Confirming the factor structure
with beginning pre-service teachers. Teaching and Teacher Education. 2012; 28(6):827–34. doi: 10.
1016/j.tate.2012.03.004

28. Fives H, Buehl MM. Examining the Factor Structure of the Teachers’ Sense of Efficacy Scale. The Jour-
nal of Experimental Education. 2009; 78(1):118–34. doi: 10.1080/00220970903224461

29. Bandura A. Self-Efficacy: The Exercise of Control. New York, NY: Freeman; 1997.

30. Bong M, Skaalvik EM. Academic Self-Concept and Self-Efficacy: How Different Are They Really? Edu-
cational Psychology Review. 2003; 15(1):1–40. doi: 10.1023/A:1021302408382

31. Jansen M, Scherer R, Schroeders U. Students' self-concept and self-efficacy in the sciences: Differen-
tial relations to antecedents and educational outcomes. Contemporary Educational Psychology. 2015;
41:13–24. doi: 10.1016/j.cedpsych.2014.11.002

32. Tschannen-Moran M, Woolfolk Hoy A. The differential antecedents of self-efficacy beliefs of novice and
experienced teachers. Teaching and Teacher Education. 2007; 23(6):944–56. doi: 10.1016/j.tate.2006.
05.003

33. Malinen O-P, Savolainen H, Engelbrecht P, Xu J, Nel M, Nel N, et al. Exploring teacher self-efficacy for
inclusive practices in three diverse countries. Teaching and Teacher Education. 2013; 33:34–44. http://
dx.doi.org/10.1016/j.tate.2013.02.004.

34. Dellinger AB, Bobbett JJ, Olivier DF, Ellett CD. Measuring teachers’ self-efficacy beliefs: Development
and use of the TEBS-Self. Teaching and Teacher Education. 2008; 24(3):751–66. http://dx.doi.org/10.
1016/j.tate.2007.02.010.

35. O'Neill SC, Stephenson J. The measurement of classroommanagement self‐efficacy: a review of mea-
surement instrument development and influences. Educational Psychology. 2011; 31(3):261–99. doi:
10.1080/01443410.2010.545344

36. Creemers B, Kyriakides L. The Dynamics of Educational Effectiveness. London: Routledge; 2008.

37. Klieme E, Pauli C, Reusser K. The Pythagoras Study. In: Janík T, Seidel T, editors. The Power of Video
Studies in Investigating Teaching and Learning in the Classroom. Münster: Waxmann; 2009. p. 137–
60.

38. Kunter M, Tsai Y-M, Klusmann U, Brunner M, Krauss S, Baumert J. Students' and mathematics teach-
ers' perceptions of teacher enthusiasm and instruction. Learning and Instruction. 2008; 18(5):468–82.
doi: 10.1016/j.learninstruc.2008.06.008

39. Seidel T, Shavelson RJ. Teaching Effectiveness Research in the Past Decade: The Role of Theory and
Research Design in Disentangling Meta-Analysis Results. Review of Educational Research. 2007; 77
(4):454–99. doi: 10.3102/0034654307310317

40. Brouwers A, Tomic W. A longitudinal study of teacher burnout and perceived self-efficacy in classroom
management. Teaching and Teacher Education. 2000; 16(2):239–53. http://dx.doi.org/10.1016/S0742-
051X(99)00057-8.

41. Baumert J, Kunter M, BlumW, Brunner M, Voss T, Jordan A, et al. Teachers’Mathematical Knowledge,
Cognitive Activation in the Classroom, and Student Progress. American Educational Research Journal.
2010; 47(1):133–80. doi: 10.3102/0002831209345157

42. Pekrun R, Linnenbrink-Garcia L. Academic Emotions and Student Engagement. In: Christenson SL,
Reschly AL, Wylie C, editors. Handbook of Research on Student Engagement: Springer US; 2012. p.
259–82.

43. Marsh HW, Muthén B, Asparouhov T, Lüdtke O, Robitzsch A, Morin AJS, et al. Exploratory Structural
Equation Modeling, Integrating CFA and EFA: Application to Students' Evaluations of University Teach-
ing. Structural Equation Modeling: A Multidisciplinary Journal. 2009; 16(3):439–76. doi: 10.1080/
10705510903008220

44. Marsh HW, Morin AJ, Parker PD, Kaur G. Exploratory structural equation modeling: an integration of
the best features of exploratory and confirmatory factor analysis. Annu Rev Clin Psychol. 2014; 10:85–
110. doi: 10.1146/annurev-clinpsy-032813-153700 PMID: 24313568.

45. Li Y, Lerner R. Interrelations of Behavioral, Emotional, and Cognitive School Engagement in High
School Students. J Youth Adolescence. 2013; 42(1):20–32. doi: 10.1007/s10964-012-9857-5

46. Matsumoto D. Cross-cultural psychology in the 21st century. In: Halonen JS, Davis SF, editors. The
many faces of psychological research in the 21st century: Society for the Teaching of Psychology;
2001. p. 98–115.

Teachers’ Self-Efficacy across Countries

PLOS ONE | DOI:10.1371/journal.pone.0150829 March 9, 2016 27 / 29

http://dx.doi.org/10.1037/a0019237
http://dx.doi.org/10.1037/a0019237
http://dx.doi.org/10.1016/j.tate.2012.03.004
http://dx.doi.org/10.1016/j.tate.2012.03.004
http://dx.doi.org/10.1080/00220970903224461
http://dx.doi.org/10.1023/A:1021302408382
http://dx.doi.org/10.1016/j.cedpsych.2014.11.002
http://dx.doi.org/10.1016/j.tate.2006.05.003
http://dx.doi.org/10.1016/j.tate.2006.05.003
http://dx.doi.org/10.1016/j.tate.2013.02.004
http://dx.doi.org/10.1016/j.tate.2013.02.004
http://dx.doi.org/10.1016/j.tate.2007.02.010
http://dx.doi.org/10.1016/j.tate.2007.02.010
http://dx.doi.org/10.1080/01443410.2010.545344
http://dx.doi.org/10.1016/j.learninstruc.2008.06.008
http://dx.doi.org/10.3102/0034654307310317
http://dx.doi.org/10.1016/S0742-051X(99)00057-8
http://dx.doi.org/10.1016/S0742-051X(99)00057-8
http://dx.doi.org/10.3102/0002831209345157
http://dx.doi.org/10.1080/10705510903008220
http://dx.doi.org/10.1080/10705510903008220
http://dx.doi.org/10.1146/annurev-clinpsy-032813-153700
http://www.ncbi.nlm.nih.gov/pubmed/24313568
http://dx.doi.org/10.1007/s10964-012-9857-5


47. Segall MH, Lonner WJ, Berry JW. Cross-cultural psychology as a scholarly discipline: On the flowering
of culture in behavioral research. American Psychologist. 1998; 53(10):1101–10. doi: 10.1037/0003-
066X.53.10.1101

48. Sue S. Science, ethnicity, and bias: Where have we gone wrong? American Psychologist. 1999; 54
(12):1070–7. doi: 10.1037/0003-066X.54.12.1070 PMID: 15332528

49. Shi Q, Zhang S, Lin E. Relationships of New Teachers’ Beliefs and Instructional Practices: Compari-
sons Across Four Countries. Action in Teacher Education. 2014; 36(4):322–41. doi: 10.1080/
01626620.2014.948228

50. Oettingen G. Cross-cultural perspectives on self-efficacy. In: Bandura A, editor. Self-Efficacy in Chang-
ing Societies. New York, NY: Cambridge University Press; 1995. p. 149–76.

51. Akiba M, LeTendre GK, Scribner JP. Teacher Quality, Opportunity Gap, and National Achievement in
46 Countries. Educational Researcher. 2007; 36(7):369–87. doi: 10.3102/0013189x07308739

52. Blömeke S, Kaiser G. Theoretical Framework, Study Design and Main Results of TEDS-M. In: Blömeke
S, Hsieh F-J, Kaiser G, Schmidt WH, editors. International Perspectives on Teacher Knowledge,
Beliefs and Opportunities to Learn. Advances in Mathematics Education: Springer Netherlands; 2014.
p. 19–47.

53. Ólafsson RF, Björnsson JK. Teacher attitudes and practices in international studies and their relation-
ships to PISA performance: Nordic countries in an international context. In: Björnsson JK, Grønmo LS,
Gustafsson J-E, Yang Hansen K, Kupari P, Mejding J, et al., editors. Northern Lights on TIMSS and
PIRLS 2011. Copenhagen: Nordic Council of Ministers; 2014. p. 85–105.

54. Asparouhov T, Muthén B. Exploratory Structural Equation Modeling. Structural Equation Modeling: A
Multidisciplinary Journal. 2009; 16(3):397–438. doi: 10.1080/10705510903008204

55. Vieluf S, Klieme E. Cross-Nationally Comparative Results on Teachers’Qualification, Beliefs, and
Practices. In: Li Y, Kaiser G, editors. Expertise in Mathematics Instruction: Springer US; 2011. p. 295–
325.

56. Duncan GJ, Engel M, Claessens A, Dowsett CJ. Replication and robustness in developmental
research. Developmental Psychology. 2014; 50(11):2417–25. doi: 10.1037/a0037996 PMID:
25243330.

57. Messick S. Validity of psychological assessment: Validation of inferences from persons' responses and
performances as scientific inquiry into score meaning. American Psychologist. 1995; 50(9):741–9. doi:
10.1037/0003-066X.50.9.741

58. Bulle N. Comparing OECD educational models through the prism of PISA. Comparative Education.
2011; 47(4):503–21. doi: 10.1080/03050068.2011.555117

59. Evers WJG, Brouwers A, TomicW. Burnout and self-efficacy: A study on teachers' beliefs when imple-
menting an innovative educational system in the Netherlands. British Journal of Educational Psychol-
ogy. 2002; 72(2):227–43. doi: 10.1348/000709902158865

60. Antikainen A. In Search of the Nordic Model in Education. Scandinavian Journal of Educational
Research. 2006; 50(3):229–43. doi: 10.1080/00313830600743258

61. Mullis IV, Martin MO, Foy P, Arora A. TIMSS 2011 International results in mathematics. Chestnut Hill,
MA: International Association for the Evaluation of Educational Achievement (IEA); 2012.

62. OECD. TALIS 2013 Technical Report. Paris: OECD Publishing; 2014.

63. McDonald RP. Test theory: A unified treatment. Mahwah, NJ: Lawrence Erlbaum; 1999.

64. Marsh HW, Hau K-T, Grayson D. Goodness of fit evaluation in structural equation modeling. In: May-
deu-Olivares A, McArdle JJ, editors. Contemporary Psychometrics. 275–340. Mahwah, NJ: Lawrence
Erlbaum; 2005.

65. Rhemtulla M, Brosseau-Liard PÉ, Savalei V. When can categorical variables be treated as continuous?
A comparison of robust continuous and categorical SEM estimation methods under suboptimal condi-
tions. Psychological Methods. 2012; 17(3):354–73. doi: 10.1037/a0029315 PMID: 22799625

66. Asparouhov T, Muthén B. Weighted least squares estimation with missing data. Los Angeles, CA:
2010.

67. Rutkowski L, Svetina D. Assessing the Hypothesis of Measurement Invariance in the Context of Large-
Scale International Surveys. Educational and Psychological Measurement. 2014; 74(1):31–57. doi: 10.
1177/0013164413498257

68. Byrne BM, Shavelson RJ, Muthen B. Testing for the equivalence of factor covariance and mean struc-
tures: The issue of partial measurement invariance. Psychological Bulletin. 1989; 105:456–66.

69. Chen FF. Sensitivity of Goodness of Fit Indexes to Lack of Measurement Invariance. Structural Equa-
tion Modeling: A Multidisciplinary Journal. 2007; 14(3):464–504. doi: 10.1080/10705510701301834

Teachers’ Self-Efficacy across Countries

PLOS ONE | DOI:10.1371/journal.pone.0150829 March 9, 2016 28 / 29

http://dx.doi.org/10.1037/0003-066X.53.10.1101
http://dx.doi.org/10.1037/0003-066X.53.10.1101
http://dx.doi.org/10.1037/0003-066X.54.12.1070
http://www.ncbi.nlm.nih.gov/pubmed/15332528
http://dx.doi.org/10.1080/01626620.2014.948228
http://dx.doi.org/10.1080/01626620.2014.948228
http://dx.doi.org/10.3102/0013189x07308739
http://dx.doi.org/10.1080/10705510903008204
http://dx.doi.org/10.1037/a0037996
http://www.ncbi.nlm.nih.gov/pubmed/25243330
http://dx.doi.org/10.1037/0003-066X.50.9.741
http://dx.doi.org/10.1080/03050068.2011.555117
http://dx.doi.org/10.1348/000709902158865
http://dx.doi.org/10.1080/00313830600743258
http://dx.doi.org/10.1037/a0029315
http://www.ncbi.nlm.nih.gov/pubmed/22799625
http://dx.doi.org/10.1177/0013164413498257
http://dx.doi.org/10.1177/0013164413498257
http://dx.doi.org/10.1080/10705510701301834


70. Cheung GW, Rensvold RB. Evaluating Goodness-of-Fit Indexes for Testing Measurement Invariance.
Structural Equation Modeling: A Multidisciplinary Journal. 2002; 9(2):233–55. doi: 10.1207/
S15328007SEM0902_5

71. Khojasteh J, LoW-J. Investigating the Sensitivity of Goodness-of-Fit Indices to Detect Measurement
Invariance in a Bifactor Model. Structural Equation Modeling: A Multidisciplinary Journal. 2015; 22
(4):531–41. doi: 10.1080/10705511.2014.937791

72. Marsh HW, Hau K-T, Wen Z. In Search of Golden Rules: Comment on Hypothesis-Testing Approaches
to Setting Cutoff Values for Fit Indexes and Dangers in Overgeneralizing Hu and Bentler's (1999) Find-
ings. Structural Equation Modeling: A Multidisciplinary Journal. 2004; 11(3):320–41. doi: 10.1207/
s15328007sem1103_2

73. Asparouhov T. SamplingWeights in Latent Variable Modeling. Structural Equation Modeling: A Multi-
disciplinary Journal. 2005; 12(3):411–34. doi: 10.1207/s15328007sem1203_4

74. Muthén B, Muthén L. Mplus. 7.2 ed. Los Angeles, CA: Muthén & Muthén; 1998–2014.

75. Satorra A, Bentler P. Ensuring Positiveness of the Scaled Difference Chi-square Test Statistic. Psycho-
metrika. 2010; 75(2):243–8. doi: 10.1007/s11336-009-9135-y PMID: 20640194

76. Maas CJM, Hox JJ. Sufficient Sample Sizes for Multilevel Modeling. Methodology: European Journal of
Research Methods for the Behavioral and Social Sciences. 2005; 1(3):86–92. doi: 10.1027/1614-2241.
1.3.86

77. Enders CK. Applied Missing Data Analysis. New York, NY: Guilford Press; 2010.

78. Steinmetz H, Schmidt P, Tina-Booh A, Wieczorek S, Schwartz S. Testing measurement invariance
using multigroup CFA: differences between educational groups in human values measurement. Qual
Quant. 2009; 43(4):599–616. doi: 10.1007/s11135-007-9143-x

79. BorsboomD, Mellenbergh GJ, van Heerden J. The Concept of Validity. Psychological Review. 2004;
111(4):1061–71. doi: 10.1037/0033-295X.111.4.1061 PMID: 15482073

80. Guo Y, Dynia JM, Pelatti CY, Justice LM. Self-efficacy of early childhood special education teachers:
Links to classroom quality and children's learning for children with language impairment. Teaching and
Teacher Education. 2014; 39:12–21. http://dx.doi.org/10.1016/j.tate.2013.11.005.

81. Tschannen-Moran M, Johnson D. Exploring literacy teachers’ self-efficacy beliefs: Potential sources at
play. Teaching and Teacher Education. 2011; 27(4):751–61. http://dx.doi.org/10.1016/j.tate.2010.12.
005.

82. Perry KE, Donohue KM,Weinstein RS. Teaching practices and the promotion of achievement and
adjustment in first grade. Journal of School Psychology. 2007; 45(3):269–92. http://dx.doi.org/10.1016/
j.jsp.2007.02.005.

83. Nusche D, Earl L, Maxwell W, Shewbridge C. OECD Reviews of evaluation and assessment in educa-
tion: Norway. Paris: OECD; 2011.

84. OECD. PISA 2012 Results: Ready to Learn (Volume III). Paris: OECD Publishing; 2013.

85. Kunter M, Klusmann U, Baumert J, Richter D, Voss T, Hachfeld A. Professional competence of teach-
ers: Effects on instructional quality and student development. Journal of Educational Psychology.
2013; 105(3):805–20. doi: 10.1037/a0032583

Teachers’ Self-Efficacy across Countries

PLOS ONE | DOI:10.1371/journal.pone.0150829 March 9, 2016 29 / 29

http://dx.doi.org/10.1207/S15328007SEM0902_5
http://dx.doi.org/10.1207/S15328007SEM0902_5
http://dx.doi.org/10.1080/10705511.2014.937791
http://dx.doi.org/10.1207/s15328007sem1103_2
http://dx.doi.org/10.1207/s15328007sem1103_2
http://dx.doi.org/10.1207/s15328007sem1203_4
http://dx.doi.org/10.1007/s11336-009-9135-y
http://www.ncbi.nlm.nih.gov/pubmed/20640194
http://dx.doi.org/10.1027/1614-2241.1.3.86
http://dx.doi.org/10.1027/1614-2241.1.3.86
http://dx.doi.org/10.1007/s11135-007-9143-x
http://dx.doi.org/10.1037/0033-295X.111.4.1061
http://www.ncbi.nlm.nih.gov/pubmed/15482073
http://dx.doi.org/10.1016/j.tate.2013.11.005
http://dx.doi.org/10.1016/j.tate.2010.12.005
http://dx.doi.org/10.1016/j.tate.2010.12.005
http://dx.doi.org/10.1016/j.jsp.2007.02.005
http://dx.doi.org/10.1016/j.jsp.2007.02.005
http://dx.doi.org/10.1037/a0032583

