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Abstract

This research explores the mediating role of perceived usefulness and enjoyment of sci-
ence, technology, engineering, and mathematics (STEM) teaching practice between sec-
ondary teachers’ competencies and attitudes in the formal educational context. Also, the
research aimed to examine if the relationships between model constructs differ by STEM
teaching practice dimension (e.g., Inquiry-based learning (IBL) and Integration of STEM
content (INT)). We synthesized the will, skill, tool model (WST), technology acceptance
model (TAM) and flow theory (FLT) to develop a theoretical model predicting teacher atti-
tude under the influence of Competencies, Perceived Usefulness and Perceived Enjoy-
ment. Therefore, a mediated multigroup model with validated data from three hundred
Romanian secondary teachers who completed questionnaires related to their competen-
cies, perceived usefulness, enjoyment, and attitude toward STEM teaching practices was
used. Two comparative teacher survey studies were carried out: one for IBL and one for
INT. There are direct and positive relationships between Competencies and Attitude, Com-
petencies and Enjoyment, Competencies and Usefulness, and Enjoyment and Attitude for
both IBL and INT teaching practices. The partial least squares path modeling (PLS-SEM)
results showed that the control variables had no significant impact on attitude. This research
supports evidence for the belief that teachers’ competency is a key predictor of attitude. Pre-
cisely, the positive strong direct effect of Competencies on Attitude is similar for IBL (B =
0.49, t=7.46, p < 0.001; fZ (Effect size) = 0.29) with for INT teaching practice (B = 0.46, t =
6.46, p < 0.001; £ (Effect size) = 0.22). Interestingly, this research showed that the per-
ceived Usefulness and Enjoyment partially mediated the association between Competen-
cies and Attitude in both case studies. Understanding the mediating role of perceived
usefulness and enjoyment for each STEM practice would help teachers successfully imple-
ment STEM education.
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Introduction

The importance of the science, technology, mathematics, and engineering (STEM) concept for
education is unanimously recognized by researchers [1, 2], but its definition is still unclear.
According to Zizka (2021) [3, p. 2], integrated STEM education is a “technique to offer learners
the theoretic knowledge and technical-related competencies”. From this perspective, STEM edu-
cation has become a tactical option for education reform due to its potential role in future
work skills [4].

The integrated STEM curriculum has developed from the desire to fulfil the need to under-
stand phenomena and events from reality [5]. The usefulness and enjoyment of learning in a
multidisciplinary context using STEM teaching practice [6] are necessary for encouraging a
positive attitude towards education. Furthermore, the level of teacher competence resulting
from interdisciplinarity, research and collaboration is higher than that achieved at the disci-
plinary level without interactive and innovative elements [7]. Consequently, most STEM defi-
nitions consist of an interdisciplinary view of teaching based on real-world lessons,
considering the learning context [8].

An integrated STEM curriculum facilitated collaboration between students and between
students and teachers [5] and stimulated learners’ interest and motivation [9]. Students come
into direct contact with the surrounding reality, with concrete real-life situations, which allow
them to solve practical problems of existence [10]. How the students’ competencies meet their
subsequent social needs represents a significant challenge for officials. Developing a positive
attitude in teachers to adopt STEM teaching practices is necessary. Moreover, the enhance-
ment of teachers’ curiosity of knowledge for exploration and discovery and their desire to
experience new things has represented a continuing concern of educational policies [11, 12].

The generalized conception of IBL [13] reflects an educational strategy that promotes active
participation and empowerment of students [14], in which they solve problems using research
skills [15]. Since IBL involves a paradigm shift, the responsibility for learning falls mainly on
learners. The multifaceted effort of IBL will increase students’ engagement in STEM activities
[16]. Nevertheless, the IBL practice has been demonstrated to be a “useful strategy for improv-
ing students’ motivation in STEM subjects” as Silm and collaborators (2017) stated [17]. By
increasing the engagement and motivation of students, it is possible to help the efficiency of
the learning process. Therefore, the educational climate can be improved. Exploring the factors
affecting learners’ attitudes is essential to fulfilling this aspiration.

Investigating the dimensions that influence secondary teachers’ attitudes has been the sub-
ject of numerous studies, especially from the need to identify as precisely as possible the con-
structs that positively impact the attitude [18] to facilitate learning activities essential for
students’ knowledge. The interaction between attitudes toward a field (will), skills in that field
(skill), and access to technology (tool) [19] was frequently evaluated with the will, skill, tool
(WST) model developed by Knezek and Christensen [20]. The integrated theoretical frame-
work was completed by constructs from technology acceptance model and flow theory utilized
in a digital environment. In addition, there are suggestions that the absence of a negative atti-
tude is critical [21] for the successful adoption of educational teaching practice. Nevertheless,
developing students’ 21st Century Competencies [22] is particularly challenging for teachers.

The results of previous studies showed that numerous predictors, e.g., competence, percep-
tion of effectiveness, and ease of use of technology or teacher experience, were investigated as
attitude antecedents [19]. Perceived enjoyment is a powerful predictor of attitude [23]. Per-
ceived usefulness affected the attitude [24]. The Inquiry-based learning (IBL) practice has been
demonstrated to be efficient in increasing students’ motivation in STEM subjects [17]. The
quality of the IBL has been associated with the degree of understanding of experimental
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activities [25]. More teachers advocate integrated teaching and learning based on interdisci-
plinary and investigative instructional strategies. The investigative approach has changed the
emphasis of instruction from memorizing concepts to investigative learning. In such contexts,
the development of the critical thinking skills of students will be assured because they are
forced to find answers to various problems [26].

Nevertheless, improving students’ competencies using technology as a bridge to combine
multiple disciplines has been a significant challenge for several decades [27]. This statement is
because STEM integration requires interdisciplinary collaboration, and teachers are usually
qualified to teach specific knowledge of a topic [7]. Real-world problems, which are STEM
subjects, are frequently interdisciplinary and arise in complex systems [28]. Natural sciences
are often treated as separate disciplines [29], and students were not encouraged to approach
learning content by making connections between different subjects. The preparation and
implementation of IBL and INT require a great deal of effort on the part of teachers. Unfortu-
nately, material resources are often lacking.

Despite all the obstacles, some teachers believe in the benefits of STEM education, where
discipline-specific content is not divided [28, 30]. They addressed and treated STEM subjects
as one dynamic like Integration of STEM content (INT) practice, as Merrill (2009) stated [30,
pg-1]. This approach will improve problem-solving skills and develop students’ critical and
analytical thinking [31]. However, how teachers involve students in significant inquiry activi-
ties continues to be explored [32]. It can be concluded that STEM practice is a nonlinear
method [33] that is not well understood [24].

The distance education imposed by the COVID-19 pandemic [34] has accelerated the adop-
tion of instructional strategies based on online digital tools into the educational process, facili-
tating technology acceptance by all teachers. However, not all instructional strategies that
promote student learning in exploratory and transdisciplinary ways, like SEM practices, are
accepted on a large scale. According to Thibaut and collaborators [9], various distinctive but
connected key facets of integrated STEM were observed. Also, features of integrated STEM
education are essential since they create the required settings for the teaching procedures.
These aspects were convincing to perform this research based on a modified WST model.

Two new dimensions (i.e., perceived usefulness and enjoyment) of STEM instructional
strategies have been proposed alongside skill and will. These two features mediate between
skill and will and replace the tool construct of the WST model. The present research was
designed to explore the possible mediating effect of perceived usefulness and enjoyment
between competencies and attitudes across secondary teachers.

Until now, limited attention has been paid to highlighting differences and similarities between
IBL and INT teaching practices. The relationship between competencies and attitude to use IBL
or INT teaching practices is still unclear. Understanding how teachers’ competencies influence
the acceptance of the STEM curriculum is essential. Briefly, two of the key facets of integrated
STEM (e.g., inquiry-based learning (IBL) and integration of STEM content (INT)) were subjects
of the present research. This study used a specially designed model to fill the gaps found.

The research questions (RQ) that guided the research are as follows:

1. Do competencies directly affect the attitude of secondary teachers who adopted IBL and
INT as teaching practices?

2. Do perceived usefulness and enjoyment mediate the relationship between competencies
and attitudes of secondary teachers who adopted IBL and INT as teaching practices?

3. Does the strength of the relationship between competencies and attitude mediated by
enjoyment and usefulness differ between IBL and INT teaching practices?
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Literature review and hypothesis summary

Independent variable. Competencies. Many teachers are not "natives” of digital technolo-
gies, as their students are. Teachers must adapt to the latest educational technologies acquiring
skills to use them. The expansion of the Internet network and new technologies deeply affected
the scientific accuracy of the available online content. For these reasons, teachers must develop
new skills related to synthesizing a large amount of information, including interdisciplinary
areas [21], and extracting essential and accurate data from them. The necessity to adopt and
extend critical thinking, problem-solving, communication, collaboration, creativity, and inno-
vation influences teachers’ competencies [35].

These challenges can only be solved by identifying new, creative teaching practices. The
third component of competencies is identifying values. Students act correctly and beyond the
classroom, including exercising life, work, ethics, emotions, or cultural competencies in the
online environment. For the training and development of STEM competence of students, it is
necessary that teachers first possess these competencies [36]. These demands include theoreti-
cal knowledge in science and mathematical competence, understanding of investigative skills,
and competence to design, facilitate and evaluate a scientific research activity.

A capable teacher trusts himself and effectively meets objectives and tasks, addressing chal-
lenges [37]. Students perceived teachers who used integrative and transdisciplinary strategies
as more efficient [38]. Adopting STEM strategies also stimulated their cognitive involvement
and influenced their involvement and perseverance in school activities. Therefore, it is natural
to expect teachers’ competencies regarding STEM teaching practices to influence their atti-
tudes. Involving teachers in an effective but also attractive course requires training and docu-
mentation. The teacher has responsibility [39] for the achievement of new competencies.

In this study, the external variable assessed teachers’ competencies to identify subjects suit-
able for teaching through STEM teaching practices. Briefly, this dimension measured teachers’
beliefs about the roles of STEM teaching mode in students’ understanding of the subject mat-
ter led. It also assesses the extent to which teachers can identify appropriate strategies for inte-
grating technology into the classroom to stimulate students’ critical and self-critical thinking.

Mediator variables. Perceived usefulness. The perceived usefulness (PU) is the extent to
which a person believes that using a particular system or instrument will improve his perfor-
mance in his work field [40]. PU can also be defined as a person’s perception of how using a
specific technique will increase personal performance in solving work tasks [41]. Teachers’ use
of instructional strategies is valuable when it encourages interactions between all educational
actors or allows them to model a real-life situation [22, 42]. The PU significantly affects the
intention to use digital tools in education [43]. Moreover, usefulness mediates the relationship
between ease of use and attitude [40, 44]. Perceived usefulness influences the adoption of mod-
ern technologies [45] due to strengthening the value of the final product. Perceived usefulness
plays a decisive role in human behavior. This statement is based on the theory of reasoning
that if a person perceives a particular activity as helpful in achieving specific results, that person
adopts that activity. In addition, perceived usefulness has a more significant influence than
other factors (i.e., enjoyment) when adopting new educational technologies [46].

In the case of the adoption of IBL/INT, the positive attitude of teachers can be determined
through the PU, a belief arising from the competencies acquired in this field. In this study, the
PU factor determines the extent to which teachers have tried implementing IBL/INT strategies,
even if much effort was needed to prepare the lessons for teaching. It also evaluated the
thoughts created by adopting each approach as a valuable and necessary method adopted by
secondary teachers.
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Perceived enjoyment. Perceived enjoyment (PE) is the degree to which an action involving
technology is perceived as agreeable, separate from any anticipated consequences [47]. As an
affective state, pleasure is an inherent part of the motivation (i.e., satisfaction) to be involved in
a particular activity. In this respect, enjoyment can be seen as intrinsic motivation and affects
the ease of using modern educational strategies. Teachers who consider a specific approach
more enjoyable are more inclined to use it in practice than those who do not like it. Students
recognized this attitude [48]. The pleasure also increases interest in that activity [49]. In brief,
an activity the teacher is happy to conduct increases students’ interest in the subject, motiva-
tion, and more efficient learning. Pleasure is linked to the positive emotions of the implication
of the specific notions of nature scientists currently use in real life. However, please also
depends on an activity’s satisfaction and the stress level it produces [50]. A joyfully addressed
activity increases involvement, and the proposed objectives are met [51]. STEM-related activi-
ties [52, 53] can generate satisfaction among students and teachers since these activities are
perceived as complex [54]. As well, many forms of IBL (i.e., problem-based, project-based, and
case-based teaching) [55] contributed to having more students with positive dispositions to
choose to study various subjects [56].

In this study, the enjoyment factor assesses to what extent teachers are happy to use STEM
teaching practices, whether they find the activities amusing or dull, whether they are attracted
to their attention, and whether they find them interesting or enjoyable.

Moderator variables. STEM teaching practices: IBL teaching practice. Everything new is
particularly challenging for students [57]. In such a context, IBL is perceived as an educational
strategy [58] in which students follow methods and practices like those used by researchers to
identify solutions to various problems [59]. Consequently, the IBL can be defined as discover-
ing new causal relationships in which students devise hypotheses and test them by conducting
experiments or using observations. The IBL solves problems and applies problem-solving skills
[55, 60]. In addition, the IBL [37, 61] focuses on student’s active participation and responsibil-
ity for discovering notions [14].

The educational objectives proposed will be meta-cognitive, affective, epistemic, or social
[62] when teachers use the IBL approach. The rich teaching experience makes adopting IBL
strategies [63] more effective, and teachers with more experience are more open to this new
approach. Preparing teachers with less experience and providing practical guidance to imple-
ment IBL strategies in the classroom can positively change their attitude by reducing their
reluctance. The advantages of this innovative approach, both in student understanding of con-
tent and developing their competencies, can be recognized and internalized. The confidence
in performing an effective IBL activity can be increased [64]. In addition to the transfer of
knowledge, teachers permanently influence students’ attitudes toward science, either directly
through the teaching process or involuntarily through the personal perspective they express.
IBL strategies develop research experiences among students and help them think and act as
researchers, positively influencing their attitude toward science and scientific research [65].

The teacher’s attitude to the subject taught can affect the students’ reaction and the effec-
tiveness of the teaching and learning process. A teacher who feels comfortable with the subject
taught and the approach adopted will devote more time to teaching, designing, and applying it
creatively [18]. Previous studies showed that teachers’ attitude was developed through training
courses based on student-centered constructive methods [56-58], increasing their confidence
in successfully implementing innovative strategies and increasing satisfaction in their work.

Even though the attitude of teachers is positive toward the IBL strategy, many consider it is
challenging to implement it because the facilities for practices are inadequate. Moreover,
teachers do not have enough teaching materials to use IBL [66, 67] in current activities. Prepar-
ing lessons take a long time, they cannot go through the school program entirely, and the
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number of student classes is frequently excessively large [67]. Despite the difficulties, teachers
recognize the advantages of IBL, such as increasing motivation for learning and understanding
abstract concepts by their students.

INT teaching practices

Implementing INT in classroom activities [68] can only be successful if teachers who teach
INT subjects promote a positive attitude toward STEM. This attitude will increase the number
of students interested in a career related to natural science and technologies [69, 70]. In this
regard, an improvement in the attitude of teachers toward INT would lead to success in imple-
menting this type of curriculum in classes.

For teachers, shifting from teaching a single subject to an interdisciplinary approach, such
as the INT approach, is a significant challenge [52]. The interest in adopting INT teaching
practice by secondary teachers must be improved. The primary solution following specialist lit-
erature is developing competencies in knowledge, skills, and attitude [71].

Dependent variable
Attitude

Attitude is a critical factor influencing the teacher’s interest in a particular teaching style. Atti-
tude can be defined as a positive or negative assessment of beliefs, intentions, or actions. Atti-
tude is a psychological trend that assesses a particular entity as favorable or unfavorable [72].
The attitude of teachers influences what and how students learn [26], the primary factor affect-
ing their acquisition and motivation for learning. In this framework, attitude can also be
defined as a mental concept that describes favorable or unfavorable emotions toward a teach-
ing strategy. A teacher with a positive attitude will also induce students to have a positive atti-
tude toward studying a particular subject or behavior [50].

The attitude to a subject or behavior can be positive, negative, or neutral [73]. Some
researchers stated that the attitude should be coupled with an interest [74, 75], and these two
concepts are synonymous [76]. Other researchers view interest as a particular attitude that pre-
dicts future behavior [75, 77]. Therefore, interest is subordinate to attitude [78]. From another
perspective, the two concepts are different from each other. General, impersonal, objective
interpretations are decisive in determining attitudes to a subject, while subjective interpreta-
tions attached to the knowledge of the subject matter are essential for interest [79]. These two
forms of personal approach are independent of each other. For example, a teacher can have a
negative attitude toward a subject (i.e., discrimination) and at the same time to be interested in
the subject in terms of its understanding, resorts, history, etc.

Teachers’ attitudes towards adopting STEM teaching methods may or may not be a signifi-
cant barrier to the integration of STEM education [13]. Teachers’ attitudes towards adopting a
teaching strategy are closely related to their knowledge of its use [80]. Firstly, teachers must
know the didactic process very well to establish the stages of the lesson [80]. Secondly, unlike
traditional approaches, in IBL and INT, the learner has a key role during the lesson [13]. For
these reasons, the teacher needs to know the techniques to facilitate a learning process in
which students have to take on various responsibilities (e.g., manager, researcher, and pre-
senter roles). Also, STEM teachers need to have a comprehensive knowledge of the use of digi-
tal resources to run virtual and remote experiments. In conclusion, it can be stated that
teachers’ attitudes towards adopting STEM teaching practices depend mainly on their cogni-
tive skills.

Studies on teachers’ attitudes toward STEM teaching practices involving simultaneous
affective and cognitive dimensions are rare [81]. The present study investigates the
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relationships among the mediation moderation research model in response to this problem.
The model comprised the competencies as a predictor, attitude as a dependent variable, useful-
ness and enjoyment as mediators, strategy style as a moderator variable and specialization as a
control variable. The key factors related to each research model dimension were extracted
based on literature evaluations to reach these objectives. A survey was built to examine rela-
tionships between variables. The questionnaire findings analyzed the theoretical research
model using structural equation modeling. The mediation moderation model will help us find
the algorithm to improve the exploration and understanding of real-life situations with respect
to scientific rigor, stimulating the student’s autonomy and creativity.

The current study. Hypothesis summary. The current study used a multiple mediation
model to investigate the research relationships (see Fig 1). The present investigation demon-
strates the existence of connections between the four latent factors of the research model.

The first working hypothesis starts from an obvious fact: teachers who know IBL or INT
manifest an attitude or perspective on the strategy, positive or negative [82]. The relationship
between competencies and attitudes is still unclear [83]. To have a more accurate picture of the
factors influencing the teachers’ attitudes, the association of competencies-attitude mediated
by two affective factors, moderated by the didactic strategy used in the class and controlled by
specialization, was investigated.

Attitudes and competencies define the usefulness and adoption of IBL and INT practices in
the teaching activity, leading to a personalized experience. Teacher competencies are formed
primarily through training. Attitudes toward STEM-training courses are directly related to
teacher personality and internal and external motivational factors. Studies have shown that
acquiring new skills through continuous teacher training can be the key factor in allowing
them to develop their expertise by adopting technology-based teaching strategies [84] because
of a positive attitude toward them. Therefore, it is natural to investigate whether the competen-
cies directly influence teachers’ attitudes.

The second hypothesis is that teachers have observed a relationship between competence,
utility, and enjoyment of a particular teaching strategy. Otherwise, the perception of utility
and enjoyment can influence attitudes to use certain teaching practices to improve learning
outcomes [85]. IBL and INT practices can significantly influence teaching engagement [84].

[ The researchmodel |

Usefulness

STEM
practices

Enjoyment

Fig 1. Diagram of the research model.

https://doi.org/10.1371/journal.pone.0279986.9001
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Teachers have a positive attitude toward strategies promoting interdisciplinary and investiga-
tive features [86], but they have little knowledge of each STEM domain [82].

The will, skill, tool (WST) model incorporates concepts that reflect attitude from the per-
spective of the tool user. Another helpful model for explaining the influence of perceived use-
fulness and enjoyment on the adoption of STEM teaching methods is Technology Acceptance
Model (TAM) [23]. In TAM, teacher attitudes are influenced by the direct and indirect effects
of perceived usefulness and perceived ease of use of educational technology. However, the
TAM has proven to be inaccurate in explaining user behavior, especially under particular con-
ditions of use [87]. This evidence challenges us to investigate whether PU can play a significant
role in shaping teachers’ attitudes towards IBL and INT [40, 44]. Another model for under-
standing behavior is the flow theory (FLT) [88]. Flow theory’s applicability has been extended
to online learning environments. Researchers have suggested that the success of STEM teach-
ing depends on the teacher’s attitude and ability to influence the learning process by using ele-
ments that generate enjoyment, such as making a product [89]. Indeed, as Rodriguez-Ardura
and Meseguer-Artola (2017) stated, “continuance in e-learning is determined by flow through
the mediating effects of positive emotions” [90]. The present study aims to synthesize WST,
TAM, and FLT models in describing the relationships between secondary teachers’ competen-
cies and attitudes in the formal educational context under perceived usefulness and
enjoyment.

Based on the research model, three main hypotheses were proposed to examine the predic-
tors of the teachers’ attitudes in two educational strategies settings:

Hypothesis 1. There are direct and positive relationships between Competencies and Attitude
(H;1), Competencies and Enjoyment (H;,), Competencies and Usefulness (H;3), Enjoy-
ment and Attitude (H,,) and Usefulness and Attitude (H;s), in the case of the total sample
(a), IBL (b) and INT (c) teaching practices.

Hypothesis 2. The relationship between Competencies and Attitude is mediated by Enjoyment
(H,;) and Usefulness (H,,) in the case of the total sample (a), IBL (b) and INT (c) teaching
practices.

Hypothesis 3. The relationship between competencies and attitudes mediated by enjoyment
and usefulness differs between IBL and INT teaching practices.

Method
Research design

The present study used a descriptive and cross-sectional research design with convenience and
snowball sampling based on an online survey focused on research questions. This study was
performed between 2020 and 2021. In summary, this study utilizes a partial least squares struc-
tural equation modelling (PLS-SEM) method to develop a model indicating the relationships
among the independent variable (i.e., competencies), mediator variables (i.e., perceived useful-
ness and perceived enjoyment), and dependent variables (i.e., attitude). The demographic vari-
ables do not control the dependent variable, and the relationship between the independent
and the dependent variables is only hypothetically causal. For this purpose, quantitative data
were collected via an online questionnaire with demographic issues and multiple items for
each research variable [23]. As a result, the researchers distributed the questionnaire to Roma-
nian teachers who used IBL and INT on a cloud-based survey solution with real-time collabo-
ration (i.e., Google Forms) to facilitate the completion and collection of data during the
COVID-19 pandemic. The current study includes specialization into the research model as a
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confounding variable. The standard stages for doing PLS-SEM were followed using SmartPLS
software. Present findings can be used as a reference by educational institutions in formulating
and implementing guidelines for STEM teaching practices.

Sample

The target population of this study is Romanian teachers who used IBL and INT in their teach-
ing process. The population of this research was composed of physics, biology, chemistry, tech-
nology, informatics, geography, and mathematics teachers. According to internal records of
the Romanian Ministry of Education in the academic year 2019-20, this population was
29,676. Sample size estimation was calculated considering a confidence level = 95%, with an
anticipated effect size = 0.01 and power of effect = 0.8 resulting [91] in a minimum sample size
for model structure 288. The sample size of this study is 300 for each STEM teaching practice
(Mage = 49, SD = 7.8, 87.7% women) and, thus, meets recommended guidelines.

Participants

A total of 305 teachers from Romanian middle and high schools (5-12th grades) participated
in this study. Therefore, six hundred ten individual responses from 305 STEM teachers were
collected, then the data were examined to respect minimum requirements in quality and quan-
tity [92]. Five samples did not meet the minimum standards in quality criteria [93] and were
eliminated. Three hundred eligible answers have been collected for each key dimension of
STEM teaching practice. Hence, the survey collected 600 eligible responses (S2 Table Raw
database) through an Internet snowball sample design.

Teacher specialization can be divided into several categories (Table 1). An overwhelming
majority (286/95%) have seen the IBL and INT presentation film since the beginning of the
questionnaire (see S1 Table).

Data collection

At the beginning of the present research, a methodological challenge occurred due to the
necessity of recruiting "hard-to-reach’ populations for the study [93, 94]. Moreover, the Covid-
19 Pandemic imposed various limitations [95] and changed the way of instruction [96], forcing
all educational actors to adapt to online education [97] quickly. Consequently, collecting data
from STEM teachers through traditional face-to-face survey administration was impossible.

Snowball sampling [98], as a non-probability sampling technique [99], is often used when-
ever there is no freely accessible list of the people under examination [100, 101]. Frequently
snowball sampling is usually used in qualitative analyses [102]. However, quantitative studies
also adopt the snowball sampling technique [103]. Virtual snowball sampling [93] is a recruit-
ment method that involves social network participants [92] to contact specific target groups
using interpersonal relations and connections between people [104]. This method collects
online data from ’hard‘-to-reach’ populations [105] that cannot be directly observed [106]. A
virtually recruited sample can improve the geographically diverse and speed of recruitment
[107] and eliminate data missing [108, 109]. Before the online research tool development, the
researchers studied all ethical issues (consent, privacy, and confidentiality) [110]. Data collect-
ing started only after obtaining ethical approval, as in other studies [111-113].

A virtual snowball sampling method proper for behavioral sciences and linked with an
online questionnaire as a matching tool [93] was selected to test the research hypothesis.
Respondents voluntarily took part and submitted answers when they had completed the online
questionnaire (see S1 Table. Survey questionnaire). This way, they can articulate more detailed
answers to focused and accurate questions [93, 105].
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Table 1. Socio-demographic characteristics of the participants by specialization.

Physics Chemistry Biology Mathematics Technology Informatics Geography Total p value

(N =111) (N =55) (N=13) (N =48) (N=32) (N=14) (N =27) (N =300)
Seniority 0.002
Mean (SD) 23.9(10.2) 26.2(8.5) 18.2 (7.6) 23.7 (9.8) 26.3 (5.7) 19.5 (11.1) 18.7 (10.0) 23.6 (9.6)
Range 0.0-40.0 0.0-42.0 3.0-30.0 0.0-42.0 10.0-34.0 1.0-35.0 0.0-36.0 0.0-42.0
Age < 0.001
Mean (SD) 49.5(7.7) 51.1(6.3) 452(52) | 47.8(9.3) 51.6 (5.1) 47.3(10.5) 442 (7.5) 49.0 (7.8)
Range 23.0-64.0 26.0-64.0 34.0-53.0 21.0-69.0 36.0-61.0 26.0-59.0 22.0-55.0 21.0-69.0
Degree 0.045
Debutante 12.0 (10.8%) | 2.0 (3.6%) 0.0 (0.0%) 3.0 (6.2%) 0.0 (0.0%) 3.0 (21.4%) 4.0 (14.8%) 24.0 (8.0%)
Definitive 4.0 (3.6%) 2.0 (3.6%) 2.0 (15.4%) | 2.0 (4.2%) 0.0 (0.0%) 2.0 (14.3%) 0.0 (0.0%) 12.0 (4.0%)
Degree II 13.0 (11.7%) | 3.0 (5.5%) 3.0 (23.1%) | 5.0(10.4%) 2.0 (6.2%) 1.0 (7.1%) 4.0 (14.8%) 31.0 (10.3%)
Degree I 82.0 (73.9%) | 48.0 (87.3%) 8.0 (61.5%) |38.0(79.2%) 30.0 (93.8%) 8.0 (57.1%) 19.0 (70.4%) 233.0 (77.7%)
Residence 0.072
Urban 90.0 (81.1%) | 37.0 (67.3%) 8.0 (61.5%) | 40.0(83.3%) 28.0 (87.5%) 9.0 (64.3%) 18.0 (66.7%) 230.0 (76.7%)
Rural 21.0 (18.9%) | 18.0 (32.7%) 5.0 (38.5%) | 8.0 (16.7%) 4.0 (12.5%) 5.0 (35.7%) 9.0 (33.3%) 70.0 (23.3%)
Training 0.285
Continuous 37.0 (33.3%) | 18.0 (32.7%) 1.0 (7.7%) | 16.0 (33.3%) 4.0 (12.5%) 3.0 (21.4%) 10.0 (37.0%) 89.0 (29.7%)
training
Perfection 44.0 (39.6%) | 19.0 (34.5%) 9.0 (69.2%) | 21.0(43.8%) 17.0 (53.1%) 8.0 (57.1%) 12.0 (44.4%) 130.0 (43.3%)
courses
Total training 30.0 (27.0%) | 18.0 (32.7%) 3.0 (23.1%) | 11.0 (22.9%) 11.0 (34.4%) 3.0 (21.4%) 5.0 (18.5%) 81.0 (27.0%)
Gender 0.083
Female 93.0 (83.8%) | 52.0 (94.5%) 12.0 (92.3%) | 39.0 (81.2%) 29.0 (90.6%) 11.0 (78.6%) 27.0 (100.0%) | 263.0 (87.7%)
Male 18.0 (16.2%) | 3.0 (5.5%) 1.0 (7.7%) 9.0 (18.8%) 3.0 (9.4%) 3.0 (21.4%) 0.0 (0.0%) 37.0 (12.3%)

https://doi.org/10.1371/journal.pone.0279986.t001

A higher level of respondent focus on anonymous responses was ensured through self-
administration [114] of the surveys. In the present study, the teachers who taught math, phys-
ics, biology, chemistry, technology, and informatics as part of the target group were contacted
by emails or Facebook by authors. School inspectors for STEM disciplines were asked to intro-
duce other teachers to participate. Some write an email invitation to the target group or sup-
port the Facebook author’s invitation.

Data collection took sixty-six days (November 14, 2020, and January 18, 2021).

The survey distribution began by sending a message to the scholar inspectors for STEM dis-
ciplines. A URL for accessing the online questionnaire was included in this message, and it is
still available (https://forms.gle/cSesCawKZm2vutR16). Using the snowball method, those
inspectors recommended and helped recruit other research participants (e.g., teachers who
taught math, physics, biology, chemistry, technology, and informatics) from their contacts. In
this way, starting from the initial list, access to a more considerable number of STEM teachers
has improved.

The context and purposes of the investigation were presented in the first part of the ques-
tionnaire. All ethical and personal data protection rules have been respected in collecting
responses: no personal or other data have been collected, except for the type, age in education,
degrees of teaching, and discipline taught. The authors also offered the participants a short,
simple, and relevant explanation of the purpose and method of the study to start the survey.
Additionally, the authors used a 29-minute video presentation describing a practical example
of implementing STEM learning at the beginning of the questionnaire. The video presentation
summarized IBL and INT usage cases in different fields of study. The questions were
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standardized, with pre-coded and focused answer choices. Thus, the questionnaire, with the
presentation video, was transmitted through the communication channels of the teachers. The
teachers’ Facebook groups were also used. The questionnaire had a part with open questions,
which allowed the authors to summarize the advantages enjoyed by IBL and INT.

Questionnaire development

At present, students are no longer oriented toward studying exact sciences, although the soci-
ety we live in is increasingly using technology. According to the Organization for Economic
Cooperation and Development (OECD), there are three times more graduates of human,
social or legal disciplines than science, technology, engineering, and mathematics [115]. This
trend has been unchanged for more than ten years [115]. In addition, more students enrolled
at a high school with a technical profile abandon the school than those enrolled at a high school
with a humanist profile [116]. Although more people are increasingly dependent on technol-
ogy, and the labor market demands an increasing number of specialists in technical fields, an
ever-smaller number of students are interested in studying the science of nature or technology.
The vocational orientation of the students starts in school, and teachers play a crucial role
[117]. From these considerations, this study investigated the attitude of teachers representing
the human resource that provides the educational process. In addition, IBL and INT can be
used successfully in teaching the science of nature [13, 61, 118]. Moreover, if the teacher partic-
ipates as an education facilitator, the learners’ results significantly improve [119].

The main purpose of this study was to examine teachers’ level of knowledge about INT and
IBL teaching practices and their attitude toward applying these methods in current teaching.
The questionnaire was developed in a seven-point Likert scale format to answer based on the
study framework and hypotheses as precisely as possible. The questionnaire was structured in
three sections: the first section collects specific information about respondents to determine
the distribution of answers according to specialization, seniority, age, degree category, resi-
dence, training type, and gender. The second section covers the specific items of the latent fac-
tors of the research model competence, perception of usefulness, the perception of enjoyment
and attitude. Experts in Natural Sciences and Educational Sciences contributed to the ques-
tionnaire design. A professional translation from Romanian into English was performed. The
questionnaire application was approved by the Bucharest University Ethics Committee and
complied with all rules on protecting the personal data of the research participants. No per-
sonal data were collected, and the answers received were used only for research purposes.

Measurements

Competences. The competencies regarding knowledge of the pedagogical content of IBL
and the INT teaching practices were assessed with the items adapted to the scale proposed by
Chuang, Weng, & Huang [120]. The initial scale contains eight items for each topic addressed
(IBL/INT). Items measured two dimensions: content (i.e., "I can identify topics appropriate for
teaching through IBL/INT to help students better understand the problematic content") and per-
sonality (i.e., "I can use IBL/INT to stimulate learners to observe, explore and investigate") (see
S1 Table). All items were rated on a 7-point Likert scale ranging from 1 (Total disagreement)
to 7 (Total agreement). Four items do not meet quality requirements of Exploratory Factor
Analyses (EFA). Consequently, these items were removed from the scale and rebuilt evaluation
scale. A Cronbach alpha coefficient was calculated for the Competencies scale, consisting of
S112, SI13, SI14, and SI16 (Table 2).

Usefulness. Items related to the usefulness dimension were self-developed. This factor
contains four items for each topic (IBL/INT). Items measured two dimensions: importance
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Table 2. Factor loadings from exploratory factor analysis for total sample (N = 600).

Factor Loadings

SI12
SI13
SI16
SI14
SI71
SI63
SI172
Sl64
SI35
SI36
SI34
SI33
SI53r
SI54r
SI55

Factor
Competences
0.90

0.72

0.72

0.68

Usefulness Attitude Enjoyment Communality
0.74
0.68
0.67
0.56
0.87 0.84
0.77 0.50
0.69 0.71
0.63 0.45
0.85 0.76
0.78 0.59
0.73 0.67
0.59 0.50
0.92 0.76
0.76 0.75
0.48 0.71

Note. ’Principal axis factoring’ extraction method was used in combination with an "oblimin’ rotation

https://doi.org/10.1371/journal.pone.0279986.t002

(i.e., "Because it seems important, I would put a lot of effort to promote IBL/INT activities") and
valuable (i.e., "I would be inclined to apply IBL/INT because I find it a valuable strategy for all
educational actors") (see S1 Table). All items were rated on a 7-point Likert scale ranging from
1 (Total disagreement) to 7 (Total agreement). A Cronbach alpha coefficient was calculated for
the Usefulness scale, consisting of SI71, SI63, SI72, SI64 (Table 2).

Enjoyment. Four self-developed items measured teachers’ enjoyment relative to the
teaching act with STEM and IBL strategies. Items measured one dimension: enjoy (i.e., "IBL/
INT activity is very interesting") (see S1 Table). All items were rated on a 7-point Likert scale
ranging from 1 (Total disagreement) to 7 (Total agreement). One item does not meet quality
requirements of Exploratory Factor Analyses (EFA). Consequently, this item was removed
from the scale and rebuilt evaluation scale. A Cronbach alpha coefficient was calculated for the
Enjoyment scale, consisting of SI53r, SI54r, and SI56 (Table 2).

Attitude. Ten items measured teachers’ attitude on using the IBL practice [121] and INT
[9]. Items were measuring one dimension regarding cognitive attitude (i.e., "IBL/INT strategy
is diverse and has various paths" and "IBL/INT leads to the stimulation of learners’ autonomy"
(see S1 Table). All items were rated on a 7-point Likert scale ranging from 1 (Total disagree-
ment) to 7 (Total agreement). Six items do not meet quality requirements of Exploratory Fac-
tor Analyses (EFA). Consequently, these items were removed from the scale and rebuilt
evaluation scale. A Cronbach alpha coefficient was calculated for the Attitude scale, consisting
of SI33, SI34, SI35, SI36 (Table 2).

Data analysis

Various methods were conducted to determine the reliability and validity of the survey. First,
questionnaire face validity was determined by educational experts’ contribution to the item’s
development and by pretesting among Bucharest University teachers. Then, an item analysis
was made to analyze the relevance of each item [122]. All values of the item-total correlations
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were higher than the cut-off criterion of 0.20 [123]. All items that meet the quality require-
ments were retained in the questionnaire.

To assess the study model in each STEM practice using PLS-SEM and to match the findings
of the estimated path coefficients, this study followed a three-stage approach to estimate the
measurement models, structural models, and multigroup analysis [124]. Exploratory factor
analysis (EFA) was applied to total sample corresponding to IBL and INT teaching strategies
(N =600) to provide the construct validity of the questionnaire [120, 125]. Exploratory factor
analysis (EFA) [34] was conducted for 26 variables (see S1 Table) using parallel analysis for
determining the number of factors to retain with the principal axis factoring method and
Oblim rotation. EFA were performed to examine the relationship between the questionnaire
items and the proposed theoretical concepts. This determines factorial validity, which is a part
of construct validity [126]. The factor loadings were interpreted by taking the absolute value of
each loading and implementing the criterion suggested by Comrey and Lee [127]. Values
greater than 0.71 are considered excellent, values between 0.63 and 0.71 are excellent, values
between 0.55 and 0.63 are good, values between 0.45 and 0.55 are fair, and values between 0.32
and 0.45 are poor. Tabachnick and Fidell [128] also recommend that 0.32 be the minimum
threshold to identify significant factor loadings. Kaiser-Meyer-Olkin (KMO) (>.60 is ade-
quate) and Bartlett tests (significant at the 0.05 level) were analyzed to know whether the data
set is suitable for the factor analysis. The results of these tests met the conditions (KMO = 0.95)
and Bartlett tests were significant at the 0.05 level, therefore the EFA procedures were started.
EFA supported the pre-defined structure of the four constructs (competencies, enjoyment,
usefulness, and attitude). All rotated factor loadings associated with corresponding dimensions
and all commonalities were greater than .40 (see Table 2).

Briefly, the sample size for exploratory factor analysis was 600, and the initial number of vari-
ables included was 26. Therefore, the sample size is adequate to produce reliable outcomes
[129]. Factor 1 (Attitude) accounted for IBL teaching practices: 18.3% of the variance with an
eigenvalue of 8.37. Factor 2 (Competencies) accounted for 18.2% of the variance. Factor 3 (Use-
fulness) accounted for 18.1% of the variance. Factor 4 (Enjoyment) accounted for 14% of the
variance. The four-factor model accounted for 68.7% of the total variance in the data. The factor
analysis loadings and the communality estimate, or each item are presented in Table 2. There
were no variables with a low communality (< 0.20) or cross-loadings, which indicates that the
factor structure is uncomplicated and easy to explain. Moreover, each factor had at least three
significant loadings (> 0.40), which is revealing of a solid and consistent factor [129].

Eleven items were excluded from the EFA analyses (the cut-off limit > 0.40) [125], and fur-
ther analysis was performed with the remaining 15 items.

Then, a confirmatory factor analysis (CFA) using SmartPLS3 with two separate sample cor-
responding to IBL and INT teaching practice was performed. Ratio between Chi-square (2)
and degrees of freedom (Df), comparative fit index (CFI), Tucker-Lewis fit index (TLI), Root
mean square error of approximation (RMSEA), standardized root mean square residual
(SRMR) were quality indexes taking into consideration. CFA results indicated an adequate
model fit for IBL/INT: x2/Df = 2.26/2.88, CFI = 0.96/0.95, TLI = 0.95/0.94, RMSEA = 0.06/
0.04, SRMR = 0.04/0.04. Then, the Cronbach alpha coefficients were calculated for each factor
of each teaching practice to assess the reliability (internal consistency) of the survey
instrument.

In the last part, a partial least squares structural equation modeling (PLS-SEM) model [130,
131] using SmartPLS version 4 software was conducted to determine whether the latent vari-
ables (Attitude, Usefulness, Competencies, and Enjoyment) adequately describe the data. The
following fit index was used to assess the model fit: standardized root mean square residual
(SRMR) [132, 133]. The effect size of the predictor dimensions was assessed using £? effect
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size. According to Cohen (1988), f* a value of 0.02, 0.15, and 0.35 represent small, medium,
and large effects [134].

Finally, invariance tests were conducted to test whether the measurement model met the
metric invariance criteria across strategy styles. Measurement invariance composite (MICOM)
results (S3 Table) based on three steps (configural invariance, compositional invariance, &
equality of composite mean values and variances) [135] revealed that partial measurement
invariance had been established. Moreover, the permutation [136] outputs infirmed that the
possible differences are a consequence of the STEM teaching style. Exploratory factor analysis
(EFA), Confirmatory Factor Analyses (CFA) and Partial least squares structural equation
modeling (PLS-SEM) analyses were performed using the Jamovi, Intelectus statistics [137],
and SmartPLS version 4 software packages.

Results
Data normality

Evaluation of the skewness and kurtosis distribution were used to check the normality of data.
The study constructs did not exhibit a normal distribution, as in some situation’s skewness
varied over values from -2 to +2, and kurtosis values ranged over values from -3 to +3 (see
Table 3). PLS-SEM algorithms are generally used in the case of non-normal data [138]. Conse-
quently, even if some of the item responses do not represent a normal distribution, further
analysis was performed using PLS-SEM.

Common method bias

Questionnaire data based on same-respondent responses may lead to common method bias.
Any variable with an R® > 0.90 can contribute to multicollinearity in the SEM model [122].
Consequently, the variance inflation factor (VIF) [139] was verified if multicollinearity is or
not severe. All inner VIF values are smaller than the cut-off value of 3.3 [135], so the multicolli-
nearity is not severe.

Descriptive statistics and correlations

Summary statistics were calculated for the Competencies, Usefulness, Enjoyment, and Attitude
scales. There was little difference in the mean scores of all the items, as the values fluctuated
from 5.39 to 6.15. The results of descriptive statistics and corrected item-total correlation the
research model dimensions are presented in Table 3. All corrected item-total correlations are
scored positively and more than 0.3, which was in line with recommendations [140]. The cor-
relation coefficients of this study are reported in Table 4. As can be observed in Table 4, signifi-
cant and positive correlations were found between each of the latent variables for each case
study. Briefly, teacher competencies and attitudes were related positively to usefulness, and
enjoyment, as predicted by the research model (see Table 4).

Reliability and validity of the measurement models

The results of the factor loading (standardized regression weights) indicate that the magnitude
for all items is above the satisfactory benchmark of 0.71 (Table 5).

Also, the data are considered to be consistent because the value of the Cronbach’s alpha,
rho_A coefficient and composite reliability (CR) (Table 6) lies within the acceptable limits of
above 0.7 [141]. The Average Variance Extracted (AVE) for the research dimensions corre-
sponding to both samples IBL/INT was greater than the threshold 0.50 (see Tables 5 and 6), so
the convergent validity of constructs was fulfilled [142]. The off-diagonal values shown in
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Table 3. Descriptive statistics and corrected item-total correlations of the 14 items corresponding to Competencies, Usefulness, Enjoyment, and Attitude scales
(N1 =300 (IBL) and N2 = 300 (INT)).

Skewness Kurtosis
Factor/Items ‘ Strategy | Mean SD Corrected Item-Total Correlation Skewness SE Kurtosis SE
Competencies
SI12 IBL 593 0.90 0.79 -1.75 0.14 6.27 0.28
INT 5.83 0.87 0.76 -1.47 0.14 4.54 0.28
SI13 IBL 6.03 0.78 0.73 -1.62 0.14 6.89 0.28
INT 5.88 0.80 0.79 -1.46 0.14 4.16 0.28
SI14 IBL 5.75 0.98 0.67 -1.53 0.14 4.18 0.28
INT 5.72 0.97 0.71 -1.22 0.14 2.17 0.28
SI16 IBL 6.15 0.88 0.73 -2.30 0.14 9.51 0.28
INT 6.00 0.80 0.77 -1.41 0.14 3.83 0.28
Usefulness
SI71 IBL 5.86 0.94 0.78 -1.62 0.14 4.60 0.28
INT 5.73 0.99 0.82 -1.41 0.14 2.92 0.28
SI63 IBL 5.39 1.22 0.60 -1.09 0.14 1.15 0.28
INT 5.43 1.11 0.73 -1.04 0.14 1.44 0.28
Sl64 IBL 5.72 0.98 0.65 -1.23 0.14 1.80 0.28
INT 5.69 0.99 0.60 -1.37 0.14 2.71 0.28
SI172 IBL 5.84 0.93 0.73 -1.82 0.14 5.97 0.28
INT 5.70 1.07 0.75 -1.50 0.14 3.19 0.28
Enjoyment
SI53r IBL 5.71 1.23 0.73 -1.47 0.14 2.39 0.28
INT 5.62 1.19 0.81 -1.28 0.14 1.72 0.28
SI54r IBL 5.96 1.07 0.79 -1.79 0.14 4.42 0.28
INT 5.80 1.09 0.79 -1.54 0.14 3.02 0.28
SI55 IBL 5.87 0.96 0.74 -1.59 0.14 4.22 0.28
INT 5.78 1.00 0.73 -1.63 0.14 4.05 0.28
Attitude
SI33 IBL 5.85 0.97 0.64 -1.88 0.14 5.39 0.28
INT 5.96 0.82 0.67 -1.34 0.14 3.23 0.28
SI134 IBL 5.80 0.91 0.71 -1.10 0.14 2.02 0.28
INT 5.72 0.95 0.75 -1.50 0.14 3.72 0.28
SI35 IBL 5.85 0.88 0.75 -1.34 0.14 2.99 0.28
INT 5.79 0.87 0.82 -1.45 0.14 3.81 0.28
SI136 IBL 5.66 1.00 0.66 -1.28 0.14 2.32 0.28
INT 5.69 0.95 0.76 -1.33 0.14 2.51 0.28

https://doi.org/10.1371/journal.pone.0279986.t003

Table 7 indicate the correlations between the factors. The diagonal values report the square val-
ues of AVEs, proving AVE value exceed the square correlations between the latent variables
[143]. The confirmation of discriminant validity of the analysis is also validated because the
Heterotrait-Monotrait Ratio of Correlations (HTMT) values were lower or equal than the lim-
its of 0.90 (Table 7) [144].

Structural model: Hypotheses tests

A structural model [145] with the consequences postulated in our PLS-SEM model was inves-
tigated. Of the demographic variables involved as controls (i.e., age, gender, seniority, resi-
dence, degree, training, specialization), our PLS-SEM model outcomes corresponding to the
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Table 4. Correlations between scores of the individual-level predictors (competencies, usefulness, and enjoyment)
and effect (attitude). Case study: IBL (N; = 300)/INT (N, = 300).

1 2 3 4
1. Competencies — 0.63%+%/0.74"+* 0.59 ****/0.63 **** 0.72 ***/0.69 ****
2. Usefulness — 0.69 ****/0.62 >+ ** 0.61 ****/0.65 ****

3. Enjoyment

0.58 2**¥/0.59 P*+

4. Attitude

Note: * = IBL;
b~ INT;
% p < 0.001

https://doi.org/10.1371/journal.pone.0279986.t1004

Table 5. CFA factor loadings, t statistics and significance level for IBL and INT teaching strategies.

IBL (b)
Loadings T statistics (|O/STDEV]) p values
SI12 <- Competencies 0.89 39.65 0.000
SI13 <- Competencies 0.85 18.63 0.000
SI14 <- Competencies 0.81 23.21 0.000
SI16 <- Competencies 0.86 30.98 0.000
SI33 <- Attitude 0.79 20.23 0.000
SI34 <- Attitude 0.86 44.61 0.000
SI35 <- Attitude 0.88 41.55 0.000
SI36 <- Attitude 0.79 22.81 0.000
SI53r <- Enjoyment 0.85 19.79 0.000
SI54r <- Enjoyment 0.91 47.08 0.000
SI55 <- Enjoyment 0.91 73.22 0.000
SI63 <- Usefulness 0.74 13.31 0.000
SI64 <- Usefulness 0.79 22.99 0.000
SI71 <- Usefulness 0.91 62.12 0.000
SI72 <- Usefulness 0.89 44.22 0.000
INT (c)
Original sample (O) T statistics (JO/STDEV|) p values
SI12 <- Competencies 0.88 35.99 0.000
SI13 <- Competencies 0.89 42.76 0.000
SI14 <- Competencies 0.82 25.62 0.000
SI16 <- Competencies 0.88 42.53 0.000
SI33 <- Attitude 0.81 22.88 0.000
SI34 <- Attitude 0.87 38.50 0.000
SI35 <- Attitude 0.91 55.66 0.000
SI36 <- Attitude 0.87 40.20 0.000
SI53r <- Enjoyment 0.91 56.11 0.000
SI54r <- Enjoyment 0.91 43.61 0.000
SI55 <- Enjoyment 0.89 44.98 0.000
SI63 <- Usefulness 0.84 24.67 0.000
SI64 <- Usefulness 0.75 12.60 0.000
SI71 <- Usefulness 0.92 86.93 0.000
SI72 <- Usefulness 0.88 26.79 0.000
https://doi.org/10.1371/journal.pone.0279986.t1005
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Table 6. Reliability and validity for IBL and INT teaching strategies.

Factor Cronbach’s alpha
IBL INT
Competencies 0.87 0.89
Usefulness 0.85 0.87
Enjoyment 0.87 0.89
Attitude 0.85 0.89

https://doi.org/10.1371/journal.pone.0279986.t006

rho_A Composite Reliability CR. Average Variance Extracted
AVE

IBL INT IBL INT IBL INT

0.87 0.90 0.91 0.92 0.73 0.75

0.88 0.89 0.90 0.91 0.70 0.72

0.90 0.89 0.92 0.93 0.79 0.81

0.86 0.89 0.90 0.92 0.69 0.75

total sample showed that none of these variables had a significant impact on attitude. Referring
to the model quality for the total sample/IBL/INT, the study results showed an R* value of
0.58/0.59/0.59 for attitude, 0.42/0.45/0.39 for enjoyment and 0.48/0.42/0.54 for usefulness,
higher than the 0.10 threshold [146]. The Stone-Geisser blindfolding sample reuse analysis
shows relevance Q” values greater than 0 [124] for total sample and for both IBL/INT samples.
Therefore, attitude (Q* = 0.52 (total sample)/0.53 (IBL)/0.52 (INT)), enjoyment (Q*=0.41
(total sample)/0.44 (IBL)/0.38 (INT)) and usefulness (Q* = 0.47 (total sample)/0.41 (IBL)/0.53
(INT)) are successfully predicted by the research model. Moreover, the standardized root
mean square residual (SRMR) of the total sample (0.06), IBL (0.07) and INT models (0.06),
which is below the 0.08 cut-off [124, 146], indicated a good model fit for all case studies. The
predicted paths are all significant, as displayed in Fig 2A and 2B.

The standardized coefficients present in Fig 2 emphasize that IBL/INT attitude is predicted
by usefulness (B = 0.14/0.14), competencies (B = 0.49/0.46), and enjoyment ( = 0.22/0.26).

Direct regression results. Correspondence with H1. Direct regressions were examined
based on an alpha value of 0.05. The brief outcomes of direct regression analyses and the effects
size evaluation of the exogenous latent variables on the endogenous variable in their direct
relationships are presented in Table 8 for total sample (a), IBL (b) and INT (c).

The Competencies (COM) significantly predicted Attitude (ATT) (see Table 8). This
finding indicates that a one-unit increase in COM will increase the expected value of ATT
by 0.47/0.49/0.47 units in the case of total sample/IBL/INT. Competencies (COM) signifi-
cantly predicted Enjoyment (ENJ). Therefore, a one-unit increase in COM will increase
the expected value of ENJ by 0.65/0.67/0.62 units. Competencies (COM) significantly pre-
dicted Usefulness (USE), indicating a one-unit increase in COM will increase the expected
value of USE by 0.69/0.65/0.73 units in the case of total sample/IBL/INT. Enjoyment (ENJ)
significantly predicted Attitude (ATT). Therefore, a one-unit increase in ENJ will increase
the expected value of ATT by 0.24/0.22/0/26 units in the case of total sample/IBL/INT.
Usefulness (USE) significantly predicted ATT, indicating a one-unit increase in USE will
increase the expected value of ATT by 0.14 units for all case studies. As can be observed,
the findings regarding direct regressions for IBL and INT are similar to the whole sample
(see Table 8). These results confirm that hypothesis H; was supported.

Table 7. Discriminant validity for IBL (*) and INT ® teaching strategies.

1. 2. 3. 4.

1. Attitude 0.83%/0.86°

2. Competencies 0.73%/0.72° 0.85%/0.87"

3. Enjoyment 0.65%/0.64° 0.67°/0.62° 0.89°/0.89"

4. Usefulness 0.62/0.65° 0.65%/0.73° 0.73%/0.69° 0.83/0.85"

https://doi.org/10.1371/journal.pone.0279986.t007
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0.418

®

Usefulness
0.646 (0.000) 0.144(0.022)

0.489 (0.000)

0.667 (0.000) 0.218 (0.000)

Enjoyment

0.538

®

Usefulness
0.734 (0.000) 0.138 (0.040)

0.457 (0.000)

0.624 (0.000) 0.260 (0.000)

Enjoyment

Fig 2. Attitude Structural Equation Model for IBL (a) and INT (b).
https://doi.org/10.1371/journal.pone.0279986.g002

Mediation model results. Correspondence with H2. The suggested mediational models
were tested to validate the second hypothesis. A more complex model consisting of indirect
effects between competencies and attitude was looking to demonstrate (see Table 9). Briefly,
the mediation test was conducted to determine whether USE or ENJ mediated the relationship
between COM and ATT. The brief outcomes of mediation examined based on an alpha of 0.05
are presented in Table 9 (a (for average), b (IBL) and ¢ (INT)). The direct effect between COM
and ATT was significant (Table 8), suggesting that complete mediation by USE or EN]J did not
occur, although some partial mediation was still present.

Partial mediation was examined using the indirect and total effects of USE or ENJ on
the relationship between COM and ATT for each teaching practice (Table 9B and 9C) and
for total sample (Table 9A). The indirect effect of USE on the relationship of ATT regressed
on COM was significant for both IBL and INT. Therefore, a one-unit increase in COM,
based on its effect on USE, will increase the expected value of ATT by 0.09 units for IBL
and 0.10 units for INT. The indirect effects of USE on the relationship of ATT regressed on
COM were low but statistically significant. A one-unit increase in COM, based on its effect
on ENJ, will increase the expected value of ATT by 0.15 units for IBL and 0.16 units for
INT. The total effect of COM on ATT was significant, indicating a one-unit increase in
COM will increase the expected value of ATT by 0.73 units for IBL and by 0.72 for INT.
Since the indirect and total effects were significant for IBL and INT, partial mediation was
supported for both teaching practices (Table 9B and 9C). Consequently, hypothesis H, was
supported.

Multigroup model results. Correspondence with H3. Additionally, the multigroup
(MGA) comparison test results show non-significant differences between the IBL and INT as
distinct groups for the relationship between COM and ATT, COM and ENJ, COM and USE,
ENJ and ATT and USE and ATT (Table 10). Therefore, hypothesis H3 was not supported.
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Table 8. Specific direct effects and the effects size evaluation of the exogenous latent variables on the endogenous variable in their direct relationships for the total sample
(a), IBL (b) and INT (c) teaching practices.

Hypothesis | Path Path Standard deviation T statistics (|O/ p values | £ effect Effect? | Hypothesis
coefficients (STDEV) STDEV|) size results

Total sample (a)

Hlla Competencies -> Attitude | 0.47 0.05 9.97 0 0.25 Medium | Supported

Hl2a Competencies -> 0.65 0.04 17.87 0 0.71 Large Supported
Enjoyment

Hl3a Competencies -> 0.69 0.03 21.55 0 0.91 Large Supported
Usefulness

Hl4a Enjoyment -> Attitude 0.24 0.05 4.95 0 0.06 Small Supported

H15a Usefulness -> Attitude 0.14 0.05 2.62 0.004 | 0.02 Small Supported
IBL (b)

H11b Competencies -> Attitude | 0.49 0.07 7.46 0 0.29 Medium | Supported

H12b Competencies -> 0.67 0.05 13.92 0 0.80 Large Supported
Enjoyment

H13b Competencies -> 0.65 0.05 12.06 0 0.72 Large Supported
Usefulness

H14b Enjoyment -> Attitude 0.22 0.07 3.36 0 0.05 Small Supported

H15b Usefulness -> Attitude 0.14 0.07 2.01 0.022 0.02 Small Supported
INT (c)

Hllc Competencies -> Attitude | 0.46 0.07 6.46 0 0.22 Medium | Supported

Hl2c Competencies -> 0.62 0.05 12.00 0 0.64 Large Supported
Enjoyment

Hl13c Competencies -> 0.73 0.04 19.76 0 1.17 Large Supported
Usefulness

Hl4c Enjoyment -> Attitude 0.26 0.07 3.84 0 0.08 Small Supported

H15c¢ Usefulness -> Attitude 0.14 0.08 1.76 0.04 0.02 Small Supported

https://doi.org/10.1371/journal.pone.0279986.t008

The multiple mediation model underlined that competencies exert a direct effect on atti-
tude and indirect effects through usefulness and enjoyment. As expected, the high level of
competencies enhances the perceived usefulness and enjoyment of using a learning strategy,
contributing to a higher attitude to adopt it during the educational process.

Table 9. Specific indirect effects for the total sample (a), IBL (b) and INT (c) teaching practices.

Hypothesis | Path Indirect effect Standard deviation T statistics (JO/ p values | Hypothesis results
coefficient (STDEV) STDEV|)

Total sample (a)

H21la Competencies -> Enjoyment -> 0.15 0.03 4.65 0.001 Partial mediation
Attitude

H22a Competencies -> Usefulness -> 0.10 0.04 2.58 0.005 Partial mediation
Attitude
IBL (b)

H21b Competencies -> Enjoyment -> 0.15 0.04 3.28 0.001 Partial mediation
Attitude

H22b Competencies -> Usefulness -> 0.09 0.05 1.96 0.025 Partial mediation
Attitude
INT (c)

H21c Competencies -> Enjoyment -> 0.16 0.05 3.53 0.001 Partial mediation
Attitude

H22c¢ Competencies -> Usefulness -> 0.10 0.06 1.75 0.040 Partial mediation
Attitude

https://doi.org/10.1371/journal.pone.0279986.t009
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Table 10. PLS-MGA results.

Path Path Coefficients-diff (IBL—INT) | p-Value original 1-tailed (IBL vs INT) |p-Value new (IBL vs INT) |Difference established?
Competencies -> Attitude 0.03 0.369 0.369 No
Competencies -> Enjoyment | 0.04 0.271 0.271 No
Competencies -> Usefulness | -0.09 0.913 0.087 No
Enjoyment -> Attitude -0.04 0.67 0.330 No
Usefulness -> Attitude 0.01 0.479 0.479 No

https://doi.org/10.1371/journal.pone.0279986.t010

Discussions
Practical implications

It is essential to explore the differential impact of STEM on the relationship between teachers’
competencies and their attitude regarding integrated STEM. It offers valuable data to teachers
who need to change educational acts according to their teaching practice’s specific features
[71]. Kelley and Knowles (2016) indicated that STEM educators lack a cohesive understanding
of STEM concepts [147]. Integrated STEM requires transdisciplinary knowledge and skills
[148, 149]. An integrated STEM curriculum [150, 151] could help solve the challenges of mod-
ern education. Also, the researchers have shown that perceived usefulness [152] and perceived
enjoyment [153] influence the motivation to use STEM education [154]. Anything that teach-
ers find real, useful and enjoyable through their engagement in specific activities is a stimulus
for developing their competencies [155] and induces a positive attitude towards the educa-
tional process. Consequently, the interest in understanding the mediating roles of utility and
enjoyment in the relationship between teachers’ competencies and attitudes towards each
STEM practice is justified to be investigated to forecast if this strategy will be successful.

The present research aimed to explore the direct predictors of the teachers’ attitude to use
STEM practices in educational activities, testing hypothesis H1 and indirect predictors testing
H2. Also, we compared two STEM methods testing hypothesis H3.

Direct relationships between antecedents and teacher attitude

Teacher attitudes were directly related to teachers’ competencies, enjoyment and usefulness of
both facets of STEM practices. These outputs complement other studies [4, 139, 140] and con-
tribute to STEM curriculum development. The attitude influenced by the teachers’ competen-
cies decisively participates in successfully adopting a teaching strategy [156-158]. These results
can be explained by defining the role of each teaching practice. IBL is a strategy related to
direct interaction with the class and the teaching act itself. INT is a much broader concept and
a plan suited to multidisciplinary subjects. These findings can be justified by considering the
intrinsic motivational role of daily observations in the perceived usefulness and enjoyment of
IBL and INT.

Indirect relationships between competencies and teacher attitude

Education researchers have extensively studied the relationship between attitude and teachers’
competencies. In particular, the relationship between attitude and competencies mediated by
different aspects correlated with technology was studied to increase the probability of teachers
embracing change [159]. However, the moderator factors that may intensify or diminish the
relationship between the two constructs have not been fully identified. Some researchers have
proven that ease of use influences the relationship between competence and behavioral intent
to use correlated with attitude. Other researchers have found that the two dimensions are
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mediated by the sense of efficacy [160] if we refer to the attitude towards inclusion or to the
level of online teaching intentions if we refer to the attitude towards online teaching [161]. The
present study highlights the simultaneous mediating influence of enjoyment and usefulness of
a new teaching strategy that shares commonalities with adopting digital technologies. How-
ever, the results of the research show that perceived Usefulness (USE) plays a mediating role
between competencies (COM) and attitudes (ATT) less than Enjoyment (ENJ). This result
shows that teachers’ attitudes towards STEM teaching practices are influenced primarily by
affective factors and, secondarily, by cognitive ones. It is widely recognized that attitudes rep-
resent the cognitive and affective approach to influencing behaviors [162, 163]. Of interest to
educational authorities is to know which are the most important predictors of attitudes and
the order of their influence. In the present study, the most important predictor of teachers’
attitudes is their opinion of the level of knowledge, followed by enjoyment and uselessness. A
first explanation of the fact that enjoyment has a greater influence than usefulness on the atti-
tude of teachers can be formulated, considering the fact that STEM teaching practices are one
of the most emotionally challenging jobs [163]. A successful lesson involved many hours of
preparation, during which the teacher analyzes several scenarios and possible developments in
the conduct of the teaching activity. In addition, without the teacher’s conviction that the cho-
sen method will have a positive impact on the learning process, the method will not be imple-
mented, however cognitively tempting it may be. From our perspective, this is the main reason
why ENTJ has a small ascendant in front of the USE.

Discuss multigroup comparisons of the research model

The similarities in construct relationships for IBL and INT can be explained by teachers’ per-
sonal experiences, which do not clearly distinguish between IBL and INT in terms of useful-
ness and enjoyment. These results are also confirmed by the teachers” answers to open
questions. Briefly, the IBL and INT advantages observed by respondents are the following: the
effectiveness of the learners (30% of respondents claimed this aspect in the IBL case and only
15% in the INT case), the development of thought, the presence of an innovative character, to
teach a differentiated lesson, efficiently transferring knowledge to other subjects. Unlike IBL,
in the INT case, teamwork’s practical nature and feasibility were particularly appreciated (25%
of respondents claimed this aspect in the INT case).

Even if the mediating role of USE and ENJ is demonstrated for both IBL and INT, the role
of USE is more prominent in INT than in IBL. One possible explanation for this result is that
more diversified skills are needed to tackle INT methods. For example, for IBL, it is sufficient
for the teacher to have a very good command of the subject he/she teaches, possibly with inter-
mediate computer skills. When talking about an integrated approach, the teacher must have
advanced knowledge from several fields, for example, mathematics, natural sciences, engineer-
ing, and computer science, which the instructor can incorporate into a coherent teaching
activity. For example, to use the IBL strategy to get students to study soap and the soaping reac-
tion, it is sufficient for the teacher to have a thorough knowledge of chemistry. If, however, an
approach is desired in which students are challenged to study the mechanism of feeding in
humans, then knowledge from almost all areas of the natural sciences is required. Physics is
needed to describe the mechanical part of feeding (mastication, advancing the food bowl into
the digestive system), chemistry is needed to describe the chemical reactions that take place in
the breakdown of food, and biology is needed to describe the digestive system and the func-
tioning of its different parts.

Most research participants teach a single discipline, leading to a one-sided approach.
Another aspect to be considered is the facilities available to teachers in the pre-university
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environment. Even if the discipline facilities are satisfactory, INT teaching practice requires a
more complex implementation in the pre-university environment than IBL High school teach-
ers are not initially trained for teaching using INT. Only teachers’ experience or training
courses enhance these skills [164]. For example, Mathematics is taught as an abstract disci-
pline, separate from other Nature Sciences or Engineering. IBL or INT strategy used in real
cases [165] was difficult to apply if usefulness and enjoyment were not highlighted. Conse-
quently, the adoption of IBL and INT in an integrated and transdisciplinary manner is a com-
plex experience toward the individual approach of each discipline [166]. Cognitive and
affective factors such as usefulness and enjoyment were necessary to support a positive attitude
of teachers to accept instructional strategies in practice. It can be concluded that the transdisci-
plinary nature of the STEM approach requires more complex skills of teachers to adapt IBL or
INT in different educational contexts.

Contribution to research

This research has presented a mediated multigroup model to investigate the relationships
between competencies and attitudes mediated by usefulness and enjoyment across secondary
teachers while controlling for their specialization. For these purposes, twenty-six item scales of
COM, USE, ENJ, and ATT were self-developed or adopted from literature. The scales revealed
acceptable reliability, dimensionality, and validity levels through IBM and INT samples. In the-
ory, this study has contributed to the literature by synthesizing WST, TAM, and FLT models.

This descriptive design has some distinct benefits over similar previous studies. First, some
previous studies have analyzed the influence of teachers’ attitudes toward the effectiveness of
teaching practices [9, 81], which are correlated with the quality of classroom teaching [167].
Nevertheless, attitudes toward teaching practice style have influenced students’ attitudes
regarding learning [168]. However, there are data that teachers’ self-assessed technology-
related skills instead of attitudes affect educational practices [18]. Alternatively, enjoyment in
learning has an adaptive and indirect role [169]. Second, numerous studies have investigated
the teachers’ perceived usefulness as predictive of their attitudes toward digital technology
[170]. The testing of mediation role of the enjoyment and usefulness between the still and will
was innovative, and therefore it is justified. Third, other studies [171-173] highlighted the
potential role of teaching strategy in learning and academic achievement.

Limitations and suggestions for future research

The study presented some limitations common to all survey research: the respondent’s report
of their beliefs or attitudes can generate a possible bias [174]. The four scales measure a specific
conceptualization. Some researchers have suggested a multidimensional approach in such con-
texts [175]. Because only practice can provide complete answers to our research questions,
new dimensions related to skill, will, and tools are required. This approach will offer proper
awareness regarding strategy style motivation and effectiveness. Not unexpectedly, the special-
ization of teachers of the whole sample is not balanced (see Table 1). First, this is because
teachers from each discipline use the IBL and INT methods differently. STEM is a complex
tool for effective teaching and depends on academic discipline [149]. Also, teachers’ beliefs can
influence the acceptance of IBL and INT [148]. Each teacher translated IBL and INT teaching
practices into classroom activities [176] adapted to discipline context, shaping particular
instruction [177]. In this study, the competencies of all respondents fall into one field, that of
natural sciences. From the personal experience perspective, physics teachers are more inter-
ested in using these methods because the new national physics curricula particularly encourage
STEM teaching. The quantitative imbalances observed in teachers’ specialization highlight
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teachers’ ability to use STEM practices for different subjects. Studies focused on the relation-
ship between teachers’ discipline and IBL and INT teaching practices are relatively new, mar-
ginal research fields with few experimental studies, particular between math and science [178].
Therefore, until now, information about teacher specialization impact on STEM practices
beliefs is not enough. Because it is important to hold all variables constant, in the present
study, teacher specialization was used as a control variable. However, the further research on
the relationships between teacher specialization and their attitude to STEM practice is there-
fore required.

Conclusions

The present study examined the relationship between teachers’ competencies and attitude
under the influence of perceived usefulness and enjoyment for key dimensions of STEM teach-
ing practice. This study demonstrated that perceived Usefulness partially mediated the associa-
tion between Competencies and Attitude in both cases of IBL and INT. Also, the Enjoyment
partially mediated the association between Competencies and Attitude in cases of IBL and INT.
According to the data obtained, the influence of teaching practice style as moderator is insignifi-
cant for all direct research relationships. The similarities are interesting and open new research
directions to identify the differences between the two STEM teaching practices. Obviously, the
relationship between competence and attitude is direct and intense, and usefulness and enjoy-
ment have an important and similar mediating role for IBL and INT. Even if the direct effect of
the COM factor on the USE, ATT and ENJ is strong for IBL and INT, the direct effect of USE
and ENJ on ATT is smaller. Understanding this particular relation could improve the perfor-
mance of integrated STEM education. These results reinforce the belief that competencies pri-
marily influence attitude and not the teacher’s perceived benefits in the short term.

The integrated character of STEM addresses transcending relationships between distinct
disciplines, considering the consequences of the circulation of information among different
branches of knowledge, allowing unity in diversity. Transdisciplinary aims to reveal the nature
and characteristics of the flow of educational information. Consequently, a new language that
facilitates the dialogue between specialists in different fields was created. Such a vision also
makes it more challenging to transfer STEM knowledge to the application level using IBL or
INT. This process involves a broader approach than a single discipline’s perspective.

Another factor influencing the perception of the usefulness of IBM and INT and its rela-
tionship with teachers’ attitudes is the continuous decrease of hours allocated to natural disci-
plines in favor of humanist disciplines. In a context where science and technology are
constantly evolving, STEM teachers no longer have time to go through the specific content of
their teaching fields. They have less time for integrated and transdisciplinary approaches to
transfer particular competencies, as IBL and INT teaching practices separately or together
ensured. Future research on how the particularities of IBL and INT can affect students’ aca-
demic results were recommended. Another topic of interest for the following studies is how
the educational climate, including teaching time, influences the quality of private education in
real disciplines. This study’s results encourage continued promotion of the IBL and INT teach-
ing practices to teach subjects in a cross-disciplinary and integrated manner using the investi-
gation approach. Understanding the causal relations between competencies and attitude could
bring helpful insights into the teachers’ STEM experiences.

Supporting information

S1 Table. Survey questionnaire.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0279986 January 26, 2023 23/32


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279986.s001
https://doi.org/10.1371/journal.pone.0279986

PLOS ONE

Secondary teachers’ competencies and attitude: A mediated multigroup model

S2 Table. Raw database.
(CSV)

§3 Table. Results of the MICOM procedure.
(XLSX)

Author Contributions

Conceptualization: Fabiola Sanda Chiriacescu, Bogdan Chiriacescu, Cristina Miron, Ion Ovi-
diu Panisoara, Iuliana Mihaela Lazar.

Data curation: Fabiola Sanda Chiriacescu, Bogdan Chiriacescu, Alina Elena Grecu, Cristina
Miron, Ion Ovidiu Panisoara, Iuliana Mihaela Lazar.

Formal analysis: Fabiola Sanda Chiriacescu, Bogdan Chiriacescu, Alina Elena Grecu, Cristina
Miron, Ion Ovidiu Panisoara, Iuliana Mihaela Lazar.

Investigation: Fabiola Sanda Chiriacescu, Bogdan Chiriacescu, Alina Elena Grecu, Cristina
Miron, Ion Ovidiu Panisoara, Iuliana Mihaela Lazar.

Methodology: Fabiola Sanda Chiriacescu, Bogdan Chiriacescu, Alina Elena Grecu, Cristina
Miron, Ion Ovidiu Panisoara, Iuliana Mihaela Lazar.

Supervision: Fabiola Sanda Chiriacescu, Bogdan Chiriacescu, Alina Elena Grecu, Cristina
Miron, Ion Ovidiu Panisoara, Iuliana Mihaela Lazar.

Validation: Fabiola Sanda Chiriacescu, Bogdan Chiriacescu, Alina Elena Grecu, Cristina
Miron, Ion Ovidiu Panisoara, Iuliana Mihaela Lazar.

Writing - original draft: Fabiola Sanda Chiriacescu, Bogdan Chiriacescu, Alina Elena Grecu,
Cristina Miron, Ion Ovidiu Panisoara, Iuliana Mihaela Lazar.

Writing - review & editing: Fabiola Sanda Chiriacescu, Bogdan Chiriacescu, Alina Elena
Grecu, Cristina Miron, Ion Ovidiu Panisoara, Iuliana Mihaela Lazar.

References

1. John M, Bettye S, Ezra T, Robert W. A formative evaluation of a Southeast High School Integrative sci-
ence, technology, engineering, and mathematics (STEM) academy. Technology in Society. 2016;
45:34-9. https://doi.org/10.1016/j.techsoc.2016.02.001.

2. Watkins J, Mazur E. Retaining Students in Science, Technology, Engineering, and Mathematics
(STEM) Majors. Journal of College Science Teaching. 2013; 42(5):36—41.

3. Zizka L, McGunagle DM, Clark PJ. Sustainability in science, technology, engineering and mathematics
(STEM) programs: Authentic engagement through a community-based approach. Journal of Cleaner
Production. 2021; 279:123715. https://doi.org/10.1016/j.jclepro.2020.123715.

4. HeX,LiT, Turel O, Kuang Y, Zhao H, He Q. The Impact of STEM Education on Mathematical Devel-
opment in Children Aged 5-6 Years. International Journal of Educational Research. 2021;
109:101795. https://doi.org/10.1016/j.ijer.2021.101795.

5. Park W, Cho H. The interaction of history and STEM learning goals in teacher-developed curriculum
materials: opportunities and challenges for STEAM education. Asia Pacific Education Review. 2022;
23(3):457-74. https://doi.org/10.1007/s12564-022-09741-0

6. Tytler R, Williams G, Hobbs L, Anderson J. Challenges and Opportunities for a STEM Interdisciplinary
Agenda. In: Doig B, Williams J, Swanson D, Borromeo Ferri R, Drake P, editors. Interdisciplinary Math-
ematics Education: The State of the Art and Beyond. Cham: Springer International Publishing; 2019.
p.51-81.

7. Wang H-H, Charoenmuang M, Knobloch NA, Tormoehlen RL. Defining interdisciplinary collaboration
based on high school teachers’ beliefs and practices of STEM integration using a complex designed

PLOS ONE | https://doi.org/10.1371/journal.pone.0279986 January 26, 2023 24/32


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279986.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0279986.s003
https://doi.org/10.1016/j.techsoc.2016.02.001
https://doi.org/10.1016/j.jclepro.2020.123715
https://doi.org/10.1016/j.ijer.2021.101795
https://doi.org/10.1007/s12564-022-09741-0
https://doi.org/10.1371/journal.pone.0279986

PLOS ONE

Secondary teachers’ competencies and attitude: A mediated multigroup model

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

system. International Journal of STEM Education. 2020; 7(1):3. https://doi.org/10.1186/s40594-019-
0201-4

Marcus M, Haden CA, Uttal DH. Promoting children’s learning and transfer across informal science,
technology, engineering, and mathematics learning experiences. Journal of Experimental Child Psy-
chology. 2018; 175:80-95. https://doi.org/10.1016/j.jecp.2018.06.003 PMID: 30025257

Thibaut L, Knipprath H, Dehaene W, Depaepe F. The influence of teachers’ attitudes and school con-
text on instructional practices in integrated STEM education. Teaching and Teacher Education. 2018;
71:190-205. https://doi.org/10.1016/j.tate.2017.12.014.

Webb NM, Franke ML, Ing M, Wong J, Fernandez CH, Shin N, et al. Engaging with others’ mathemati-
cal ideas: Interrelationships among student participation, teachers’ instructional practices, and learn-
ing. International Journal of Educational Research. 2014; 63:79-93. https://doi.org/10.1016/j.ijer.2013.
02.001.

Bourke R, Loveridge J. Beyond the official language of learning: Teachers engaging with student voice
research. Teaching and Teacher Education. 2016; 57:59-66. https://doi.org/10.1016/j.tate.2016.03.008.

Weisberger M, Grinshtain Y, Blau I. How do technological changes in formal education shape the
social roles of teachers who are mothers? Teaching and Teacher Education. 2021; 103:103344.
https://doi.org/10.1016/j.tate.2021.103344.

Bruder R, Prescott A. Research evidence on the benefits of IBL. ZDM. 2013; 45(6):811-22. https://doi.
org/10.1007/s11858-013-0542-2

De Jong T, Van Joolingen WR. Scientific Discovery Learning with Computer Simulations of Concep-
tual Domains. Review of Educational Research. 1998; 68(2):179-201. https://doi.org/10.3102/
00346543068002179

Pedaste M, Sarapuu T. Developing an effective support system for inquiry learning in a Web-based
environment. Journal of Computer Assisted Learning. 2006; 22(1):47-62. https://doi.org/10.1111/j.
1365-2729.2006.00159.x.

Seneviratne K, Hamid J, Khatibi A, Azam SM, Sudasinghe S. Teachers’ Sense of Efficacy: A Chal-
lenge for Professional Development Toward Teaching Science as Inquiry. Science Education Interna-
tional. 2019; 30:274-83. https://doi.org/10.33828/sei.v30.i4.4

Silm G, Tiitsaar K, Pedaste M, Zacharia ZC, Papaevripidou M. Teachers’ Readiness to Use Inquiry-
Based Learning: An Investigation of Teachers’ Sense of Efficacy and Attitudes toward Inquiry-Based
Learning. Science Education International. 2017; 28(Special Issue no4):315-25.

Sailer M, Stadler M, Schultz-Pernice F, Franke U, Schéffmann C, Paniotova V, et al. Technology-
related teaching skills and attitudes: Validation of a scenario-based self-assessment instrument for
teachers. Computers in Human Behavior. 2021; 115:106625. https://doi.org/10.1016/j.chb.2020.
106625.

Farjon D, Smits A, Voogt J. Technology integration of pre-service teachers explained by attitudes and
beliefs, competency, access, and experience. Computers & Education. 2018;130. https://doi.org/10.
1016/j.compedu.2018.11.010

Knezek G, Christensen R. The Importance of Information Technology Attitudes and Competencies in
Primary and Secondary Education. In: Voogt J, Knezek G, editors. International Handbook of Informa-
tion Technology in Primary and Secondary Education. 20. Boston: Springer; 2008. p. 321-31.

Agyei D, Voogt J. Exploring the potential of the will, skill, tool model in Ghana: Predicting prospective
and practicing teachers’ use of technology. Computers & Education. 2011; 56:91—-100. https://doi.org/
10.1016/j.compedu.2010.08.017

Gawrycka M, Kujawska J, Tomczak MT. Self-assessment of competencies of students and graduates
participating in didactic projects—Case study. International Review of Economics Education. 2021;
36:100204. https://doi.org/10.1016/j.iree.2020.100204.

Teo T, Noyes J. An assessment of the influence of perceived enjoyment and attitude on the intention
to use technology among pre-service teachers: A structural equation modeling approach. Computers
& Education. 2011; 57(2):1645-53. https://doi.org/10.1016/j.compedu.2011.03.002.

Eksail FAA, Afari E. Factors affecting trainee teachers’ intention to use technology: A structural equa-
tion modeling approach. Education and Information Technologies. 2020; 25(4):2681-97. https://doi.
org/10.1007/s10639-019-10086-2

van der Graaf J, Segers E, de Jong T. Fostering integration of informational texts and virtual labs dur-
ing inquiry-based learning. Contemporary Educational Psychology. 2020; 62:101890. https://doi.org/
10.1016/j.cedpsych.2020.101890.

Zacharia Z. Beliefs, attitudes, and intentions of science teachers regarding the educational use of com-
puter simulations and inquiry-based experiments in physics. Journal of Research in Science Teaching.
2003; 40(8):792—-823. https://doi.org/10.1002/tea.10112.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279986 January 26, 2023 25/32


https://doi.org/10.1186/s40594-019-0201-4
https://doi.org/10.1186/s40594-019-0201-4
https://doi.org/10.1016/j.jecp.2018.06.003
http://www.ncbi.nlm.nih.gov/pubmed/30025257
https://doi.org/10.1016/j.tate.2017.12.014
https://doi.org/10.1016/j.ijer.2013.02.001
https://doi.org/10.1016/j.ijer.2013.02.001
https://doi.org/10.1016/j.tate.2016.03.008
https://doi.org/10.1016/j.tate.2021.103344
https://doi.org/10.1007/s11858-013-0542-2
https://doi.org/10.1007/s11858-013-0542-2
https://doi.org/10.3102/00346543068002179
https://doi.org/10.3102/00346543068002179
https://doi.org/10.1111/j.1365-2729.2006.00159.x
https://doi.org/10.1111/j.1365-2729.2006.00159.x
https://doi.org/10.33828/sei.v30.i4.4
https://doi.org/10.1016/j.chb.2020.106625
https://doi.org/10.1016/j.chb.2020.106625
https://doi.org/10.1016/j.compedu.2018.11.010
https://doi.org/10.1016/j.compedu.2018.11.010
https://doi.org/10.1016/j.compedu.2010.08.017
https://doi.org/10.1016/j.compedu.2010.08.017
https://doi.org/10.1016/j.iree.2020.100204
https://doi.org/10.1016/j.compedu.2011.03.002
https://doi.org/10.1007/s10639-019-10086-2
https://doi.org/10.1007/s10639-019-10086-2
https://doi.org/10.1016/j.cedpsych.2020.101890
https://doi.org/10.1016/j.cedpsych.2020.101890
https://doi.org/10.1002/tea.10112
https://doi.org/10.1371/journal.pone.0279986

PLOS ONE

Secondary teachers’ competencies and attitude: A mediated multigroup model

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

Newton XA, Tonelli EP. Building undergraduate STEM majors’ capacity for delivering inquiry-based
mathematics and science lessons: An exploratory evaluation study. Studies in Educational Evaluation.
2020; 64:100833. https://doi.org/10.1016/j.stueduc.2019.100833.

Park W, Wu J-Y, Erduran S. The Nature of STEM Disciplines in the Science Education Standards Doc-
uments from the USA, Korea and Taiwan. Science & Education. 2020; 29(4):899-927. https://doi.org/
10.1007/s11191-020-00139-1

Reinholz DL, Matz RL, Cole R, Apkarian N. STEM Is Not a Monolith: A Preliminary Analysis of Varia-
tions in STEM Disciplinary Cultures and Implications for Change. CBE Life Sci Educ. 2019; 18(4):mr4.
Epub 2019/11/09. https://doi.org/10.1187/cbe.19-02-0038 PMID: 31702951; PubMed Central PMCID:
PMC8727057.

Merrill C. The future of TE masters degrees: STEM. Paper presented at the meeting of the Internatio-
nalTechnology Education Association. Louisville, KY2009.

Brown R, Brown J, Reardon K, Merrill C. Understanding STEM: Current perceptions. Technology and
Engineering Teacher. 2011; 70(6):5-9.

Hwang G-J, Chiu L-Y, Chen C-H. A contextual game-based learning approach to improving students’
inquiry-based learning performance in social studies courses. Computers & Education. 2015; 81:13—
25. https://doi.org/10.1016/j.compedu.2014.09.006.

Yalgin V, Erden S. The Effect of STEM Activities Prepared According to the Design Thinking Model on
Preschool Children’s Creativity and Problem-Solving Skills. Thinking Skills and Creativity. 2021;
41:100864. https://doi.org/10.1016/j.tsc.2021.100864.

Panisoara IO, Lazar |, Panisoara G, Chirca R, Ursu AS. Motivation and Continuance Intention towards
Online Instruction among Teachers during the COVID-19 Pandemic: The Mediating Effect of Burnout
and Technostress. International Journal of Environmental Research and Public Health. 2020; 17
(21):8002. https://doi.org/10.3390/ijerph17218002 PMID: 33143180

Mugisha M, Uwitonze AM, Chesire F, Senyonga R, Oxman M, Nsangi A, et al. Teaching critical think-
ing about health using digital technology in lower secondary schools in Rwanda: A qualitative context
analysis. PLOS ONE. 2021; 16(3):e0248773. https://doi.org/10.1371/journal.pone.0248773 PMID:
33750971

Anderson J, English L, Fitzallen N, Symons D. The Contribution of Mathematics Education Research-
ers to the Current STEM Education Agenda. In: Way J, Attard C, Anderson J, Bobis J, McMaster H,
Cartwright K, editors. Research in Mathematics Education in Australasia 2016—2019. Singapore:
Springer; 2020. p. 27-57.

Alake-Tuenter E, Biemans HJA, Tobi H, Mulder M. Inquiry-based science teaching competence of pri-
mary school teachers: A Delphi study. Teaching and Teacher Education. 2013; 35:13-24.

Buric I, Kim LE. Teacher self-efficacy, instructional quality, and student motivational beliefs: An analy-
sis using multilevel structural equation modeling. Learning and Instruction. 2020; 66(101302).

Woore T, Mutton M, Molway L. “It’s definitely part of who | am in the role’. Developing teachers’
research engagement through a subject-specific Master’'s programme. Teacher Development. 2020;
24(1):88-107.

Davis F, Davis F. Perceived Usefulness, Perceived Ease of Use, and User Acceptance of Information
Technology. MIS Quarterly. 1989; 13:319. https://doi.org/10.2307/249008

Venkatesh V, Morris M, Davis G, Davis F. User Acceptance of Information Technology: Toward a Uni-
fied View. MIS Quarterly. 2003; 27:425-78. https://doi.org/10.2307/30036540

Blok M, Ingen EJV, de Boer A, Slootman MW. ICT as an instrument for social and emotional ageing. A
qualitative study with older adults with cognitive impairments. Tijdschrift voor gerontologie en geriatrie.
2020; 51(3):1—12. Epub 2020/09/21. https://doi.org/10.36613/tgg.1875-6832/2020.03.04 PMID:
32951396.

Davis F, Bagozzi R, Warshaw P. Extrinsic and Intrinsic Motivation to Use Computers in the Work-
place1. Journal of Applied Social Psychology. 2006; 22:1111-32. https://doi.org/10.1111/j.1559-1816.
1992.tb00945.x

Davis FD. User acceptance of information technology: system characteristics, user perceptions and
behavioral impacts. International Journal of Man-Machine Studies. 1993; 38(3):475-87. https://doi.
org/10.1006/imms.1993.1022.

Adams DA, Nelson RR, Todd PA. Perceived Usefulness, Ease of Use, and Usage of Information Tech-
nology: A Replication. MIS Quarterly. 1992; 16(2):227—-47. https://doi.org/10.2307/249577

Igbaria M, Schiffman SJ, Wieckowski TJ. The respective roles of perceived usefulness and perceived
fun in the acceptance of microcomputer technology. Behaviour & Information Technology. 1994; 13
(6):349-61. https://doi.org/10.1080/01449299408914616

PLOS ONE | https://doi.org/10.1371/journal.pone.0279986 January 26, 2023 26/32


https://doi.org/10.1016/j.stueduc.2019.100833
https://doi.org/10.1007/s11191-020-00139-1
https://doi.org/10.1007/s11191-020-00139-1
https://doi.org/10.1187/cbe.19-02-0038
http://www.ncbi.nlm.nih.gov/pubmed/31702951
https://doi.org/10.1016/j.compedu.2014.09.006
https://doi.org/10.1016/j.tsc.2021.100864
https://doi.org/10.3390/ijerph17218002
http://www.ncbi.nlm.nih.gov/pubmed/33143180
https://doi.org/10.1371/journal.pone.0248773
http://www.ncbi.nlm.nih.gov/pubmed/33750971
https://doi.org/10.2307/249008
https://doi.org/10.2307/30036540
https://doi.org/10.36613/tgg.1875-6832/2020.03.04
http://www.ncbi.nlm.nih.gov/pubmed/32951396
https://doi.org/10.1111/j.1559-1816.1992.tb00945.x
https://doi.org/10.1111/j.1559-1816.1992.tb00945.x
https://doi.org/10.1006/imms.1993.1022
https://doi.org/10.1006/imms.1993.1022
https://doi.org/10.2307/249577
https://doi.org/10.1080/01449299408914616
https://doi.org/10.1371/journal.pone.0279986

PLOS ONE

Secondary teachers’ competencies and attitude: A mediated multigroup model

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Huang Y. Empirical Analysis on Factors Impacting Mobile Learning Acceptance in Higher Engineering
Education [PhD thesis]: University of Tennessee; 2014.

Mutambara D, Bayaga A. Rural-based Science, Technology, Engineering and Mathematics teachers’
and learners’ acceptance of mobile learning. South African Journal of Information Management. 2020;
22:1-10.

Areepattamannil S, Caims D, Dickson M. Teacher-Directed Versus Inquiry-Based Science Instruction:
Investigating Links to Adolescent Students’ Science Dispositions Across 66 Countries Journal of Sci-
ence Teacher Education. 2020; 31(6):675-704.

Korur F, Vargas R, Serrano NT. Attitude toward Science Teaching of Spanish and Turkish In-service
Elementary Teachers: Multi-group Confirmatory Factor Analysis. Eurasia Journal of Mathematics, Sci-
ence and Technology Education. 2016; 12(2):303-20.

Lu J. Reciprocal Gain Spirals: The Relationship of Sleep Quality, Work Enjoyment, Cooperative Inter-
action, and Work Passion Among Teacher Leaders. The Asia-Pacific Education Researcher. 2019;
28:353-61.

Apkarian N, Henderson C, Stains M, Raker J, Johnson E, Dancy M. What really impacts the use of
active learning in undergraduate STEM education? Results from a national survey of chemistry, math-
ematics, and physics instructors. PLOS ONE. 2021; 16(2):e0247544. https://doi.org/10.1371/journal.
pone.0247544 PMID: 33630945

Chiriacescu B, Chiriacescu FS, Voinea S. Modelling of a vertical wind turbine in the virtual lab. Roma-
nian Reports in Physics 2021; 73(1):901.

Kim C, Kim D, Yuan J, Hill RB, Doshi P, Thai CN. Robotics to promote elementary education pre-ser-
vice teachers’ STEM engagement, learning, and teaching. Computers & Education. 2015; 91(14-31).

Aditomo A, Goodyear P, Bliuc A-M, Ellis R. Inquiry-based learning in higher education: Principal forms,
educational objectives, and disciplinary variations. Studies in Higher Education. 2011; 38:1-20.
https://doi.org/10.1080/03075079.2011.616584

Dorier J-L, Garcia FJ. Challenges and opportunities for the implementation of inquiry-based learning in
day-to-day teaching. ZDM. 2013; 45(6):837—49. https://doi.org/10.1007/s11858-013-0512-8

Pedaste M, Maeots M, Siiman LA, de Jong T, van Riesen SAN, Kamp ET, et al. Phases of inquiry-
based learning: Definitions and the inquiry cycle. Educational Research Review. 2015; 14:47-61.
https://doi.org/10.1016/j.edurev.2015.02.003.

Chiriacescu FS, Chiriacescu B, Miron C, Berlic C, Barna V. Dynamic study of torsion using tracker soft-
ware. Romanian Reports in Physics 2020; 72(3):904.

Keselman A. Supporting inquiry learning by promoting normative understanding of multivariable cau-
sality. Journal of Research in Science Teaching. 2003; 40(9):898-921. https://doi.org/10.1002/tea.
10115.

Pedaste M, Maeots M, Leijen A, Sarapuu T. Improving students’ inquiry skills through reflection and
self-regulation scaffolds. Technology, Instruction, Cognition and Learning. 2012; 9:81-95.

Chiriacescu FS, Chiriacescu B, Miron C, Berlic C, Barna V. Acoustic resonators—a method for online
study in determining the speed of sound in air. Romanian Reports in Physics. 2021; 73:Forthcoming.

Kalsoom Q, Khanam A. Inquiry into sustainability issues by preservice teachers: A pedagogy to
enhance sustainability consciousness. Journal of Cleaner Production. 2017; 164:1301-11.

Langbeheim E, Perl D, Yerushalmi E. Science Teachers’ Attitudes towards Computational Modeling in
the Context of an Inquiry-Based Learning Module. Journal of Science Education and Technology.
2020; 29:785-96. https://doi.org/10.1007/s10956-020-09855-3 PMID: 32863694

Voet M, De Wever B. Preparing pre-service history teachers for organizing inquiry-based learning:
The effects of an introductory training program. Teaching and Teacher Education. 2017; 63:206—17.

Mansour N. Science Teachers’ Views and Stereotypes of Religion, Scientists and Scientific Research:
A call for scientist—science teacher partnerships to promote inquiry-based learning. International Jour-
nal of Science Education. 2015; 37(11):1767-94.

Gholam A. Inquiry-Based Learning: Student Teachers’ Challenges and Perceptions. Journal of Inquiry
& Action in Education. 2019; 10(2):112-34.

Ramnarain U, Hlatswayo M. Teacher beliefs and attitudes about inquiry-based learning in a rural
school district in South Africa. South African Journal of Education. 2018; 38(1):1431.

Chiriacescu B, Chiriacescu FS, Miron C, Berlic C, Barna V. Arduino and Tracker video—didactic tools
for study of the Kater pendulum physical experiment. Romanian Reports in Physics 2020; 72(1):901.

Bettinger E. To Be or Not to Be: Major Choices in Budding Scientists. American Universities in a Global
Market: National Bureau of Economic Research, Inc; 2010. p. 69-98.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279986 January 26, 2023 27/32


https://doi.org/10.1371/journal.pone.0247544
https://doi.org/10.1371/journal.pone.0247544
http://www.ncbi.nlm.nih.gov/pubmed/33630945
https://doi.org/10.1080/03075079.2011.616584
https://doi.org/10.1007/s11858-013-0512-8
https://doi.org/10.1016/j.edurev.2015.02.003
https://doi.org/10.1002/tea.10115
https://doi.org/10.1002/tea.10115
https://doi.org/10.1007/s10956-020-09855-3
http://www.ncbi.nlm.nih.gov/pubmed/32863694
https://doi.org/10.1371/journal.pone.0279986

PLOS ONE

Secondary teachers’ competencies and attitude: A mediated multigroup model

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Krapp A, Prenzel M. Research on Interest in Science: Theories, methods, and findings. International
Journal of Science Education. 2011; 33(1):27-50. https://doi.org/10.1080/09500693.2010.518645

Aldahmash AH, Alamri NM, Aljallal MA. Saudi Arabian science and mathematics teachers’ attitudes
toward integrating STEM in teaching before and after participating in a professional development pro-
gram. Cogent Education. 2019; 6(1):1580852. https://doi.org/10.1080/2331186X.2019.1580852

Albarracin D, Sunderrajan A, Lohmann S, Chan M-PS, Jiang D. The Psychology of Attitudes, Motiva-
tion, and Persuasion. In: Albarracin D, Johnson B, editors. Handbook of Attitudes. New York: Rout-
ledge; 2018.

Pryor B, Pryor C, Kang R. Teachers thoughts on integrating STEM into social studies instruction:
Beliefs, attitudes, and behavioral decisions. The Journal of Social Studies Research. 2016; 40:123—
36.

Johnson IM, Siegel JT, Crano WD. Expanding the reach of vested interest in predicting attitude-consis-
tent behavior. Social Influence. 2014; 9(1):20-36. https://doi.org/10.1080/15534510.2012.738243

van Aalderen-Smeets Sl, Walma van der Molen JH, Asma LJF. Primary teachers’ attitudes toward sci-
ence: A new theoretical framework. Science Education. 2012; 96(1):158-82. https://doi.org/10.1002/
sce.20467.

Sjgberg S, Camilla S. How do learners in different cultures relate to science and technology? Asia-
Pacific Forum on Science Learning and Teaching. 2005; 6(2):1-17.

Glasman LR, Albarracin D. Forming attitudes that predict future behavior: a meta-analysis of the atti-
tude-behavior relation. Psychological bulletin. 2006; 132(5):778-822. https://doi.org/10.1037/0033-
2909.132.5.778 PMID: 16910754.

Osborne J, Simon S, Collins S. Attitudes towards Science: A Review of the Literature and its Implica-
tions. International Journal of Science Education. 2003; 25(9):1049-79. https://doi.org/10.1080/
0950069032000032199

Gardner PL. Students’ interests in science and technology: Gender, age and other factors. Interest
and learning Proceedings of the Seeon conference on interest and gender. Kiel: University of Kiel;
1996.

Serdyukov P. Innovation in education: what works, what doesn’t, and what to do about it? Journal of
Research in Innovative Teaching & Learning. 2017; 10(1):4-33. https://doi.org/10.1108/JRIT-10-
2016-0007

Thibaut L, Knipprath H, Dehaene W, Depaepe F. How school context and personal factors relate to
teachers’ attitudes toward teaching integrated STEM. International Journal of Technology and Design
Education. 2018; 28(3):631-51. https://doi.org/10.1007/s10798-017-9416-1

Wahono B, Chang C-Y. Assessing Teacher’s Attitude, Knowledge, and Application (AKA) on STEM:
An Effort to Foster the Sustainable Development of STEM Education. Sustainability. 2019; 11(4):950.
https://doi.org/10.3390/su11040950

Alum N, Sturgis P, Tabourazi D, Brunton-Smith I. Science knowledge and attitudes across cultures: a
meta-analysis. Public Understanding of Science. 2008; 17(1):35-54.

Affouneh S, Salha S, Burgos D, Khlaif ZN, Saifi AG, Mater N, et al. Factors that foster and deter STEM
professional development among teachers. Science Education. 2020; 104(5):857-72. https://doi.org/
10.1002/sce.21591.

Camburn EM, Han SW. Teachers’ professional learning experiences and their engagement in reflec-
tive practice: a replication study. School Effectiveness and School Improvement. 2017; 28(4):527-54.
https://doi.org/10.1080/09243453.2017.1302968

Al Salami M, Makela C, de Miranda PDM. Assessing changes in teachers’ attitudes toward interdisci-
plinary STEM teaching. International Journal of Technology and Design Education. 2017;27. https://
doi.org/10.1007/s10798-015-9341-0

Venkatesh V. Determinants of Perceived Ease of Use: Integrating Control, Intrinsic Motivation, and
Emotion into the Technology Acceptance Model. Information Systems Research. 2000; 11(4):342—65.

Bakker AB, van Woerkom M. Flow at Work: a Self-Determination Perspective. Occupational Health
Science. 2017; 1(1):47-65. https://doi.org/10.1007/s41542-017-0003-3

Wang L, Chiang F-K. Integrating novel engineering strategies into STEM education: APP design and
an assessment of engineering-related attitudes. British Journal of Educational Technology. 2020; 51
(6):1938-59. https://doi.org/10.1111/bjet.13031

Rodriguez-Ardura I, Meseguer-Artola A. Flow in e-learning: What drives it and why it matters. British
Journal of Educational Technology. 2017; 48(4):899-915. https://doi.org/10.1111/bjet.12480.

Soper DS. A-priori sample size calculator for multiple regression [Software]. 2015.

PLOS ONE | https://doi.org/10.1371/journal.pone.0279986 January 26, 2023 28/32


https://doi.org/10.1080/09500693.2010.518645
https://doi.org/10.1080/2331186X.2019.1580852
https://doi.org/10.1080/15534510.2012.738243
https://doi.org/10.1002/sce.20467
https://doi.org/10.1002/sce.20467
https://doi.org/10.1037/0033-2909.132.5.778
https://doi.org/10.1037/0033-2909.132.5.778
http://www.ncbi.nlm.nih.gov/pubmed/16910754
https://doi.org/10.1080/0950069032000032199
https://doi.org/10.1080/0950069032000032199
https://doi.org/10.1108/JRIT-10-2016-0007
https://doi.org/10.1108/JRIT-10-2016-0007
https://doi.org/10.1007/s10798-017-9416-1
https://doi.org/10.3390/su11040950
https://doi.org/10.1002/sce.21591
https://doi.org/10.1002/sce.21591
https://doi.org/10.1080/09243453.2017.1302968
https://doi.org/10.1007/s10798-015-9341-0
https://doi.org/10.1007/s10798-015-9341-0
https://doi.org/10.1007/s41542-017-0003-3
https://doi.org/10.1111/bjet.13031
https://doi.org/10.1111/bjet.12480
https://doi.org/10.1371/journal.pone.0279986

PLOS ONE

Secondary teachers’ competencies and attitude: A mediated multigroup model

92,

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

Koztowski A, Kaliszewski A, Dabrowski J, Klimek H. Virtual network sampling method using LinkedIn.
MethodsX. 2021; 8:101398. https://doi.org/10.1016/j.mex.2021.101393 PMID: 34430289

Baltar F, Brunet F, Ignasi. Social Research 2.0: Virtual Snowball Sampling Method Using Facebook.
Internet Research. 2012;22. https://doi.org/10.1108/10662241211199960

Shaghaghi A, Bhopal RS, Sheikh A. Approaches to Recruiting 'Hard-To-Reach’ Populations into Re-
search: A Review of the Literature. Health Promot Perspect. 2011; 1(2):86-94. https://doi.org/10.
5681/hpp.2011.009 PMID: 24688904.

Maison D, Jaworska D, Adamczyk D, Affeltowicz D. The challenges arising from the COVID-19 pan-
demic and the way people deal with them. A qualitative longitudinal study. PLOS ONE. 2021; 16(10):
€0258133. https://doi.org/10.1371/journal.pone.0258133 PMID: 34634054

Zhao'Y, Watterston J. The changes we need: Education post COVID-19. Journal of Educational
Change. 2021; 22(1):3-12. https://doi.org/10.1007/s10833-021-09417-3

Lockee BB. Online education in the post-COVID era. Nature Electronics. 2021; 4(1):5-6. https://doi.
0rg/10.1038/s41928-020-00534-0

Kirchherr J, Charles K. Enhancing the sample diversity of snowball samples: Recommendations from
a research project on anti-dam movements in Southeast Asia. PLOS ONE. 2018; 13(8):e0201710.
https://doi.org/10.1371/journal.pone.0201710 PMID: 30133457

Taherdoost H. Sampling Methods in Research Methodology; How to Choose a Sampling Technique
for Research. International Journal of Academic Research in Management (IJARM). 2016;5. PubMed
Central PMCID: PMChttps://hal.archives-ouvertes.fr/hal-02546796/document https://hal.archives-
ouvertes.fr/hal-02546796/file/Sampling%20Method%20in%20Research%20Methodology %3B%
20HoW%20t0%20Choose%20a%20Sampling%20Technique%20for%20Research.pdf.

Tyrer S, Heyman B. Sampling in epidemiological research: issues, hazards and pitfalls. BJPsych Bull.
2016; 40(2):57-60. https://doi.org/10.1192/pb.bp.114.050203 PMID: 27087985.

Galloway A. Non-Probability Sampling. In: Kempf-Leonard K, editor. Encyclopedia of Social Measure-
ment. New York: Elsevier; 2005. p. 859-64.

Ng KL, Buvanaswari P, Loh LWL, Chee CYI, Teng JY, Wang W, et al. A descriptive qualitative study
exploring the experiences of fathers with partners suffering from maternal perinatal depression. Mid-
wifery. 2021; 102:103075. https://doi.org/10.1016/j.midw.2021.103075 PMID: 34237515

Yao X, YulL, ShenY, Kang Z, Wang X. The role of self-efficacy in mediating between professional
identity and self-reported competence among nursing students in the internship period: A quantitative
study. Nurse education in practice. 2021; 57:103252. https://doi.org/10.1016/j.nepr.2021.103252
PMID: 34781196

Browne K. Snowball sampling: using social networks to research non-heterosexual women. Interna-
tional Journal of Social Research Methodology. 2005; 8(1):47—60. https://doi.org/10.1080/
1364557032000081663

Ellard-Gray A, Jeffrey NK, Choubak M, Crann SE. Finding the Hidden Participant: Solutions for
Recruiting Hidden, Hard-to-Reach, and Vulnerable Populations. International Journal of Qualitative
Methods. 2015; 14(5):1609406915621420. https://doi.org/10.1177/1609406915621420

Dosek T. Snowball Sampling and Facebook: How Social Media Can Help Access Hard-to-Reach Pop-
ulations. PS: Political Science & Politics. 2021; 54(4):651-5. Epub 05/18. https://doi.org/10.1017/
S$104909652100041X

Moseson H, Kumar S, Juusola JL. Comparison of study samples recruited with virtual versus tradi-
tional recruitment methods. Contemporary Clinical Trials Communications. 2020; 19:100590. https://
doi.org/10.1016/j.conctc.2020.100590 PMID: 32637722

Akbulut Y, Dénmez O, Dursun O0. Cyberloafing and social desirability bias among students and
employees. Computers in Human Behavior. 2017; 72:87-95. https://doi.org/10.1016/j.chb.2017.02.
043.

Avcioglu GS. Internet survey applications in social sciences: Response rate, data quality, sample
problems and solutions. International Journal of Human Science of The Total Environment. 2014; 11
(2):89-113.

Sugiura L, Wiles R, Pope C. Ethical challenges in online research: Public/private perceptions.
Research Ethics. 2017; 13(3—4):184-99. https://doi.org/10.1177/1747016116650720

Blimle A, Meerpohl JJ, Schumacher M, von EIm E. Fate of Clinical Research Studies after Ethical
Approval-Follow-Up of Study Protocols until Publication. PLOS ONE. 2014; 9(2):e87184. https://doi.
org/10.1371/journal.pone.0087184 PMID: 24586265

Hokke S, Hackworth NJ, Quin N, Bennetts SK, Win HY, Nicholson JM, et al. Ethical issues in using the
internet to engage participants in family and child research: A scoping review. PLOS ONE. 2018; 13
(9):€0204572. https://doi.org/10.1371/journal.pone.0204572 PMID: 30261041

PLOS ONE | https://doi.org/10.1371/journal.pone.0279986 January 26, 2023 29/32


https://doi.org/10.1016/j.mex.2021.101393
http://www.ncbi.nlm.nih.gov/pubmed/34430289
https://doi.org/10.1108/10662241211199960
https://doi.org/10.5681/hpp.2011.009
https://doi.org/10.5681/hpp.2011.009
http://www.ncbi.nlm.nih.gov/pubmed/24688904
https://doi.org/10.1371/journal.pone.0258133
http://www.ncbi.nlm.nih.gov/pubmed/34634054
https://doi.org/10.1007/s10833-021-09417-3
https://doi.org/10.1038/s41928-020-00534-0
https://doi.org/10.1038/s41928-020-00534-0
https://doi.org/10.1371/journal.pone.0201710
http://www.ncbi.nlm.nih.gov/pubmed/30133457
https://hal.archives-ouvertes.fr/hal-02546796/document
https://hal.archives-ouvertes.fr/hal-02546796/file/Sampling%20Method%20in%20Research%20Methodology%3B%20How%20to%20Choose%20a%20Sampling%20Technique%20for%20Research.pdf
https://hal.archives-ouvertes.fr/hal-02546796/file/Sampling%20Method%20in%20Research%20Methodology%3B%20How%20to%20Choose%20a%20Sampling%20Technique%20for%20Research.pdf
https://hal.archives-ouvertes.fr/hal-02546796/file/Sampling%20Method%20in%20Research%20Methodology%3B%20How%20to%20Choose%20a%20Sampling%20Technique%20for%20Research.pdf
https://doi.org/10.1192/pb.bp.114.050203
http://www.ncbi.nlm.nih.gov/pubmed/27087985
https://doi.org/10.1016/j.midw.2021.103075
http://www.ncbi.nlm.nih.gov/pubmed/34237515
https://doi.org/10.1016/j.nepr.2021.103252
http://www.ncbi.nlm.nih.gov/pubmed/34781196
https://doi.org/10.1080/1364557032000081663
https://doi.org/10.1080/1364557032000081663
https://doi.org/10.1177/1609406915621420
https://doi.org/10.1017/S104909652100041X
https://doi.org/10.1017/S104909652100041X
https://doi.org/10.1016/j.conctc.2020.100590
https://doi.org/10.1016/j.conctc.2020.100590
http://www.ncbi.nlm.nih.gov/pubmed/32637722
https://doi.org/10.1016/j.chb.2017.02.043
https://doi.org/10.1016/j.chb.2017.02.043
https://doi.org/10.1177/1747016116650720
https://doi.org/10.1371/journal.pone.0087184
https://doi.org/10.1371/journal.pone.0087184
http://www.ncbi.nlm.nih.gov/pubmed/24586265
https://doi.org/10.1371/journal.pone.0204572
http://www.ncbi.nlm.nih.gov/pubmed/30261041
https://doi.org/10.1371/journal.pone.0279986

PLOS ONE

Secondary teachers’ competencies and attitude: A mediated multigroup model

113.

114.

115.
116.

117.

118.

119.

120.

121.

122,

123.

124.

125.

126.

127.

128.
129.

130.

131.

132.

133.

134.
135.

136.

Vahidnia F, Ghonsooly B, Shahriari H. Development and validation of students’ attitudes towards
teacher’s pet phenomenon scale in the higher education setting: Differences by levels of study and
Grade-Point-Average. Studies in Educational Evaluation. 2021; 70:101000. https://doi.org/10.1016/j.
stueduc.2021.101000.

Lavrakas PJ. Encyclopedia of Survey Research Methods. Thousand Oaks, California: Sage Publica-
tions, Inc.; 2008 2022/02/02.

OECD. How is the global talent pool changing (2013, 2030)? OECD Publishing, 2015.

National Science Foundation. Revisiting the STEM Workforce, A Companion to Science and Engi-
neering Indicators 2014. National Science Foundation, 2015 Contract No.: NSB-2015-10.

Reinhold S, Holzberger D, Seidel T. Encouraging a career in science: a research review of secondary
schools’ effects on students’ STEM orientation. Studies in Science Education. 2018; 54(1):69—103.
https://doi.org/10.1080/03057267.2018.1442900

Hattie JAC. Visible learning. A synthesis of over 800 meta-analyses relating to achievement. London
and New York: Routledge; 2009.

Neber H, Thol NJ. Entdeckendes Lernen: Beltz-Studienbuch; 1973.

Chuang H-H, Weng C-Y, Huang F-C. A structure equation model among factors of teachers’ technol-
ogy integration practice and their TPCK. Computers & Education. 2015; 86:182-91. https://doi.org/10.
1016/j.compedu.2015.03.016.

Hong J-C, Tsai C-R, Hsiao H-S, Chen P-H, Chu K-C, Gu J, et al. The effect of the “Prediction-observa-
tion-quiz-explanation” inquiry-based e-learning model on flow experience in green energy learning.
Computers & Education. 2019; 133:127-38. https://doi.org/10.1016/j.compedu.2019.01.009.

Schwarzkopf D, Westermann |, Skupin H, Riedemann NC, Reinhart K, Pfeifer R, et al. A novel ques-
tionnaire to measure staff perception of end-of-life decision making in the intensive care unit—develop-
ment and psychometric testing. Journal of critical care. 2015; 30(1):187-95. Epub 2014/10/15. https://
doi.org/10.1016/j.jcrc.2014.09.015 PMID: 25311265.

Thompson B. Exploratory and confirmatory factor analysis: Understanding concepts and applications.
Washington, DC, US: American Psychological Association; 2004. 195 p.

Sabogal-Alfaro G, Mejia-Perdigdon MA, Cataldo A, Carvajal K. Determinants of the intention to use
non-medical insertable digital devices: The case of Chile and Colombia. Telematics and Informatics.
2021; 60:101576. https://doi.org/10.1016/j.tele.2021.101576.

Turel YK. An interactive whiteboard student survey: Development, validity and reliability. Computers &
Education. 2011; 57(4):2441-50. https://doi.org/10.1016/j.compedu.2011.07.005.

Piland SG, Motl RW, Ferrara MS, Peterson CL. Evidence for the Factorial and Construct Validity of a
Self-Report Concussion Symptoms Scale. J Athl Train. 2003; 38(2):104—12. PMID: 12937520.

Comrey AL, Lee HB. A first course in factor analysis, 2nd ed. Hillsdale, NJ, US: Lawrence Erlbaum
Associates, Inc; 1992.

Tabachnick BG, Fidell LS. Using Multivariate Statistics. 7th Edition ed: Pearson; 2019.

Osborne J, Costello AB. Sample size and subject to item ratio in principal components analysis. Prac
Assess Res Eval. 2004; 9(1):11.

Panisoara I-O, Chirca R, Lazar |. The effects of online teaching on students’ academic progress in
stem. Journal of Baltic Science Education. 2020; 19(6A):1106—-24.

Malureanu A, Panisoara G, Lazar |. The Relationship between Self-Confidence, Self-Efficacy, Grit,
Usefulness, and Ease of Use of eLearning Platforms in Corporate Training during the COVID-19 Pan-
demic. Sustainability. 2021; 13(12):6633. https://doi.org/10.3390/su13126633

Lazar IM, Panisoara G, Panisoara 1O. Digital technology adoption scale in the blended learning context
in higher education: Development, validation and testing of a specific tool. PLOS ONE. 2020; 15(7):
e0235957. https://doi.org/10.1371/journal.pone.0235957 PMID: 32649691

Hair J, Hollingsworth C, Randolph A, Chong A. An updated and expanded assessment of PLS-SEM in
information systems research. Industrial Management & Data Systems. 2017; 117:442-58. https://doi.
org/10.1108/IMDS-04-2016-0130

Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. ed: Routledge; 1988.

Khalig A, Waqgas A, Nisar QA, Haider S, Asghar Z. Application of Al and robotics in hospitality sector: A
resource gain and resource loss perspective. Technology in Society. 2022; 68:101807. https://doi.org/
10.1016/j.techsoc.2021.101807

Yarez-Araque B, Sanchez-Infante Hernandez JP, Gutiérrez-Broncano S, Jiménez-Estévez P. Corpo-
rate social responsibility in micro-, small- and medium-sized enterprises: Multigroup analysis of family
vs. nonfamily firms. Journal of Business Research. 2021; 124:581-92. https://doi.org/10.1016/j.
jbusres.2020.10.023

PLOS ONE | https://doi.org/10.1371/journal.pone.0279986 January 26, 2023 30/32


https://doi.org/10.1016/j.stueduc.2021.101000
https://doi.org/10.1016/j.stueduc.2021.101000
https://doi.org/10.1080/03057267.2018.1442900
https://doi.org/10.1016/j.compedu.2015.03.016
https://doi.org/10.1016/j.compedu.2015.03.016
https://doi.org/10.1016/j.compedu.2019.01.009
https://doi.org/10.1016/j.jcrc.2014.09.015
https://doi.org/10.1016/j.jcrc.2014.09.015
http://www.ncbi.nlm.nih.gov/pubmed/25311265
https://doi.org/10.1016/j.tele.2021.101576
https://doi.org/10.1016/j.compedu.2011.07.005
http://www.ncbi.nlm.nih.gov/pubmed/12937520
https://doi.org/10.3390/su13126633
https://doi.org/10.1371/journal.pone.0235957
http://www.ncbi.nlm.nih.gov/pubmed/32649691
https://doi.org/10.1108/IMDS-04-2016-0130
https://doi.org/10.1108/IMDS-04-2016-0130
https://doi.org/10.1016/j.techsoc.2021.101807
https://doi.org/10.1016/j.techsoc.2021.101807
https://doi.org/10.1016/j.jbusres.2020.10.023
https://doi.org/10.1016/j.jbusres.2020.10.023
https://doi.org/10.1371/journal.pone.0279986

PLOS ONE

Secondary teachers’ competencies and attitude: A mediated multigroup model

137.

138.

139.

140.

141.

142,

143.

144,

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

Statistics I. Intellectus Statistics. Online computer software 2021. Available from: https://analyze.
intellectusstatistics.com/.

Hair JF, Ringle CM, Sarstedt M. PLS-SEM: Indeed a Silver Bullet. Journal of Marketing Theory and
Practice. 2011; 19(2):139-52. https://doi.org/10.2753/MTP1069-6679190202

Haider S, Jabeen S, Ahmad J. Moderated Mediation between Work Life Balance and Employee Job
Performance: The Role of Psychological Wellbeing and Satisfaction with Coworkers. Revistade Psico-
logiadel Trabajoydelas Organizaciones. 2018; 34:29-37. https://doi.org/10.5093/jwop2018a4

Field A. Discovering statistics using IBM SPSS statistics:. North American edition. ed: Sage Publica-
tions; 2017.

Lazar |, Panisoara G, Panisoara 0. Adoption of digital storytelling tool in natural sciences and technol-
ogy education by pre-service teachers using the technology acceptance model. Journal of Baltic Sci-
ence Education. 2020; 19:429-53. https://doi.org/10.33225/jbse/20.19.429

Hair J, Hult GTM, Ringle C, Sarstedt M. A Primer on Partial Least Squares Structural Equation Model-
ing (PLS-SEM), 2nd edition: SAGE Publications, Inc; 2016.

Hair JS, Black WC, Babin BJ, Anderson RE, Tatham RL. Multivariate Data Analysis. New Jersey:
Prentice-Hall; 2006.

Henseler J, Ringle CM, Sarstedt M. A new criterion for assessing discriminant validity in variance-
based structural equation modeling. Journal of the Academy of Marketing Science. 2015; 43(1):115—
35. https://doi.org/10.1007/s11747-014-0403-8

Miltgen CL, Smith HJ. Exploring information privacy regulation, risks, trust, and behavior. Information
& Management. 2015; 52(6):741-59. https://doi.org/10.1016/j.im.2015.06.006.

Ruiz-Palomino P, Yafnez-Araque B, Jiménez-Estévez P, Gutiérrez-Broncano S. Can servant leader-
ship prevent hotel employee depression during the COVID-19 pandemic? A mediating and multigroup
analysis. Technological Forecasting and Social Change. 2022; 174:121192. https://doi.org/10.1016/j.
techfore.2021.121192 PMID: 34538969

Kelley TR, Knowles JG. A conceptual framework for integrated STEM education. International Journal
of STEM Education. 2016; 3(1):11. https://doi.org/10.1186/s40594-016-0046-z

Cheng L, Antonenko PD, Ritzhaupt AD, Dawson K, Miller D, MacFadden BJ, et al. Exploring the influ-
ence of teachers’ beliefs and 3D printing integrated STEM instruction on students’ STEM motivation.
Computers & Education. 2020; 158:103983. https://doi.org/10.1016/j.compedu.2020.103983.

Giamellaro M, Siegel DR. Coaching teachers to implement innovations in STEM. Teaching and
Teacher Education. 2018; 76:25-38. https://doi.org/10.1016/j.tate.2018.08.002.

Roehrig GH, Dare EA, Ring-Whalen E, Wieselmann JR. Understanding coherence and integration in
integrated STEM curriculum. International Journal of STEM Education. 2021; 8(1):2. https://doi.org/
10.1186/s40594-020-00259-8

English LD. STEM education K-12: perspectives on integration. International Journal of STEM Educa-
tion. 2016; 3(1):3. https://doi.org/10.1186/s40594-016-0036-1

Margot KC, Kettler T. Teachers’ perception of STEM integration and education: a systematic literature
review. International Journal of STEM Education. 2019; 6(1):2. https://doi.org/10.1186/s40594-018-
0151-2

Vossen TE, Henze |, Rippe RCA, Van Driel JH, De Vries MJ. Attitudes of Secondary School STEM
Teachers towards Supervising Research and Design Activities. Research in Science Education. 2021;
51(2):891-911. https://doi.org/10.1007/s11165-019-9840-1

Wu C-H, Liu C-H, Huang Y-M. The exploration of continuous learning intention in STEAM education
through attitude, motivation, and cognitive load. International Journal of STEM Education. 2022; 9
(1):35. https://doi.org/10.1186/s40594-022-00346-y

Santana-Monagas E, Nufiez JL, Loro JF, Huéscar E, Ledn J. Teachers’ engaging messages: The role
of perceived autonomy, competence and relatedness. Teaching and Teacher Education. 2022;
109:103556. https://doi.org/10.1016/j.tate.2021.103556

Drent M, Meelissen M. Which factors obstruct or stimulate teacher educators to use ICT innovatively?
Computers & Education. 2008; 51(1):187-99. https://doi.org/10.1016/j.compedu.2007.05.001.

Ertmer P, Ottenbreit-Leftwich A, Sadik O, Sendurur E, Sendurur P. Teacher beliefs and technology
integration practices: A critical relationship. Computers & Education. 2012; 59:423-35. https://doi.org/
10.1016/j.compedu.2012.02.001

Tondeur J, van Braak J, Guoyuan S, Voogt J, Fisser P, Ottenbreit-Leftwich A. Preparing pre-service
teachers to integrate technology in education: A synthesis of qualitative evidence. Computers & Edu-
cation. 2012; 59(1):134—44. https://doi.org/10.1016/j.compedu.2011.10.009

PLOS ONE | https://doi.org/10.1371/journal.pone.0279986 January 26, 2023 31/32


https://analyze.intellectusstatistics.com/
https://analyze.intellectusstatistics.com/
https://doi.org/10.2753/MTP1069-6679190202
https://doi.org/10.5093/jwop2018a4
https://doi.org/10.33225/jbse/20.19.429
https://doi.org/10.1007/s11747-014-0403-8
https://doi.org/10.1016/j.im.2015.06.006
https://doi.org/10.1016/j.techfore.2021.121192
https://doi.org/10.1016/j.techfore.2021.121192
http://www.ncbi.nlm.nih.gov/pubmed/34538969
https://doi.org/10.1186/s40594-016-0046-z
https://doi.org/10.1016/j.compedu.2020.103983
https://doi.org/10.1016/j.tate.2018.08.002
https://doi.org/10.1186/s40594-020-00259-8
https://doi.org/10.1186/s40594-020-00259-8
https://doi.org/10.1186/s40594-016-0036-1
https://doi.org/10.1186/s40594-018-0151-2
https://doi.org/10.1186/s40594-018-0151-2
https://doi.org/10.1007/s11165-019-9840-1
https://doi.org/10.1186/s40594-022-00346-y
https://doi.org/10.1016/j.tate.2021.103556
https://doi.org/10.1016/j.compedu.2007.05.001
https://doi.org/10.1016/j.compedu.2012.02.001
https://doi.org/10.1016/j.compedu.2012.02.001
https://doi.org/10.1016/j.compedu.2011.10.009
https://doi.org/10.1371/journal.pone.0279986

PLOS ONE

Secondary teachers’ competencies and attitude: A mediated multigroup model

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

Mei Kin T, Abdull Kareem O, Nordin MS, Khuan W. Principal change leadership competencies and
teacher attitudes toward change: the mediating effects of teacher change beliefs. International Journal
of Leadership in Education. 2017:1-20. https://doi.org/10.1080/13603124.2016.1272719

Hartwig SJ, Schwabe F. Teacher attitudes and motivation as mediators between teacher training, col-
laboration, and differentiated instruction Journal for educational research online. 2018; 10(1, S):100-
22. https://doi.org/10.25656/01:15415

Li W, Gao W, FuW, Chen Y. A Moderated Mediation Model of the Relationship Between Primary and
Secondary School Teachers’ Digital Competence and Online Teaching Behavior. Frontiers in Educa-
tion. 2021;6. https://doi.org/10.3389/feduc.2021.744950

Millar M, Tesser A. Effects of Affective and Cognitive Focus on the Attitude-Behavior Relation. Journal
of Personality and Social Psychology. 1986; 51:270-6. https://doi.org/10.1037/0022-3514.51.2.270

Pelaez-Fernandez MA, Mérida-Lopez S, Sanchez-Alvarez N, Extremera N. Managing Teachers’ Job
Attitudes: The Potential Benefits of Being a Happy and Emotional Intelligent Teacher. Frontiers in psy-
chology. 2021; 12:661151. Epub 2021/05/22. https://doi.org/10.3389/fpsyg.2021.661151 PMID:
34017291; PubMed Central PMCID: PMC8129540.

Song H, Zhou M. STEM Teachers’ Preparation, Teaching Beliefs, and Perceived Teaching Compe-
tence: a Multigroup Structural Equation Approach. Journal of Science Education and Technology.
2020; 2020:1-14. https://doi.org/10.1007/s10956-020-09881-1

Schmidt W, Houang R. Lack of focus in the mathematics curriculum: Symptom or cause? In: Loveless
T, editor. Lessons learned: What international assessments tell us about math achievement. Wash-
ington, DC: Brookings Press; 2007. p. 65-84.

Shanahan M-C, Nieswandt M. Science student role: Evidence of social structural norms specific to
school science. Journal of Research in Science Teaching. 2011; 48(4):367-95. https://doi.org/10.
1002/tea.20406.

Molway L. Measuring effective teaching: Student perceptions of their modern languages lessons in
England. System. 2021; 97:102440. https://doi.org/10.1016/j.system.2020.102440.

Pavlou V, Kambouri M. Pupils’ attitudes towards art teaching in primary school: an evaluation tool.
Studies in Educational Evaluation. 2007; 33(3):282—301. https://doi.org/10.1016/j.stueduc.2007.07.
005.

Huang S, Jiang Y, Yin H, Jong MS-y. Does ICT use matter? The relationships between students’ ICT
use, motivation, and science achievement in East Asia. Learning and Individual Differences. 2021;
86:101957. https://doi.org/10.1016/}.lindif.2020.101957.

Scherer R, Siddiq F, Teo T. Becoming more specific: Measuring and modeling teachers’ perceived
usefulness of ICT in the context of teaching and learning. Computers & Education. 2015; 88:202—14.
https://doi.org/10.1016/j.compedu.2015.05.005.

Hadjar A, Grecu A, Scharf J, de Moll F, Morinaj J, Hascher T. Changes in school alienation profiles
among secondary school students and the role of teaching style: Results from a longitudinal study in
Luxembourg and Switzerland. International Journal of Educational Research. 2021; 105:101697.
https://doi.org/10.1016/.ijer.2020.101697.

Barak M. Closing the Gap Between Attitudes and Perceptions About ICT-Enhanced Learning Among
Pre-service STEM Teachers. Journal of Science Education and Technology. 2014; 23(1):1-14.
https://doi.org/10.1007/s10956-013-9446-8

Kurt M, Benzer S. An Investigation on the Effect of STEM Practices on Sixth Grade Students’ Aca-
demic Achievement, Problem Solving Skills, and Attitudes towards STEM. Journal of Science Learn-
ing. 2020; 3:79-88. https://doi.org/10.17509/jsl.v3i2.21419

Singh V, Sharma SK. Analyzing the moderating effects of respondent type and experience on the fuel
efficiency improvement in air transport using structural equation modeling. European Transport
Research Review. 2016; 8(2):12. https://doi.org/10.1007/s12544-016-0199-3

Netemeyer R, Boles J, McMurrian R. Development and Validation of Work-Family and Family-Work
Conflict Scales. Journal of Applied Psychology. 1996; 81:400-10. https://doi.org/10.1037/0021-9010.
81.4.400

Voet M, De Wever B. Teachers’ Adoption of Inquiry-Based Learning Activities: The Importance of
Beliefs About Education, the Self, and the Context. Journal of Teacher Education. 2019; 70:423-40.
https://doi.org/10.1177/0022487117751399

Bager-Elsborg A. Discipline context shapes meaningful teaching: a case study of academic law. Jour-
nal of Further and Higher Education. 2017; 43:1-13. https://doi.org/10.1080/0309877X.2017.1377162

Markworth KA, Brobst J, Ohana C, Parker R. Elementary content specialization: models, affordances,
and constraints. International Journal of STEM Education. 2016; 3(1):16. https://doi.org/10.1186/
$40594-016-0049-9

PLOS ONE | https://doi.org/10.1371/journal.pone.0279986 January 26, 2023 32/32


https://doi.org/10.1080/13603124.2016.1272719
https://doi.org/10.25656/01:15415
https://doi.org/10.3389/feduc.2021.744950
https://doi.org/10.1037/0022-3514.51.2.270
https://doi.org/10.3389/fpsyg.2021.661151
http://www.ncbi.nlm.nih.gov/pubmed/34017291
https://doi.org/10.1007/s10956-020-09881-1
https://doi.org/10.1002/tea.20406
https://doi.org/10.1002/tea.20406
https://doi.org/10.1016/j.system.2020.102440
https://doi.org/10.1016/j.stueduc.2007.07.005
https://doi.org/10.1016/j.stueduc.2007.07.005
https://doi.org/10.1016/j.lindif.2020.101957
https://doi.org/10.1016/j.compedu.2015.05.005
https://doi.org/10.1016/j.ijer.2020.101697
https://doi.org/10.1007/s10956-013-9446-8
https://doi.org/10.17509/jsl.v3i2.21419
https://doi.org/10.1007/s12544-016-0199-3
https://doi.org/10.1037/0021-9010.81.4.400
https://doi.org/10.1037/0021-9010.81.4.400
https://doi.org/10.1177/0022487117751399
https://doi.org/10.1080/0309877X.2017.1377162
https://doi.org/10.1186/s40594-016-0049-9
https://doi.org/10.1186/s40594-016-0049-9
https://doi.org/10.1371/journal.pone.0279986

