IDIZ l\ / / Institut za drudtvena istraZivanja u Zagrebu
\ Institute for Social Research in Zagreb

Institute for Social Research in Zagreb Repository

This version of the article has been accepted for publication and is subject to Springer
Nature’s terms of use, but is not the Version of Record and does not reflect post-
acceptance improvements, or any corrections. The Version of Record is available
online at: https://doi.org/10.1007/s10212-025-00977-z.

Petrovi¢, D., Pedi¢ Dui¢, P., & Pavin Ivanec, T. (2025) Student-reported early-career
STEM teachers’ classroom management, emotional engagement, and students’
interest in subject: a multilevel analysis. European Journal of Psychology of
Education, 40, Article 73. https://doi.org/10.1007/s10212-025-00977-7



http://idiprints.knjiznica.idi.hr/
https://doi.org/10.1007/s10212-025-00977-z
https://doi.org/10.1007/s10212-025-00977-z

Student-reported early-career STEM teachers’ classroom management,
emotional engagement and students’ interest in subject: a multilevel analysis

Abstract:

The study examined the associations between perceived early-career teachers’ classroom
management, emotional engagement, and students’ interest in STEM subjects. A total of 918 lower-
secondary students rated classroom management and emotional engagement of their early-career
STEM teachers (N=56) and their interest in the subject. Data was analysed using doubly latent
multilevel modelling, exploring the mediation climate effect. As expected, in classes where the
teacher is perceived as more efficient in managing the class, the teacher is also perceived as more
emotionally engaged, whereas students in those classes experience higher interest in the subject.
Surprisingly, the direct effect of perceived classroom management was not significant, indicating that
the relationship between perceived teachers’ classroom management and class-level students’ interest
in the subject might be (fully) explained by perceived teachers’ emotional engagement. The results
highlight the importance of fostering self-efficacy and emotional engagement among early-career
teachers to support and enhance students' motivation in STEM subjects.

Keywords: early-career teachers; STEM; student interest; classroom management; teacher
engagement; multilevel analysis



1. Introduction

Numerous studies indicate the importance of teacher-related characteristics on students’ academic
outcomes, whereby these broad and complex constructs can be comprehended as an aggregate of
various specific aspects (Darling-Hammond, 2000; Hattie, 2008; Lazarides & Schiefele, 2021).
Within the context of teacher-related aspects, teachers’ motivational characteristics are often
emphasised as one of the key factors, and teachers’ self-efficacy, as one of the motivational
constructs, is often explored in relation to instructional practices and students’ outcomes (Klassen &
Tze, 2014; Lauermann & Berger, 2021; Perera & John, 2020). Moreover, various manifestations of
teachers’ emotions are also recognised as one of the determinants of instructional practices and
student outcomes (Buri¢ & Frenzel, 2020). However, these associations seem to be rather complex,
and the literature suggests the indirect association between teachers’ motivation and emotions and
students’ outcomes through instructional practices and quality (Buri¢ & Kim, 2020; Fauth et al., 2014;
Zee & Komen, 2016). According to Lazarides and Schiefele (2021), despite the expanding literature
on teacher motivational characteristics and their outcomes, further research is needed to clarify how
these motivational characteristics relate to specific teaching practices that may ultimately shape
students’ classroom experiences and learning, especially in different contexts. Hence, this study aims
to provide a more detailed understanding of the association between perceived early-career teachers’
classroom management and emotional engagement and its association with students’ interest in
STEM subjects. In addition, Buri¢ and Kim (2020) point out that many studies treat classroom-level
climate constructs as individual student-level constructs, which may confound the effects of
classroom-level variables. Therefore, this was considered in this study by encompassing multilevel
analysis.

1.1 Teachers’ efficacy for classroom management, teachers’ emotional engagement and
students’ interest in the subject

Teachers’ self-efficacy and emotional engagement represent the core aspects of teacher motivation
(Praetorius et al., 2017); hence, it is unsurprising that these constructs are the focus of numerous
studies. A teacher’s efficacy belief refers to a teacher’s judgement of his or her capability to
successfully achieve positive outcomes regarding students’ engagement and learning (Tschannen-
Moran & Woolfolk Hoy, 2001), and as such, represents an essential motivational construct since it is
generally linked with individual’s decision to engage in the activity (Praetorius et al., 2017). Further,
teachers’ sense of efficacy reflects on instructional practices, students’ perception of various aspects
of teaching quality, and student outcomes (Jerrim et al., 2023; Zee & Koomen, 2016). However,
relations between teacher self-efficacy and students’ academic outcomes, depending on the level of
analysis (student or class level), are not always consistent (Zee et al., 2018).

The association of teacher efficacy and instructional practices with student outcomes initially has been
predominantly linked to students’ academic achievement. However, there is a growing number of
studies addressing other student-related outcomes — from motivational ones to those related to
students’ well-being, emphasising good teacher-student relationships (Roorda et al., 2011; Chamizo-
Nieto et al., 2021; Zheng, 2022). Correspondingly, a substantial number of studies explore the role of
teacher self-efficacy with other teacher-related factors, whereby numerous previous findings imply
that teachers with a higher level of self-efficacy are more confident, more likely to overcome
difficulties and be persistent, believe that they can have a positive impact on student learning, foster
students’ academic confidence and create more supportive classroom climate (e.g. Fackler &
Malmberg, 2016; Fauth et al., 2019; Jerrim et al., 2023).

Since the construct of teacher self-efficacy has been of interest for more than four decades, it has
undergone various conceptualisations, and, according to literature, the most agreed dimensions of
teacher self-efficacy are instructional support, student engagement and classroom management
(Fackler et al., 2021; Kunter et al., 2007; Tschannen-Moran et al.; 1998), with the latter being in the



focus of this study. Efficacy for classroom management generally refers to the teacher’s ability to
organise the instructional process in a well-structured manner and manage student behaviour
effectively to ensure a smooth learning process and overcome potential difficulties (Lazarides et al.,
2020; Tschannen-Moran & Woolfolk Hoy, 2001). Since teachers’ beliefs reflect on teaching practices,
teachers with higher self-efficacy beliefs are more likely to manage the classroom effectively and
create a supportive learning environment characterised by quality student-teacher relationships, and,
accordingly, they are more likely to encourage students’ learning and interest (Fackler & Malmberg,
2016; Hettinger et al., 2023). Accordingly, students perceive that teachers who can control the
learning process, who successfully engage students in learning, and who develop caring and
supportive teacher-student relationships are those teachers who are, at the same time, effective in
classroom management (Egeberg & McConney, 2017).

Based on the literature, it can be concluded that effective classroom management, in terms of
students’ perception of the rules’ clarity and monitoring classroom interactions (if not performed in a
controlling way that leaves little room for autonomy), promotes students’ interest for the subject
(Kunter et al., 2007; Schiefele, 2017). Further, numerous studies also suggest the association between
classroom management and teachers’ emotions (Buri¢ et al., 2020; Valente et al., 2022). Teachers’
emotions encompass a broad spectrum of manifestations within the teaching profession, and the
literature suggests the importance of emotion regulation in the classroom in line with explicit or
implicit rules regarding their expression and intensity and expected manifestation (and maintenance)
of enthusiasm (Buri¢ & Frenzel, 2020). As previously mentioned, the emotions teachers display in the
classroom can foster various positive student outcomes, including their interest in the subject (Fauth et
al., 2019; Kunter et al., 2007), and teachers’ emotions, including emotional engagement and
enthusiasm, are of crucial relevance for providing supportive emotional climate.

Effective teaching, according to Klassen et al. (2013), depends on teachers who are fully engaged in
their work — cognitively, emotionally, and socially, and emotional engagement is the focus of the
present study. Emotionally engaged teachers are often described as enthusiastic since emotional
engagement is closely intertwined with teacher enthusiasm. Although emotional engagement is
measured as a distinct construct in the present study, it is conceptually treated as overlapping with
teacher enthusiasm. Specifically, in this study emotional engagement reflects a broader emotional
investment in teaching, including but not limited to subject-related enjoyment. Given this
conceptualization and their empirical proximity, findings on teacher enthusiasm are also used to
inform the theoretical framework and development of the study’s hypotheses. Both constructs include
an affective state that encompasses positive emotions (experience of excitement and enjoyment) and
intrinsic motivation (immersion in teaching), accompanied and displayed by corresponding
behavioural expressions (Buri¢ & Macuka, 2017; Keller et al., 2016; Keller et al., 2014; Kunter et al.,
2008; Kunter et al., 2011). According to Kim and Schallert (2014), these observable behavioural
expressions are crucial for the impact of teachers’ emotions on students’ outcomes. Hence, students’
perceptions of teachers as emotionally engaged and enthusiastic play an important role in exploring
these associations, especially considering that fostering caring and supportive relationships with
students is one of the essential characteristics of engaged and enthusiastic teachers. Emotionally
engaged teachers are more likely to be responsive to students’ needs and committed to educational
objectives (Buri¢ & Macuka, 2017; Klassen et al., 2013); similarly, enthusiastic teachers inspire and
motivate students, promote learning and positively affect students’ outcomes (Keller et al., 2016;
Kunter et al., 2013). Teachers’ emotional engagement and enthusiasm are often explored within
teacher motivation and emotions studies, and the results imply that they are influenced by and
influence both teacher and student characteristics (Praetorius et al., 2017). Previous findings imply
that enthusiasm displayed by the teacher is an important feature of effective and engaging teaching
(Kunter et al., 2011), and teachers’ emotions are, in general, intertwined with teacher self-efficacy.
Among other positive characteristics, teachers with a higher sense of efficacy also display higher



commitment and enthusiasm for teaching (Tschannen-Moran & Woolfolk Hoy, 2001). Further,
teachers’ enthusiasm is linked to classroom discipline and instructional quality (Kunter et al., 2013),
and engaged and enthusiastic teachers are more likely to elicit students’ enjoyment (Carmichael et al.,
2017; Frenzel et al., 2018) and foster students’ motivation (Ryan & Deci, 2000).

Studies focusing on interest as an essential motivational aspect of learning have demonstrated that
various factors relate to students’ interest in the subject, including teachers’ classroom management
and enthusiasm, constructs which are also the focus of the present study. For example, Lazarides et al.
(2023) and Kunter et al. (2007) obtained that student-perceived classroom management relates to
students’ interest in mathematics. Carmichael et al. (2017) obtained a positive association between
student-perceived teachers’ enthusiasm for teaching mathematics and students’ interest; however, at
the class level, this association was negative. Lazarides et al. (2018) reported on the buffering effect
of teachers’ enthusiasm on the decline in mathematics interest at the class level.

Given that students’ interest in subjects tends to decrease with advancing years of education,
especially in STEM subjects (Jacabs et al., 2002; Potvin & Hasni, 2014), which is an internationally
recognised phenomenon, it is crucial to investigate which teacher-related factors influence and shape
students’ subject interest. However, little is known about the mechanism of the association between
teachers’ classroom management and students’ interest. It is plausible that teachers’ efficacy
indirectly affects students’ interest through students' perception of teacher support (Oppermann &
Lazarides, 2021). Nevertheless, another possible precursor of this relationship, which has not been
given an extensive scientific outlook, are teachers’ emotions and emotional engagement (Wang,
2022). Teachers who possess confidence in their teaching abilities and can set clear classroom rules
are often more inclined to express enthusiasm, care, and encouragement toward students (Pajares,
1996; Buri¢ & Moe, 2020). Therefore, it is possible that teachers’ emotions could mediate the
relationship between classroom management and student interest.

1.2 The present study

Students’ academic interest is inherently important, as it positively correlates with academic
achievement, self-concept, and subsequent academic choices (Lazarides et al.., 2018; Marsh et al.,
2005). Previously presented results and recent literature on teacher motivation and emotion
demonstrate the complexity of the role of motivational and emotional constructs in students’ subject-
specific interests (Keller et al., 2014; Bardach & Klassen, 2021). Further, both self-efficacy and
teachers’ emotional engagement and enthusiasm, as crucial motivational aspects, are of key
importance for teachers and teaching (Kunter et al., 2011). In line with the observation by Lazarides
and Schiefele (2021), the focus of studies in this field is moving beyond whether these motivational
characteristics matter to the question of the underlying mechanisms and potential moderators of these
relations. Hence, the present study aims to obtain a more detailed insight into one of these specific
associations and contribute to the still relatively underrepresented body of studies that enable
inference on the climate effects at the class level.

More specifically, and in accordance with the general assumption on the indirect path of teachers’
efficacy and student outcomes via mediating variables (Lauermann & Berger, 2021), in this study, the
indirect pathway between perceived classroom management and lower-secondary school students’
interest in the STEM subjects via perceived teachers’ emotional engagement is explored. Since the
literature highlights the significance of students' perceptions in influencing motivational factors such
as their interest in the subject (Oppermann & Lazarides, 2021), this study focuses on examining these
perceptions. Additionally, this study’s aim is positioned within the context of early-career STEM
teachers. Namely, teachers’ efficacy for classroom management can be influenced by various teacher-
related and context-related factors (i.e. those at the school, class, or student level). Regarding teacher-
related factors, years of teaching experience play a crucial role in teachers’ professional competence
in general (Klassen & Chiu, 2010; Brandenburg et al., 2016). Early-career teachers worldwide have to



cope with many challenges for which they have not necessarily been fully prepared during their initial
teacher education. The practice (or reality) shock is most likely to occur in the first three years of
teaching (Casperson & Raaen, 2014), and, according to Admiraal et al. (2023), the decision to leave
the profession occurs within the first five years of teaching. One of the challenges that beginning
teachers encounter is certainly related to classroom management, i.e. creating an encouraging learning
environment, setting clear rules and routines, effective behaviour management and maintaining
discipline (Parsad et al., 2001; Meister & Melnick, 2003; Poznanski et al., 2018). Further, this
challenge might be even more enhanced for early-career STEM teachers due to the observed decline
in students’ interest in this area throughout schooling (Fraser et al., 2021) and the decline in perceived
teacher support (Lazarides et al., 2018). The severity of this scenario becomes even more prominent,
having in mind the issues regarding the attractiveness of the teaching profession and the teacher
shortage observed (and even more expected in coming years) in many EU countries, which seems to
be particularly worrying in STEM subjects (European Commission, 2023).

In exploring this particular aim, previously mentioned methodological concerns regarding the proper
level of analysis in similar studies have been addressed in this study by using class-level climate
constructs. Students’ perceptions of teachers’ classroom management and emotional engagement were
treated as aggregates of students’ ratings within each class the teacher taught. Conceptualising these
variables as reflective constructs with the reference point being a teacher (not a student) enhances the
validity of the study and is in line with the common guidelines on analysing and interpreting the
climate effects, especially important in an educational context (Morin et al., 2014).

This study is grounded in two complementary theoretical perspectives: the Job Demands-Resources
(JD-R) model (Bakker et al., 2003) and the theory of emotion transmission (Frenzel et al., 2018). These
frameworks offer insight into the mechanisms through which classroom management may influence
students’ interest in the subject via teachers’ emotional engagement.

The JD-R model proposes that every occupation involves job demands - aspects of the job that require
sustained effort and may lead to psychological costs (e.g., stress, exhaustion) - and job resources, which
support goal achievement, reduce demands, and promote motivation and development. According to
the JD-R model, job resources play a motivational role by fostering work engagement (Bakker et al.,
2007).

In the teaching context, classroom management efficacy can be conceptualised as a job resource.
Effectively managing student behaviour helps reduce one of the most prominent job demands for
teachers - disruptive classroom environments, which are consistently linked to teacher stress and
burnout (Hakanen et al., 2006). Teachers who feel confident in their ability to establish and maintain
order in the classroom tend to report lower levels of emotional exhaustion and depersonalization, and
higher levels of personal accomplishment (Aloe et al., 2014). A well-managed classroom thus enables
teachers to allocate their cognitive and emotional resources more effectively, facilitating deeper
engagement with teaching (Bakker et al., 2007). This emotional engagement represents a motivational
outcome within the JD-R model. When teachers experience supportive and structured environments,
they are more likely to be emotionally invested in their work (Buri¢ et al., 2020; Valente et al., 2022).

Complementary to this, the theory of emotion transmission (Frenzel et al., 2018) explains how teachers’
emotional expressions—particularly enthusiasm and enjoyment—are perceived by students and can
influence their own emotional and motivational responses. Emotions are socially contagious; thus,
students who perceive their teachers as emotionally engaged are more likely to experience greater
enjoyment and interest in the subject (Frenzel et al., 2010; 2018).

Based on these theoretical considerations and previous research, the positive effect of students’
perceptions of teacher classroom management on students’ perceptions of teachers’ emotional



engagement was expected (H1), as well as the positive effect of students’ perceptions of teachers’
emotional engagement on students’ interest (H2). We presumed that these effects would produce a
positive indirect effect. More precisely, we hypothesised that students’ perceptions of teachers’
emotional engagement would mediate the relationship between students’ perceptions of classroom
management and their interest in the subject (H3). The direct positive effect of perceived classroom
management on students’ interest in the subject was also expected (H4).

2. Method

2.1 Measures

Student-reported teacher classroom management was assessed by subscale from the adapted Teacher
self-efficacy scale used in TALIS (OECD, 2019). The research team adapted the subscale for student
reports of teachers’ classroom management efficacy. In adapting the subscale, the wording of the
introductory sentence was changed from “I believe I succeed in...” to “My teacher...”. Additionally,
the language of the items was simplified to ensure clarity for students, while preserving the original
meaning of each item. Students rated the extent to which they perceived their teacher was behaving in
a described way while teaching a specific subject. The subscale consisted of four items (e.g. Our
teacher calms a student who is disruptive or noisy), and the answers were given on a 4-point scale
from Not at all to A lot.

Student-reported teacher emotional engagement was assessed with the Emotional Engagement
subscale from the Engaged Teachers Scale (Klassen et al., 2013). The subscale was adapted for
students, who rated how frequently their teacher behaves or feels in a described way. In adapting the
subscale, the phrase “it seems our teacher” was added at the beginning of each item, while the rest of
the item content remained unchanged. The subscale consisted of four items (e.g. It seems our teacher
finds teaching fun), and answers were given on a 5-point frequency scale from Never to Always.

The Student-reported interest in mathematics scale (Lazarides et al., 2018) measured student-reported
interest in STEM subjects. The wording of the scale was adapted for ratings of interest in different
subjects (e.g. I am willing to sacrifice my leisure time for studying this subject). The scale consisted
of three items, and ratings were given on a 5-point Likert scale from Strongly disagree to Strongly
agree.

Descriptive statistics and internal reliability of scales are presented in Table 1.

2.2 Procedure

Prior to the main study, a pilot study was conducted to validate the adapted measures and evaluate the
most effective procedures for data collection. The pilot study involved 189 seventh-grade students
from 11 classes across five lower-secondary schools in the city of Zagreb. During the pilot study
students did not report difficulties in understanding the questionnaire items, nor did they accidentally
skip any questions. Confirmatory factor analysis confirmed validity of both teachers’ emotional
engagement subscale (CFI=.98, TLI=.95, SRMR=.02, RMSEA=.13) and teachers’ classroom
management (CFI=.99, TLI=.99, SRMR=.02, RMSEA=.05), and both subscales presented high
reliability, with Cronbach’s alpha .87 and .81, respectively.

Students completed a paper-pencil questionnaire during one of the regular school classes. During the
main study, one of the researchers was present in the classroom, guiding the procedure. The teacher
was not present in the classroom during the data collection to ensure confidentiality of students’



answers. The procedure was standardized across all classes. To ensure consistency across schools and
classes, standardized instructions were developed for all members of the research team. Each teacher
was rated by the students from only one class.

The procedure was in line with all ethical principles, including voluntary and anonymous participation
and informed consent (school principals, teachers, and students’ parents were all informed about the
research). The ethical approval for the study was obtained by the Ethical Committee of the (one of the
authors’ institutions) and with the consent of the Ministry of Science and Education of the Republic
of Croatia.

2.3 Participants

For the purposes of the present study, a random sample of public lower-secondary schools was
selected from a pool of 168 eligible schools located in the City of Zagreb and Zagreb County. Eligible
schools were those offering the regular national curriculum and not involved in prior pilot phases of
the project. Within each participating school, seventh-grade classes taught by early-career STEM
teachers (defined as having up to five years of teaching experience) were included. In cases where an
early-career teacher taught multiple seventh-grade classes, one class was randomly selected to
participate in the study. This approach was used to minimize potential bias by teachers in selecting a
preferred class for participation. All students in these classes were invited to participate, provided that
written informed parental consent was obtained. Since the focus of the study were early-career
teachers, no other exclusion or inclusion criteria were applied at the student level.

This study involved 918 lower-secondary students. All students were currently enrolled in the 7th
grade in lower-secondary school and were between 13 and 14 years old. The sample is balanced
regarding students’ gender, with 48.6% of male students. Together, the sample included students from
56 different classes and 39 different schools in Zagreb city and Zagreb county, Croatia. On average,
classes consisted of 16 students.

Students from each class estimated the characteristics of the same pre-targeted early-career teacher
teaching a STEM subject. There were 5 STEM subjects included: mathematics (36.7%), biology
(19%), physics (18.2%), informatics (14%), and chemistry (12.1%). All teachers had up to five years
of teaching experience with, on average, three years of teaching experience (M=35.6 months,
SD=19.5). More precisely, 27% of the teachers had up to two years of teaching experience, 23% had
two or three years, and the remaining 50% had four to five years of experience. Most teachers were
women (84.6%), as expected for the teaching profession.

2.4 Data analysis

With student reports nested within classes/teachers, we considered a hierarchical organisation of the
data in this study. Hence, we conducted a multilevel analysis, with students’ ratings of teacher
classroom management and emotional engagement, and students’ ratings of subject interest at Level 1
(L1), and class-aggregated student ratings of all constructs at Level 2 (L2). All constructs were
measured at L1, resulting in a 1-1-1 multilevel design (Preacher et al., 2010). Since different students
rated classroom management and emotional engagement of the same teacher, these constructs are
considered as reflective, while student interest is a formative construct (Marsh et al., 2012).

Specifically, the doubly latent multilevel SEM was applied, which integrates the traditional
CFAJ/SEM approaches to control for measurement error and the MLM approach to control for
sampling error (Marsh et al., 2009; Ludtke et al., 2011; Muthén & Asparouhov, 2012). This approach
examined how students' perception of teacher classroom management, beyond its direct effect,



indirectly influences their interest in the subject through their perception of teacher emotional
engagement. We focused on the impact of aggregated ratings of students' perceptions of teacher's
emotional engagement and classroom management on the class-average interest in the subject,
regarded as a climate effect. Since both predictors were reflective constructs, residual differences in
rating teachers’ classroom management and emotional engagement (L1 variance), after controlling for
the shared student agreement, are considered as the source of unreliability in the L2 climate constructs
(Marsh et al., 2009). Hence, the structural model included the aforementioned hypothesised relations
at L2, while the model was saturated at L1 (Figure 1).

The analysis was conducted in the Mplus Version 8.11 (Muthén & Muthén, 1998-2017) through a
series of steps. In the first step, the average agreement between students within the same class (ICC1)
of all variables and the reliability of the group average (ICC2) of reflective constructs was evaluated
(Raudenbush & Bryk, 2002). A value of ICC1 greater than 0.05 was deemed indicative of the
necessity for a multilevel analysis (Muthén & Satorra, 1995), and an ICC2 value exceeding 0.70 was
considered indicative of acceptable reliability of the group average (Klein et al., 2000). Additionally,
the descriptive statistics, reliability coefficients, and Pearson correlation coefficients between study
variables at both levels of analysis were calculated. In the second step, a series of multilevel
confirmatory factor analyses (MCFA) were conducted to test the construct validity of the instruments.
Finally, in the third step, we tested hypothesised climate effects. Parameters related to the mediation
effects were tested using Bayesian methods with 95 % credible intervals, following the
recommendation by Muthén and Asparouhov (2012). The maximum likelihood estimation with robust
standard errors (MLR) method, which corrects the standard errors of the parameter estimates and the
test of fit, was used (Rhemtulla et al., 2012). The model fit was determined acceptable based on the
criteria: CFl and TLI values surpassing 0.90 and RMSEA and SRMR values below 0.08 (Hu &
Bentler, 1999; Marsh et al., 2004).

The data was robust and reliable, with low levels of missing data (0.1 % for students’ perceptions of
teacher classroom management, 0.2 % for students’ perceptions of teacher emotional engagement, and
0.4 % for students’ interest in the subject). Little’s MCAR test (Little, 1981) showed that data was
missing completely at random (y%(139) = 157.862, p = .131), and missing data was handled using the
full-information maximum likelihood (FIML) method.

Fig.1 Hypothesised doubly latent multilevel SEM model
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Table 1 presents ICC1, ICC2 values, Pearson correlations among studied variables, descriptive
statistics, and Cronbach alpha coefficients for all scales used in this research. All ICC1 values
exceeded the cut-off values of 0.10. Hence, a significant proportion of the variability in the study
variables stems from variations among higher-level units (classes). ICC2 for both reflective constructs
of perceived teachers’ classroom management and emotional engagement was high, indicating that
students within the same classes agreed well in rating the examined teachers’ characteristics. Internal
reliability is high for perceived teachers’ emotional engagement and satisfactory for perceived
teachers’ classroom management and student interest in the subject. For the student interest scale, the
Cronbach’s alpha (0.64) was similar to that reported in previous research using the same three-item
measure (e.g., Lazarides et al., 2018, a. = 0.66). As the scale is very brief, consisting of only three
items, a lower alpha value is not unexpected, since shorter scales tend to yield lower reliability
estimates (Cortina, 1993). Nonetheless, values above 0.50 are generally considered acceptable for
brief, unidimensional measures (Carmines & Zeller, 1979). As expected, latent correlations between
tested constructs were positive and moderate at L1 and positive and high at L2.

[Insert Table 1 here]

A series of MCFAs was carried out to examine the latent structure of each scale used in the present
study. All parameters in measurement models of perceived teachers’ classroom management and
emotional engagement were freely estimated, whereas the measurement model of student interest in
the subject was tau-equivalent at L1 due to a lower number of indicators. These analyses
demonstrated satisfactory model fit for all scales, supporting their unidimensional structure (Table 2).
Moreover, factor loadings were in the acceptable range for all variables at L1 and almost all variables
at L2, except student interest in the subject with two-factor loadings lower than 0.20.

[Insert Table 2 here]

The structural model also demonstrated adequate fit: ¥2(84) = 347.11, p<.001, CF1 =.935, TLI = .915,
RMSEA =.058, SRMRW = 0.071, and SRMRB = 0.081. The hypothesised climate effects using
Bayes estimator are presented in Table 3. The effect of students’ perception of teacher classroom
management on students’ perception of teacher emotional engagement was positive and high, i.e.
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students from classes that evaluate their teachers as effective in managing the class also see them as
more emotionally engaged, supporting H1. Moreover, the effect of students’ perception of teacher
emotional engagement on their interest in the subject was also positive and high, indicating that
students in classes where teachers are perceived as more emotionally engaged tend to have a greater
interest in the subject, confirming H2. Finally, the indirect effect of students’ perceptions of teacher
classroom management on students’ interest through students’ perceptions of teacher emotional
engagement was positive, supporting H3.

This finding indicates that students from classes where teachers are perceived as good at managing the
class also see their teachers as more emotionally engaged, which is, in turn, associated with overall
greater interest in the subject among students in those classes. Contrary to H4, the direct effect of
students’ perceptions of teacher classroom management on students’ interest was not significant,
indicating that perceived teachers’ emotional engagement acts as a full mediator of this relationship
based on our data.

[Insert Table 3 here]

4. Discussion

This study aimed to shed more light on the relationship between perceived teachers’ efficacy and
emotions and students’ interest in the subject. More specifically, we tested whether students’
perception of teachers’ emotional engagement mediates the relationship between their perception of
teachers’ efficacy in classroom management and class interest in STEM subjects.

In line with our expectations, the findings revealed a significant mediation climate effect, indicating
that in classes where the teacher is perceived as more efficient in managing the class, the teacher is
also perceived as more emotionally engaged, and the students exhibit higher interest in the subject. In
other words, based on these results, teachers' emotional engagement is an intermediary factor that
explains how effective classroom management translates into increased student interest in STEM
subjects.

Teachers’ effective classroom management creates a structured and supportive learning environment,
resulting in decreased disruptive behaviour in the classroom (Oliver et al., 2011) and students’ higher
engagement in instructions (Gage et al., 2018). Given that cognition and emotions are neurologically
interrelated (Dolan, 2002), it is plausible that teachers who teach in such environments experience and
display more positive emotions and enjoyment while teaching and, thus, are more emotionally
engaged. Additionally, working in a positive environment might be considered a teacher’s job
resource, which is, according to the Job demands and resource theory (Bakker et al., 2023), a key
determinant of work engagement. Based on the theories of emotion transmission (Frenzel et al., 2009;
2018), teachers’ and students’ emotions are interlinked, whereas students show higher enjoyment
when perceiving teachers’ enthusiasm in teaching (Frenzel et al., 2018). Moreover, teachers’
enjoyment in teaching positively shapes student interest in the subject (Frenzel et al., 2010). This
mediation effect has not been tested in previous studies; however, it supports the results of similar
studies. For instance, Kunter et al. (2007) found that the positive relationship between classroom
management strategies and students’ interest may be explained by students’ experience of intrinsic
needs satisfaction, like feeling competent or challenged. Furthermore, Buri¢ (2019) showed that class-
perceived teacher enthusiasm predicts students’ intrinsic motivation, positive affect, and deep learning
strategies at the class level.

Surprisingly, despite a significant and positive bivariate correlation between perceived classroom
management and students’ interest in the subject at the class level, the direct effect of perceived
classroom management in the mediation model was non-significant. Previous studies that did not
encompass multilevel analyses showed that perceived classroom management is directly associated
with different student outcomes. Students who perceive their teachers as more efficient in classroom
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management have higher academic motivation for social sciences (Hung & Fan, 2014), greater
achievement in mathematics (Asare et al., 2024), and higher interest in learning English (Sagita,
2023). A study conducted on longitudinal data using a multilevel approach showed that perceived
teachers’ classroom management influences students’ interest in mathematics at the class level
(Lazarides et al., 2023). Buri¢ and Kim (2020) also found a positive relationship between perceived
teachers’ classroom management and class intrinsic motivation. However, potential mediators of this
association were not tested in either of the two studies mentioned above. Our results aid previous
studies, indicating that the relationship between perceived teachers’ classroom management and class-
level students’ interest in the subject might be (fully) explained by perceived teachers’ emotional
engagement.

These results have practical implications since they emphasise the relevance of teachers’ emotional
engagement in fostering students’ interest in STEM subjects. Given the internationally observed
teacher shortage, particularly in STEM (European Commission, 2023; Feder, 2022), coupled with the
decrease in students' interest in STEM subjects as they progress through schooling (Jacobs et al.,
2002), positioning this study in the context of early-career STEM teachers is one of its key
contributions. In the early years of teaching, teachers experience reality shock and a decline in self-
efficacy, which is still developing at this career stage (Woolfolk Hoy & Spero, 2005). Lazarides et al.
(2020) found that teachers’ self-efficacy for classroom management was related to class-level
teachers’ perception of classroom management, particularly during early career, while Lazarides et al.
(2023) found that it was related to class-level students’ perception of classroom management. These
results indicate that teachers’ self-efficacy plays an important role in actual classroom management
perceived by themselves and their students. Hence, the results of the present study support previous
results emphasising the importance of encouraging teachers’ self-efficacy (Elliott, 2010), especially at
the beginning of the career, indicating that it might be an important determinant of teachers’
emotional engagement and indirectly of students’ interest in the subject. Following the Job demands
and resources theory (Bakker et al., 2023), teachers’ self-efficacy in classroom management seems to
be an important personal resource, and our results imply that perceived teachers’ efficacy in
classroom management can be seen as a job resource, supporting teachers’ emotional engagement.

5. Study limitations and conclusion

This study helps in understanding the relationship between perceived early-career teachers’ classroom
management and emotional engagement and students’ interest in STEM subjects by overpassing
methodological limitations in previous research regarding the level of analysis. However, these results
should be interpreted cautiously due to several limitations. First, this study was cross-sectional, which
did not allow for drawing causal conclusions of the tested effects. It is also possible that teachers who
perceive that students in their class have a higher interest in the subject might experience higher
emotional engagement. Incorporating longitudinal design would be of key importance to better
understand these complex relations. We have also found positive and moderate correlations between
residual L1 climate ratings and L1 student interest, which might reflect systematic method effects
(Marsh et al., 2012; Morin et al., 2014). These correlations suggest that students who are more
interested in the subject also rated their teachers more favourably and vice versa. Furthermore, only
56 clusters (classes) were included in the analysis, which might have attenuated the reliability of
measures at L2. This limited number of Level 2 units was primarily a result of the characteristics of
the target population: relatively few early-career teachers are present in Croatian schools, and, based
on information collected during the study, an average of only two early-career teachers per school was
estimated. Accordingly, the available pool of eligible classes remained small. As a consequence, the
inclusion and examination of class- and teacher-level covariates (e.g., teacher demographics, school
contextual factors) as potential confounding variables was restricted. Although the sample exceeded
the commonly recommended minimum threshold for basic ML-SEM models (Maas & Hox, 2005;
Gonzéalez-Roma & Herndndez, 2023), it was not sufficiently large to support the stable estimation of
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more complex models involving multiple Level 2 predictors. It is therefore suggested that future
research should aim to include larger samples, which would allow for a more comprehensive
examination of potential covariates and confounding influences.

Finally, the relationships were tested for five different STEM subjects simultaneously; however, it
would be interesting to have a more nuanced approach and test if these relationships differ between
the STEM subjects. In further studies, the role of class size as a potential moderator of the explored
association could be accounted for. Namely, concerns regarding the challenges that early-career
teachers in many countries face might be especially emphasised for those who teach in larger classes,
which can be one of the contextual factors that can increase teacher stress (Kunter et al., 2011). Larger
classes can be more demanding in terms of achieving effective classroom management and student
engagement, which is, in the literature, more associated with smaller class sizes (Finn et al., 2003).

Despite the aforementioned limitations, this study contributes conceptually and methodologically to a
deeper understanding of complexly intertwined motivational constructs. Specifically, this study is one
of the few to incorporate a doubly latent model, which controls for both measurement and sampling
error, thereby yielding more reliable and unbiased results (Marsh et al., 2009; Ludtke et al., 2011,
Muthén & Asparouhov, 2012). Practical implications of obtained results primarily refer to the
relevance of fostering teachers’ self-efficacy for classroom management at an early stage of their
career since we identified plausible ways in which teachers’ self-efficacy may affect teachers’
emotional engagement and students’ interest in the subject. However, to obtain further insight into
these effects, additional studies on diverse samples of teachers and longitudinal study designs would
be a valuable contribution that could shed more light on the obtained associations.
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Table 1

Pearson correlation matrix between studied variables, descriptive statistics, ICC1, ICC2 and internal reliability of tested constructs

Variable name M SD ICC1 ICC2 1 2 3
1 Perceived teachers’ classroom management 3.21 0.707 0.28 0.86 (.78) .696*** .803***
2 Perceived teachers’ emotional engagement 3.85 1.117 0.41 0.92 .550*** (.93) 9847+
3 Student interest in subject 3.63 0.933 0.12 - .383*** B72%** (.64)

*p<.05, **p<.01, **p<.001; Cronbach’s o are presented in parentheses in the main diagonal; correlations between Level 2 variables are presented above
the diagonal; correlations between Level 1 variables are presented below the diagonal.
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Table 2

Model-fit information for multilevel confirmatory factor analysis of the tested constructs

Variable name x2 (df) CFl TLI RMSEA SRMRw SRMRg Aw B
(min-max) (min-max)
Perceived teachers’ classroom 12.399** A12%**. 317x**-
management @) 0.988 0.96 0.048 0.023 0.011 613%* 206+
Perceived teachers’ emotional 760***- 681 ***-
engagement 8.846 (4) 0.997 0.99 0.036 0.013 0.003 g7 7 7Q7x
**k -
Student interest in subject 12'%27)3 0.97 0.91 0.074 0.039 0.057 bogeee LT

*p <.05, ** p <.01, *** p <.001; subscript w indicates within level of analysis (L1), subscript b indicates between level of analysis (L2); Student interest in

the subject at within level was tau-equivalent, hence there is only one-factor loading.
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Table 3

Results of the tested direct and indirect climate effects of students’ perceived teacher classroom management and emotional engagement on

student interest in the subject

Directional path Estimate SE 95 % confidence interval

Perce!ved teachersl cIassr.oom management - 695%* 012 [0.482 - 0.819]
Perceived teachers' emotional engagement

Perceived teachers' emotional engagement-> .
Student interest in subject 791 0.126 [0.528 - 1.027]

Percelve'd teache.rs cIa.ssroom management - 245 0147 [-0.064 - 0.526]
Student interest in subject

Perceived teachers' classroom management -
Perceived teachers' emotional engagement > 2.974** 2.568 [0.833 - 10.318]
Student interest in subject

**p <.01, *** p <.001; Estimates of direct effects are standardised, estimate of indirect effect is unstandardized.
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