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Structured Abstract (300 words)
Background: Despite the prevalence of emotions and their regulation as part of academic learning, they tend to be considered part of social-emotional learning. However, when recognized as inseparable from academic learning, emotion regulation may facilitate learning when incorporated into the learning task. A teacher professional development training was designed to enhance teacher understanding of emotions and their regulation as part of the desire to empower teachers to incorporate components that teach self-regulation of learning (SRL) into their teacher-led instructional design. The program was a Ministry of Education approved professional development course that provided in-service teachers with credit towards mandatory professional development training. 
Aims: Our target was to improve high-school students’ SRL by providing teachers with instructional designs that empower their students’ emotional understanding and regulation into their studies. To this end, the content of the teacher professional development program focused on a knowledge component of metaprocesses (metacognition, metaemotion and metabehavior) and strategy use (cognitive, emotion, behavior SRL).
Sample: 530 high-school students (54% female, Mage = 16.10, SD = 0.86) of participating teachers were compared with a control group of 530 students (49% female, Mage =  16.27, SD = 0.86).
Methods: Self-report measures were collected before (T1) the teachers began the professional development program and after (T2) components were incorporated into their teaching. Structural equation modeling was used to estimate latent change score analysis accounting for the nested structure of the data. 

Results: Findings show that students of teachers who participated in the program reported increased metaemotion and metabehavior at T2, while no change was evident in the control group. Additionally, only the control group reported decreased levels of attention SRL strategies and emotion suppression SRL strategies at T2. 
Conclusions: Findings support the efficacy of transferring knowledge and strategies related to emotions and their regulation to students through their teachers.
The Design, Implementation, and Evaluation of Teacher Professional Development Program for Improving Teacher and Student Emotion Regulation in Educational Contexts

Up until recently (Ben-Eliyahu, 2024; Ben-Eliyahu & Linnenbrink-Garcia, 2013, 2015), self-regulated learning was focused mainly on the planning, executing, monitoring, and adjusting of cognitions and behaviors (Pintrich, 2000; Winne & Hadwin, 1998; Zimmerman, 2006). However, it is fairly clear that within an achievement setting emotions and their regulation play a role, at times even determining achievement success (Harley et al., 2019; Pekrun, 2006; Zeidner, 1991). It therefore becomes critical to consider emotions as part of the intellectual academic process and not just as a social-emotional construct (Ben-Eliyahu, 2019). In the current intervention we taught teachers how to instruct in ways that incorporated emotion regulation as part of the learning situation. The intervention was focused on teachers providing instruction on self-regulated learning, thereby highlighting teachers' reactions and their capacity to provide students with supports for learning through nuanced teacher-student dynamics. This built teachers’ feeling of competence and expectancy to succeed which play an important role in the value teachers attribute to their teaching (Eccles & Wigfield, 2002). To this end, the intervention enhanced teacher knowledge of learning strategies, termed metaprocesses, alongside providing tools and worksheets to enhance their self-efficacy in providing students with guidance on learning strategies.
One of the challenges in implementing teacher-led interventions is that many times, teachers are overwhelmed with their work duties and are not available to become experts in complex phenomena during the school year. This challenges academics to develop evidence-based interventions that simplify complex theory, such as self-regulated learning (SRL: Dignath & Büttner, 2008), and embed it into the classroom (Darling-Hammond et al., 2017). Our goal was to emphasize academic-emotional learning from a self-regulated learning (SRL) perspective and provide teachers with practical tools to enhance their student-teacher interactions through verbal communication. In this way we differentiated what has been termed as the teacher in self-regulated learner role from that of the self-regulated teacher as an instructor role (Kramarski & Kohen, 2017) and focused on the ways that teachers may incorporate instruction on self-regulation into their classrooms even if they are not necessarily self-regulated learners themselves. SRL refers to loosely sequenced components of task engagement that includes setting goals, enacting towards their achievement, monitoring progress, and adjusting based on these evaluations (Pintrich, 2004; Winne & Hadwin, 1998; Zimmerman & Schunk, 2011). Cognitive goals that are behaviorally enacted have been the main focus of SRL models, though emotions and their regulation have begun to be incorporated into achievement settings (Ben-Eliyahu & Linnenbrink-Garcia, 2013; Efklides, 2011). We drew on the integrated SRL framework (iSRL; Ben-Eliyahu & Bernacki, 2015; Ben-Eliyahu & Linnenbrink-Garcia, 2015) to define and apply learning strategies. We differentiated specific on-task strategies from the knowledge one has about how to reach their intended goals. Whereas SRL strategies are action tendencies to shape outcomes such as planning-behavioral SRL, attention-cognitive SRL and reappraisal-emotion SRL and suppression-emotion SRL, metaprocesses are broader understanding of how to choose and shape strategy use as determined by one’s knowledge about learning (Ben-Eliyahu et al., 2024).
We use the conceptualization of metaprocesses to consider knowledge about learning including emotion regulation. Metaprocesses is a general term that refers to one’s knowledge about how to shape a range of outcomes, such as emotional experiences, memory or behaviors (Ben-Eliyahu, 2019; Ben-Eliyahu et al., 2024). The work on metaprocesses initially focused on knowledge about knowing or cognitions, identified as metacognition (Flavel, 1979). Metacognitive knowledge refers to having a broad understanding and identification of cognitions and cognitive strategies, such as the knowledge that saying a letter name aloud will help encode it into memory and improve letter recognition. In general, metacognition has been found to substantially impact academic achievement (Dent & Koenka, 2016). Building on this work concerning metacognition, knowledge about internal processes has been expanded to include emotions (termed metaemotion) and behaviors (termed metabehavior; Ben-Eliyahu, 2019; Ben-Eliyahu et al., 2024). Metaemotion refers to knowledge and understanding of how to influence emotions by using a range of strategies. For example, when one wants to feel better about a learning outcome, they may use reappraisal-emotion SRL to think about the situation in a positive light, or they may suppress their emotional response. Metabehavior refers to knowledge and understanding of how to influence behaviors by using a range of strategies. For example, changing one's location from the living room to one's own desk to enhance learning.
Teacher-led Dynamics

Within classrooms, teachers are the main authority figures. To this end, teachers have a powerful position in which they may determine the dynamics between themselves and their students as well as the conversation that occurs between the students. Models of teacher SRL have considered a dual approach to teaching whereby the teacher is considered both an agent of SRL (teacher as instructor) as well as having their own SRL (Kraminski & Kohen, 2017). Our goal was to override individual idiosyncrasies and create a teacher intervention that provides practices for enhancing student self-regulation from a holistic perspective that incorporates emotion regulation as an integral part of learning. To consider student-teacher dynamics from a regulation perspective, we created a synergy between developmental perspectives and learning frameworks to distinguish two forms of interactions: other-regulation and co-regulation (Hadwin & Oshige, 2011; Sameroff, 2010). More specifically, we differentiated between a conversation in which the teacher instructs the student on what to do versus a situation in which the teacher elicits strategies and knowledge regarding their learning from the student. The former – the direct instruction - is referred to as other-regulation, because in this dynamic the teacher is an external other that directs the student by specific instructions such as “first go through the materials, then make a list, then schedule them as part of your homework” (Bindman et al., 2013; Bronson, 2000; Kopp, 1982; Sameroff, 2010). In contrast, the eliciting of strategies and knowledge is considered co-regulation because there is a back and forth dynamic that results in manifestation of regulation through the students’ reasoning (Hadwin & Oshige, 2011; McCaslin, 2009; McCaslin & Vriesema, 2018; Vygotsky, 1978). When using co-regulation prompts, the teacher may ask questions such as “what needs to be done first so that you can evaluate the scope of the materials?”, or “how can you keep track of what was completed and what remains?”. Such prompts elicit from the student their own knowledge and enhance the strategies that are enacted. Other-regulation and co-regulation are forms of external regulation. These forms of external regulation enable the teacher to scaffold the student to internalize their regulation capacities in learning. As such, this model of external regulation is called the regulation internalization model – RIM (Sarfaty et al., under review).

Students who have knowledge about their own learning are able to manifest it in the form of self-regulated learning strategies and learning achievements (Dent & Koenka, 2016). To date most of the inquiry regarding knowledge about learning has been about cognitions, such as metacognition and cognitive processing and strategy use. There has been a recent surge in interventions that enhance behavioral-cognitive strategies, such as the Science of Learning to Learn (SoL2L; Colligiano et al., 2022). However, these interventions do not directly or indirectly incorporate emotions and their regulation, despite work showing that academic-emotional learning is critical alongside cognitive learning (Ben-Eliyahu, 2019). In fact, metacognition, has been studied for over four decades (Flavell, 1979) whereas metaemotion has only recently become a focus of inquiry. This line of work is fairly developed and interventions aimed at enhancing metacognition also shape the SRL cognitive strategies that students use when performing learning tasks (Azevedo et al., 2022; Bernacki et al., 2020). A new construct of metabehavior shows promise that knowledge about behaviors enhances the use of self-regulated behaviors and cognitive strategies. This makes sense as in learning, behaviors are used as indicators of cognitive internalization. The novelty in our work was the incorporation of metaemotion as shaping emotion SRL and therefore also critical for academic learning (Ben-Eliyahu et al., 2024). To this end, we challenged teachers to articulate their emotional goals for learning, creating a tripartide approach to learning that considers emotions, cognitions and behaviors. 

 
Research demonstrates that SRL skills can be effectively fostered in students through both traditional and online learning environments. While some students naturally develop these skills, others require targeted support. Teacher-led interventions have shown promise in enhancing students' SRL abilities, particularly when teachers receive adequate training and support. For example, Dignath and Büttner (2018) found that teachers who received comprehensive training were more effective in promoting SRL in their classrooms. These interventions typically involved teachers guiding students through metacognitive strategies, providing opportunities for autonomous learning, and offering consistent feedback. Perry et al. (2002) observed that when teachers created classroom environments with complex tasks, student choice, and self-evaluation opportunities, students demonstrated increased self-management and independent learning skills. Teachers' own SRL skills and self-efficacy for promoting SRL were positively associated with students' perceived promotion of metacognition in the classroom (Karlen et al., 2023). Teacher-led programs offer potential for long-term integration of SRL principles into everyday classroom practices, thereby supporting sustained improvement in students' self-regulatory abilities. 

The current work builds on these findings to explore how academic emotional learning may be incorporated into teacher-led SRL intervention to affect student learning. This study aims to investigate how teachers' SRL-focused interventions impact students' metaprocesses, SRL strategies, and academic achievement all of which include emotions. 
Current Study

The aim of the current work was to enhance student learning by providing teachers with practical tools to implement as part of their teaching. We reasoned that through direct one-on-one and teacher-to-classroom interactions, incorporating language that promotes self-reflection, monitoring and adjustment, teachers may enhance their students’ emotions and their regulation. Interventions on learning tend to focus on cognitive-behavioral aspects. In contrast to prior work on self-regulation interventions, we incorporated emotion regulation as part of the SRL framework. In this way, our intervention was focused on emphasizing emotions as part of learning and enhancing self-regulated cognitions, behaviors and emotions by elucidating to teachers how to differentiate between two forms of external regulation and incorporating co-regulation prompts into their daily interactions as well as by way of using navigation cards with their students.
Our goal was to teach teachers ways that promote conversation that imparts knowledge about learning thereby eliciting learning strategies that match the student's learning needs and capacities by promoting the 21st century skill of independent learning and at the same time, incorporating academic-emotional learning as a critical component of intellectual learning. At the outset, we differentiated between dynamics that can quickly escalate toward emotional outbursts versus dynamics that require more contained or reticent conversation. We created navigation worksheets that enabled the teachers to transfer with ease knowledge and strategies related to self-regulation in the learning context.

Description of Intervention

We used an evidence-based approach to develop the intervention. The intervention was created towards the end of the Covid19 pandemic and as such consisted of ten 3-hour online meetings via Zoom that were supplemented with short movies that enhanced understanding of the topics (A full description is presented in the Appendix). In addition, assignments were given to ensure understanding and support implementation both through interpersonal dynamics and by use of technology. The intervention was structured in three main phases: Meetings 1-5 focused primarily on imparting theoretical knowledge at both the personal and child level. Meetings 6-8 emphasized practical experience, implementation, and adaptation of learning materials and content. Meetings 9-10 concentrated mainly on reflection for monitoring and change.
While our goal was to provide effective teacher practices, the beginning of the intervention provided theoretical knowledge of self-regulated learning. First, we focused on defining learning goals, parsing the different goals into cognitive, behavioral and emotional. Most common cognitive goals such as learning a subject domain and behavioral goals such as handing in a paper or arriving to class on time were straightforward. Many teachers found it surprising that they had emotional goals such as contentment, enjoyment, not fearing, or decreasing boredom. This process unveils the extent to which emotion has not been considered as part of academic-emotional learning. Teachers were tasked with identifying their goals based on this tripartide categorization as they returned to their classrooms. The teachers that were challenged to incorporate emotions as part of their learning goals became more aware of their importance and were able to articulate these goals more clearly as the weeks progressed. Subsequent meetings covered topics such as regulation strategies, meta-processes, external regulation, motivation, and the use of technology in promoting SRL. Each meeting included theoretical content, practical exercises, and reflective activities. Teachers were encouraged to apply the concepts learned in their own classrooms and share their experiences with the group. The final meetings focused on implementing the learned content during lessons, presenting practical applications developed by the teachers, and providing peer feedback and reflection.
We hypothesized that enhancing teacher instructional practices related to SRL through a targeted intervention program that articulated co-regulation prompts as beneficial for supporting student SRL will positively impact their students' metaprocesses and SRL strategies. Specifically, we predicted that students whose teachers participate in the SRL intervention will demonstrate significant improvements in:

1. Their regulation of attentional, emotional, and behavioral SRL strategies during learning.

2. Their knowledge of learning strategies, that is, metaemotion, metacognition and metabehavior.
These improvements were measured through direct assessments of students. We expected to observe differences in student outcomes between the treatment group (students of teachers who received the SRL training) and the control group (students of teachers who did not receive the training).
Method
Teacher Intervention
The teacher intervention was an Education of Ministry approved teacher development program in [country blinded]. This was a fully online 30-hour program that was mostly synchronous via video conferencing (e.g., Zoom) but also included a-synchronous activities such as watching movies, reading, writing, and in-class implementation and practice. 

Enrollment in the program was voluntary, with teachers independently registering for the course. Participants also voluntarily agreed to take part in the associated research study. The program was open to in-service teachers from various grade levels and subject areas, allowing for a diverse cohort of participants. To accommodate teachers' schedules, sessions were held outside of regular school hours, typically in the late afternoon. Experienced facilitators with expertise in SRL and teacher professional development led the course. Upon completing the program, teachers received official credit toward their continuing education requirements.
Participants: 530 high-school students (54% female, Mage =  16.10, SD = 0.86) of participating teachers were compared with a control group of 530 students (49% female, Mage =  16.27, SD = 0.86).
Procedure: Prior to data collection, the Ministry of Education and the university’s ethics committee approved the research protocol. Parental consent and student assent were obtained for all participants. Data were collected at two time points: at the beginning of the academic year (early November) before teachers began the professional development program (T1), and in April after SRL components were incorporated into their teaching (T2). At both time points, online questionnaires were administered to students in their classrooms by a team of research assistants who simultaneously visited participating classes. This approach ensured standardized data collection procedures.
Self-Report Measures
Self-report measures were used to assess students' experiences and learning strategies on a 5-point Likert-type scale, ranging from 1 (not at all) to 5 (very often). All scales showed good validity and internal consistency reliability as presented in Tables 1 and 2.

Metaprocesses were assessed using the Ben-Eliyahu et al. (2024) measure in three subscales: metacognition (five items adapted from Pintrich et al., 1991; sample: "During the lesson, I try to determine or figure out which concepts or ideas are difficult for me", Cronbach α; T1= 0.75, T2 = 0.82), metaemotion (five items; sample: "During the lesson, when something confuses me in the task, I examine my emotion so I could deal with the task again.", Cronbach α; T1= 0.86, T2 = 0.90), and metabehavior (four items; sample: "During the lesson, I try to determine which actions will be hard for me to do", Cronbach α; T1= 0.66, T2 = 0.76).
Self-regulated learning was measured using previously validated scales for emotional, behavioral, and cognitive SRL (Ben-Eliyahu & Linnenbrink-Garcia, 2015). Four SRL strategies were measured: attention regulation-cognitive SRL (four items; sample: " During the lesson, I have a hard time concentrating on tasks.", Cronbach α; T1= 0.83, T2 = 0.85); reappraisal-emotion SRL (four items; sample adapted from James & Gross, 2003: " During the lesson, when I want to feel more positive emotions (such as joy or amusement), I change the way I think about the situation.", Cronbach α; T1= 0.80, T2 = 0.84); suppression-emotion SRL (three items adapted from James & Gross, 2003; sample : " During the lesson, I control my emotions by not expressing them..", Cronbach α; T1= 0.73, T2 = 0.76); and academic behavioral SRL (four items; sample: " During the lesson, I set a plan for how to go about completing my tasks.", Cronbach α; T1= 0.76, T2 = 0.78).
Analysis Plan
The present study was based on a repeated measures design: T1 at the beginning of the year before teachers took part in the intervention and T2 at the end of the year after teachers completed the intervention. To assess possible changes in metaprocesses and SRL strategies, we used a structural equation modeling (SEM) framework, which allowed us to estimate latent change while integrating all indicator components, namely, a latent change score analysis (LCS; McArdle & Nesselroade, 2014; McArdle & Prindle, 2008).
Additionally, we accounted for the nested structure of the data as students were nested within classes. Thus, a two-level modeling approach was applied, in which students’ data were assigned to level one, and classes were assigned to level two. Based on the assumption that within-class correlations (intra-class correlation, ICC; Heck & Thomas, 2015; Heck et al., 2010) were meaningfully large (see Tables 3-9), indicating differences across classes, in addition to the fact that the nested structure of the data was opted by design. Altogether, to determine change, several steps were employed, that is, estimating change over time across all subjects, determining group differences with respect to intervention versus control groups, and lastly, examining gender and age differences.

Results

We assessed change in metaprocesses and SRL strategies across two time points employing latent change estimation. Interclass correlations (ICCs) for each item of each variable are presented in Tables 3 through 9. It is interesting to note that after the intervention (T2), ICCs in the control group were generally higher than ICCs in the intervention group, which might indicate that the effect of the specific classroom remained significant in the control group, while in the intervention group the change was more individual and less at the whole classroom level.

Metacognition

No significant change in metacognition across time emerged for the entire sample (Mean LCS = 0.019, p > .05), nor for the intervention and control groups separately (see Table 3). Additionally, in the intervention group, girls’ baseline (intercept) level of metacognition was lower than boys’ (b = -0.243, p < .001).

Metaemotion

A significant change in metaemotion across time emerged for the entire sample (Mean LCS = 0.201, p < .001). Further analyses examining the change separately in the intervention and control groups revealed that the change was only significant in the intervention group (Mean LCS = 0.185, p < . 01) and not in the control group (see Table 4). Namely, participants in the intervention group reported increased metaemotion after the intervention, while no change was evident in the control group. Additionally, the change in the intervention group differed by age, with younger students reporting a larger change than older students (b = -0.238, p < .05).

Metabehavior

A significant change in metabehavior across time emerged for the entire sample (Mean LCS = 0.153, p < .01). Further analyses examining the change separately in the intervention and control groups revealed that the change was only significant in the intervention group (Mean LCS = 0.191, p < . 05) and not in the control group (see Table 5). Namely, participants in the intervention group reported increased metabehavior after the intervention, while no change was evident in the control group. Additionally, in the intervention group, girls’ baseline (intercept) level of metabehavior was lower than boys’ (b = -0., p < .05).
Attention – Cognitive SRL
A significant decrease in attention regulation emerged only in the control group (Mean LCS = -0.105, p < . 05), while no significant change emerged in the intervention group (Mean LCS = -0.048, p > . 05; see Table 6). In other words, participants in the control group reported decreased levels of attention regulation as time passed, while no such decrease was evident in the intervention group. Additionally, the change in the intervention group differed by age, with younger students reporting a larger change than older students (b = -0.265, p < .05). The change in the intervention group also differed by gender, with girls reporting a larger change than boys (b = -0.166, p < .01).

Reappraisal – Emotion SRL
No significant change in reappraisal across time emerged for the entire sample (Mean LCS = -0.018, p > .05), nor for the intervention and control groups separately (see Table 7). Additionally, girls’ baseline (intercept) level of reappraisal was higher than boys’ for the entire sample (b = -0.148, p < .05).

Suppression – Emotion SRL
A significant decrease in suppression emerged only in the control group (Mean LCS = -0.108, p < . 05), while no significant change emerged in the intervention group (Mean LCS = -0.030, p > . 05; see Table 8). In other words, participants in the control group reported decreased levels of suppression with time, while no such decrease was evident in the intervention group. Additionally, the change in the control group differed by age, with older students reporting a steeper decrease than younger students (b = 0.154, p < .01).

Planning - Behavioral SRL
No significant change in behavioral SRL across time emerged for the entire sample (Mean LCS = 0.049, p > .05), nor for the intervention and control groups separately (see Table 9). Additionally, girls’ baseline (intercept) level of behavioral SRL was lower than boys’, both in the intervention group (b = -0.291, p < .001) and in the control group (b = -0.227, p < .05).

Discussion
This study investigated the effects of a teacher intervention focused on incorporating academic-emotional learning into their instruction. The aim of the intervention was to improve students' metaprocesses and self-regulated learning (SRL) strategies. The intervention specifically emphasized emotional regulation as an essential aspect of the learning process. It sought to provide teachers with practical SRL tools and encourage the use of language that promotes scaffolding, enabling them to better assist students in internalizing  SRL skills. We hypothesized that by fine-tuning teachers' instructional practices students will become more knowledgeable about their regulation of cognitive, behavioral, and emotional aspects of learning, and as a result harness SRL strategies.
Our first hypothesis, which posited that students of teachers who received SRL training would improve in their attentional, emotional, and behavioral SRL during learning, yielded unexpected results. While the experimental group showed stability in SRL strategies over time, the control group exhibited a decline in suppression-emotion SRL and attention-cognitive SRL. This pattern suggests that the intervention may have served as a protective factor against the deterioration of these regulatory strategies. This protective effect aligns with recent research in related fields. Liang et al. (2022) demonstrated how a self-control-focused intervention can buffer against negative risk-taking behaviors in adolescents, paralleling our findings where the intervention appeared as a barrier from declining regulatory abilities. Furthermore, our results are consistent with the focus of many evidence-based interventions, as highlighted by Weisz et al. (2005), who emphasize both the promotion of positive outcomes and the prevention of negative ones. In our study, while the intervention did not lead to significant improvements in the intervention group's SRL, it appeared to prevent the decline observed in the control group, thus fulfilling a preventive function.

The second hypothesis addressing differences in metaprocesses, specifically that students of teachers who received the intervention would improve in their knowledge of learning strategies (i.e., metaemotion, metacognition, and metabehavior) was partially confirmed. The findings indicated significant improvements in metaemotion and metabehavior among students whose teachers participated in the program, suggesting that the intervention enhanced students' understanding of how emotions and behaviors affect learning and how they can be used and altered according to the learning tasks (Zimmerman & Schunk, 2011). These results support our hypotheses and highlight the potential of SRL-focused teacher training programs in fostering specific aspects of student self-regulation. Our findings align with previous research by Kramarski and Kohen (2017), who emphasized the effectiveness of intervention programs that promote teachers' awareness of regulation processes in their practices. Interestingly, our intervention did not yield significant changes in students' metacognition. This unexpected result suggests that metacognitive abilities may require more intensive or prolonged interventions to show measurable improvement in comparison to a control group (Veenman et al., 2006). It is possible that the development of metacognitive skills involves deeper cognitive processes necessitating extended practice and reflection beyond what occurs naturally in the classroom (Flavell, 1979). The improvements in metaemotion and metabehavior, coupled with the lack of change in metacognition, underscore the complex nature of developing self-regulatory skills and the need for targeted interventions.
Further unpacking the findings, we revealed significant age and gender differences in students' SRL strategies and metaprocesses. Younger students demonstrated greater improvement in attention regulation, suggesting early adolescence may be an optimal period for developing these skills. This finding aligns with research on cognitive plasticity during this developmental stage (Blakemore & Choudhury, 2006). Conversely, older students in the control group exhibited a steeper decline in emotional suppression strategies over time, potentially indicating either a natural shift in regulation strategies or increased vulnerability without intervention.

The enhancement of metaemotional skills was particularly pronounced among younger students, underscoring the potential benefits of early intervention in developing emotional competencies within academic contexts. This heightened responsiveness in younger participants may reflect greater cognitive and emotional flexibility, facilitating the adoption of novel emotional regulation strategies in learning environments (Zimmerman & Schunk, 2011).
Gender differences emerged as another significant factor. Girls initially displayed lower baseline levels of metacognition, metabehavior, and behavioral SRL compared to boys, but exhibited higher reappraisal levels. After the intervention, girls showed more substantial improvements in metabehavior and attention regulation. These nuanced findings highlight the complex interplay of age and gender in self-regulated learning processes, echoing previous research on gender differences in SRL (Bidjerano, 2005).
These results have important implications for the design and implementation of future SRL interventions. They suggest that early, gender-sensitive approaches could be particularly effective in optimizing SRL and other educational outcomes (Dignath & Büttner, 2008). Further research is needed to elucidate the underlying mechanisms of these age and gender differences, potentially informing more targeted and effective educational strategies.
Limitations and Future Directions
While this study provides valuable insights into the effects of SRL-focused teacher intervention on student outcomes, several limitations should be acknowledged. The duration of our intervention was relatively short, suggesting that future studies may implement longer SRL interventions and assess the impact using a multi-measure longitudinal design. Such research could reveal whether the protective effect observed in our study persists over time and whether delayed improvements in metacognitive skills emerge with prolonged exposure to SRL-promoting teaching practices. Our study relied primarily on self-report measures from students. Future research could benefit from incorporating multiple methods of assessment, including observational measures, teacher reports, and performance-based tasks. This multi-method approach would provide a more comprehensive understanding of SRL processes and potentially capture aspects of self-regulation that may not be fully reflected in self-report data (Winne & Perry, 2000).

Additionally, while we observed gender and age differences in SRL outcomes, our study was not designed to explore the underlying mechanisms of these differences. Future research could delve deeper into these aspects, perhaps employing qualitative methods to understand how students of different ages and genders perceive and engage with SRL strategies. This could inform the development of more targeted, demographically sensitive interventions. Furthermore, our intervention focused on teacher training, but did not directly measure changes in teaching practices. Future studies could include classroom observations or teacher self-reports to assess how the training translates into actual classroom practices, and how these practices, in turn, influence student outcomes (Moos & Ringdal, 2012).

Conclusion

While our study contributes to the understanding of SRL promotion through teacher training, it also highlights the need for more nuanced, comprehensive, and long-term investigations in this field. Future research addressing these nuances has the potential to significantly advance our understanding of how to effectively foster self-regulated learning across diverse student populations. The study emphasizes the importance of integrating emotional regulation strategies into interventions aimed at improving SRL. While previous research has primarily focused on cognitive and behavioral aspects, the current study demonstrates that addressing emotions as an inseparable part of the learning process may contribute to enhancing students' metaprocesses and SRL strategies. From a practical standpoint, the findings indicate the need for teacher training in SRL, with an emphasis on incorporating co-regulation prompts that uses language to promote self-regulation, including emotion regulation.
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Table 1
Descriptive Statistics, Reliabilities and Zero-Order Correlations of all Variables Measured at T1.
	Variable

	M (SD)
	α
	1
	2
	3
	4
	5
	6

	1 Metacognition
	3.03 (0.86)
	.75
	
	
	
	
	
	

	2 Metaemotion
	2.22 (0.96)
	.86
	.48***
	
	
	
	
	

	3 Metabehavior
	2.95 (0.86)
	.66
	.68***
	.59***
	
	
	
	

	4 Attention SRL
	3.07 (0.98)
	.83
	-.04
	-.14***
	-.08**
	
	
	

	5 Reappraisal SRL
	2.84 (0.92)
	.80
	.38***
	.48***
	.43***
	-.21***
	
	

	6 Suppression SRL
	3.32 (1.01)
	.73
	.10***
	.07*
	.14***
	-.16***
	.19***
	

	7 Behavior SRL
	2.84 (0.92)
	.76
	.50***
	.42***
	.50***
	.03
	.37***
	.22***


* p < .05, ** p < .01, *** p < .001

Table 2
Descriptive Statistics, Reliabilities and Zero-Order Correlations of all Variables Measured at T2.
	Variable
	M (SD)
	α
	1
	2
	3
	4
	5
	6

	1 Metacognition
	3.05 (0.91)
	.82
	
	
	
	
	
	

	2 Metaemotion
	2.39 (1.04)
	.90
	.57***
	
	
	
	
	

	3 Metabehavior
	3.04 (0.90)
	.76
	.76***
	.64***
	
	
	
	

	4 Attention SRL
	3.23 (0.96)
	.85        
	-.03


	***16.-
	-.09*
	
	
	

	5 Reappraisal SRL
	2.79 (0.92)
	.84
	.44***
	.53***
	.47***
	-.31***
	
	

	6 Suppression SRL
	3.25 (1.00)
	.76
	.16***
	.12***
	.14***
	-.29***
	.29***
	

	7 Behavior SRL
	2.89 (0.91)
	.78
	.52***
	.45***
	.54***
	.11*-
	.48***
	.29***


*  p < .05, ** p < .01, *** p < .001

Table 3
Estimation of Change Across Time in Metacognition.
	
	All participants
	Intervention group
	Control group

	Items T1
	ICC
	ICC
	ICC

	M1
	.066
	.026
	.090

	M3
	.053
	.005
	.073

	M4
	.066
	.024
	.069

	M5
	.035
	.010
	.026

	M7
	.030
	.014
	.042

	
	
	
	

	Items T2
	
	
	

	MM1
	.030
	.016
	.037

	MM3
	.046
	.020
	.076

	MM4
	.055
	.014
	.119

	MM5
	.083
	.051
	.124

	MM7
	.054
	.029
	.082

	
	
	
	

	Intercept
	3.046***
	3.197***
	2.911***

	Change
	0.019
	-0.027
	0.013

	
	
	
	

	Intercept
	
	
	

	Gender
	-0.159**
	-0.243***
	-0.108

	Age
	-0.023
	-0.004
	-0.001

	
	
	
	

	Change
	
	
	

	Gender
	0.113
	0.181
	0.066

	Age
	0.018
	0.028
	-0.008

	
	
	
	

	Fit indices
	
	
	

	χ2; df; p
	155.98; 41; p < .001
	105.72; 41; p < .001
	112.79; 41; p < .001

	CFI
	.938
	.932
	.915

	TLI
	.931
	.926
	.907

	RMSEA
	.052
	.055
	.057

	SRMRw; SRMRb 
	.070; .000
	.072; .000
	.093; .000


*** p<.001, ** p<.01, * p<.05; CFI Comparative Fit Index, TLI Tuckel Lewis Index, RMSEA Root Mean Error of Approximation, SRMR Standardized Root Mean Square Residual (within, between). 

Table 4
Estimation of Change Across Time in Metaemotion.

	
	All participants
	Intervention group
	Control group

	Items T1
	ICC
	ICC
	ICC

	EM1
	.017
	.037
	.012

	EM2
	.028
	.007
	.029

	EM3
	.011
	.012
	.009

	EM5
	.009
	.001
	.022

	EM7
	.021
	.013
	.025

	Items T2
	
	
	

	EEM1
	.044
	.048
	.054

	EEM2
	.035
	.025
	.026

	EEM3
	.024
	.006
	.048

	EEM5
	.048
	.021
	.099

	EEM7
	.038
	.021
	.077

	
	
	
	

	Intercept
	2.375***
	2.442***
	2.376***

	Change
	0.201***
	0.185**
	0.160

	
	
	
	

	Intercept
	
	
	

	Gender
	-0.076
	-0.046
	-0.131

	Age
	-0.021
	0.032
	-0.040

	
	
	
	

	Change
	
	
	

	Gender
	0.049
	0.040
	0.110

	Age
	-0.176**
	-0.238*
	-0.100

	
	
	
	

	Fit indices
	
	
	

	χ2; df; p
	174.34; 41; p<.001
	100.80; 41; p<.001
	104.31; 41; p<.001

	CFI
	.951
	.958
	.951

	TLI
	.946
	.954
	.946

	RMSEA
	.056
	.053
	.054

	SRMRw; SRMRb 
	.075; .000
	.069; .000
	.090; .000


*** p<.001, ** p<.01, * p<.05; CFI Comparative Fit Index, TLI Tuckel Lewis Index, RMSEA Root Mean Error of Approximation, SRMR Standardized Root Mean Square Residual (within, between). 

Table 5
Estimation of Change Across Time in Metabehavior.

	
	All participants
	Intervention group
	Control group

	Items T1
	ICC
	ICC
	ICC

	BM1
	.079
	.027
	.076

	BM4
	.020
	.022
	.017

	BM5
	.058
	.019
	.076

	BM7
	.021
	.010
	.041

	
	
	
	

	Items T2
	
	
	

	BBM1
	.065
	.025
	.098

	BBM4
	.057
	.020
	.115

	BBM5
	.060
	.055
	.075

	BBM7
	.044
	.035
	.075

	
	
	
	

	Intercept
	2.836***
	3.025***
	2.655***

	Change
	0.153**
	0.191*
	0.136

	
	
	
	

	Intercept
	
	
	

	Gender
	-0.108*
	-0.104*
	-0.131

	Age
	0.019
	0.032
	0.034

	
	
	
	

	Change
	
	
	

	Gender
	0.051
	0.023
	0.110

	Age
	-0.082
	-0.077
	-0.103

	
	
	
	

	Fit indices
	
	
	

	χ2; df; p
	70.26; 23; p<.001
	32.97; 23; p=.082
	56.94; 23; p<.001

	CFI
	.955
	.982
	.925

	TLI
	.945
	.978
	.908

	RMSEA
	.044
	.029
	.053

	SRMRw; SRMRb 
	.070; .000
	.062; .000
	.087; .000

	
	
	
	


*** p<.001, ** p<.01, * p<.05; CFI Comparative Fit Index, TLI Tuckel Lewis Index, RMSEA Root Mean Error of Approximation, SRMR Standardized Root Mean Square Residual (within, between). 

Table 6
Estimation of Change Across Time in Attention – Cognitive SRL.

	
	All participants
	Intervention group
	Control group

	Items T1
	ICC
	ICC
	ICC

	ATR1
	.032
	.020
	.053

	ATR2
	.031
	.038
	.021

	ATR3
	.022
	.007
	.019

	ATR4
	.020
	.016
	.026

	
	
	
	

	Items T2
	
	
	

	AATR1
	.018
	.018
	.031

	AATR2
	.015
	.015
	.049

	AATR3
	.014
	.015
	.050

	AATR4
	.039
	.025
	.073

	
	
	
	

	Intercept
	2.946***
	2.839***
	3.041***

	Change
	-0.086*
	-0.048
	-0.105*

	
	
	
	

	Intercept
	
	
	

	Gender
	-0.429***
	-0.478***
	-0.379***

	Age
	0.023
	0.149*
	-0.121*

	
	
	
	

	Change
	
	
	

	Gender
	0.194*
	0.265*
	0.067

	Age
	-0.092
	-0.166**
	-0.006

	
	
	
	

	Fit indices
	
	
	

	χ2; df; p
	82.94; 24; p<.001
	60.59; 24; p<.001
	52.94; 24; p<.001

	CFI
	.964
	.964
	.958

	TLI
	.958
	.958
	.951

	RMSEA
	.049
	.055
	.048

	SRMRw; SRMRb 
	.048; .000
	.059; .000
	.065; .000

	
	
	
	


*** p<.001, ** p<.01, * p<.05; CFI Comparative Fit Index, TLI Tuckel Lewis Index, RMSEA Root Mean Error of Approximation, SRMR Standardized Root Mean Square Residual (within, between). 
Table 7
Estimation of Change Across Time in Reappraisal – Emotional SRL.

	
	All participants
	Intervention group
	Control group

	Items T1
	ICC
	ICC
	ICC

	REAP2
	.017
	.008
	.023

	REAP3
	.003
	.004
	.004

	REAP4
	.009
	.010
	.010

	REAP5
	.003
	.011
	.005

	
	
	
	

	Items T2
	
	
	

	RREAP2
	.022
	.009
	.048

	RREAP3
	.029
	.032
	.058

	RREAP4
	.017
	.032
	.016

	RREAP5
	.025
	.044
	.005

	
	
	
	

	Intercept
	2.800***
	2.809***
	2.795***

	Change
	-0.018
	-0.045
	0.012

	
	
	
	

	Intercept
	
	
	

	Gender
	-0.148*
	-0.160
	-0.148

	Age
	-0.047
	-0.008
	-0.072

	
	
	
	

	Change
	
	
	

	Gender
	0.069
	0.100
	0.009

	Age
	-0.003
	-0.024
	-0.023

	
	
	
	

	Fit indices
	
	
	

	χ2; df; p
	95.43; 24; p<.001
	53.34; 24; p<.001
	66.77; 24; p<.001

	CFI
	.954
	.969
	.937

	TLI
	.946
	.964
	.927

	RMSEA
	.054
	.049
	.059

	SRMRw; SRMRb 
	.072; .000
	.066; .000
	.084; .000

	
	
	
	


*** p<.001, ** p<.01, * p<.05; CFI Comparative Fit Index, TLI Tuckel Lewis Index, RMSEA Root Mean Error of Approximation, SRMR Standardized Root Mean Square Residual (within, between). 

Table 8
Estimation of Change Across Time in Suppression – Emotional SRL.

	
	All participants
	Intervention group
	Control group

	Items T1
	ICC
	ICC
	ICC

	SUPP1
	.024
	.006
	.044

	SUPP2
	.026
	.005
	.055

	SUPP3
	.017
	.013
	.019

	
	
	
	

	Items T2
	
	
	

	SSUPP1
	.004
	.004
	.008

	SSUPP2
	.018
	.027
	.003

	SSUPP3
	.009
	.019
	.003

	
	
	
	

	Intercept
	3.097***
	3.107***
	3.085***

	Change
	-0.064
	-0.030
	-0.108*

	
	
	
	

	Intercept
	
	
	

	Gender
	-0.030
	-0.004
	-0.047

	Age
	-0.045
	0.010
	-0.102*

	
	
	
	

	Change
	
	
	

	Gender
	0.082
	0.040
	0.189

	Age
	-0.008
	-0.115
	0.154**

	
	
	
	

	Fit indices
	
	
	

	χ2; df; p
	46.66; 11; p<.001
	29.75; 11; p<.01
	35.75; 11; p<.001

	CFI
	.951
	.956
	.928

	TLI
	.933
	.940
	.901

	RMSEA
	.056
	.058
	.062

	SRMRw; SRMRb 
	.083; .000
	.082; .000
	.090; .000

	
	
	
	


*** p<.001, ** p<.01, * p<.05; CFI Comparative Fit Index, TLI Tuckel Lewis Index, RMSEA Root Mean Error of Approximation, SRMR Standardized Root Mean Square Residual (within, between). 

Table 9
Estimation of Change Across Time in Planning – Behavioral SRL.

	
	All participants
	Intervention group
	Control group

	Items T1
	ICC
	ICC
	ICC

	ABR1
	.024
	.001
	.041

	ABR2
	.020
	.009
	.040

	ABR3
	.017
	.006
	.020

	ABR4
	.030
	.026
	.016

	
	
	
	

	Items T2
	
	
	

	AABR1
	.034
	.021
	.043

	AABR2
	.023
	.002
	.028

	AABR3
	.015
	.017
	.012

	AABR4
	.030
	.030
	.028

	
	
	
	

	Intercept
	2.799***
	2.872***
	2.727***

	Change
	0.049
	0.036
	0.046

	
	
	
	

	Intercept
	
	
	

	Gender
	-0.251***
	-0.291***
	-0.227*

	Age
	0.018
	-0.028
	0.083

	
	
	
	

	Change
	
	
	

	Gender
	0.146
	0.206
	0.073

	Age
	0.015
	0.032
	-0.003

	
	
	
	

	Fit indices
	
	
	

	χ2; df; p
	92.25; 24; p<.001
	83.85; 24; p<.001
	54.80; 24; p<.001

	CFI
	.948
	.931
	.940

	TLI
	.939
	.919
	.931

	RMSEA
	.053
	.070
	.050

	SRMRw; SRMRb 
	.060; .000
	.071; .000
	.063; .000

	
	
	
	


*** p<.001, ** p<.01, * p<.05; CFI Comparative Fit Index, TLI Tuckel Lewis Index, RMSEA Root Mean Error of Approximation, SRMR Standardized Root Mean Square Residual (within, between). 

SURVEY INSTRUMENTS

Metaprocesses (Adapted from MSLQ; Pintrich et al., 1991)

Metacognition

1. During the lesson, I try to determine or figure out which concepts or ideas are difficult for me.

2. During the lesson, I set goals for myself in order to direct my attention and focus.

3. During the lesson, if something confuses me, I go back and try to figure it out and read about it.

4. During the lesson, I ask myself questions to make sure I understand the lesson.

5. During the lesson, I try to think about what I am supposed to learn or understand from the lesson.
Metabehavior
1. During the lesson, I try to determine which actions will be hard for me to do.
2. If the task gets difficult, I change my actions.
3. During the lesson, I ask myself questions to make sure I am acting and doing things related to the learning task.
4. I try to think about how I am supposed to act related to the lesson learning tasks.
Metaemotion
1. During the lesson, I try to understand what makes me feel unpleasant emotions.

2. During the lesson, I determine which emotion will advance me.

3. During the lesson, when something confuses me in the task, I examine my emotion so I could deal with the task again.
4. During the lesson, I ask myself questions to consider which emotion can advance me in the task.
5. During the lesson, I try to think about what I am supposed to feel.

Self-Regulated Learning (Adapted from Ben-Eliyahu & Linnenbrink-Garcia, 2015)

Attention – Cognitive SRL
1. During the lesson, I have a hard time concentrating on tasks.
2. I lose track of what I am thinking about during the lesson.

3. During the lesson, I have difficulty thinking about one topic.

4. During the lesson, I often miss important points because I’m thinking of other things (e.g., tasks I did not complete today).

Reappraisal - Emotion SRL
1. During the lesson, when I want to feel more positive emotions (such as joy or amusement), I change the way I think about the situation.

2. During the lesson, when I want to feel more positive emotions (such as joy or amusement), I change what I think about. 
3. During the lesson, when I want to feel fewer negative emotions (such as sadness or anger), I change what I think about. 
4. When I deal with something stressful during the lesson, I make myself think about it in a way that helps me stay calm.
Suppression - Emotion SRL
1. During the lesson, I control my emotions by not expressing them.

2. During the lesson, when I feel negative emotions, I make sure not to express them.

3. I keep my emotions to myself.

Planning – Behavioral SRL
1. During the lesson, I set a plan for how to go about completing my tasks.
2. During the lesson, I begin a task, I consider all the different things I need to get done to complete this task.
3. During the lesson, I make a list of work that needs to be accomplished or finished.
4. During the lesson, I keep track of what remains to be done in the task.
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