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Abstract
Self-regulated learning (SRL) provides the foundation for building sustainable knowledge and is therefore 
important for schools, classrooms, and lifelong learn- ing in general. Especially in vocational education and 
training, the concept of SRL remains fundamental as it relates to preparing future employees. However, fur-
ther research is needed on how vocational students situationally regulate their learning process and the extent 
to which this may be related to a dispositional change in their SRL. In this study, we analyzed longitudinal 
questionnaire data from 159 students who attended either SRL-conducive or regular vocational classes. We 
refer to Perry and colleagues’ (2018) framework of an SRL-conducive learning environment, which focuses 
on (meta)cognitive, motivational, and emotional aspects of learning. Using multilevel analysis, we found dif-
ferences in the development of (meta)cogni- tive components of learning, whereas no clear differences could 
be identified for motivational and emotional components. The results support the assumption that process 
analyses can be used to draw a more differentiated picture of SRL in voca- tional schools. Moreover, indirect 
approaches to promoting SRL should be designed to include all SRL-relevant aspects.
Keywords Self-regulated learning · Vocational school · Process analysis · Intervention study

Introduction
Self-regulated learning (SRL) can be seen as a com-
plex process including (meta) cognitive, motivational, 
emotional, and behavioral aspects, which also relates 
to social processes (Järvelä & Bannert, 2021). As such, 
SRL is understood as theautonomous, self-directed be-
havior of individuals who actively monitor and regu-
late goal-oriented actions to improve their knowledge 
and skills (Paris & Paris, 2001). SRL is relevant at all 
levels of education and is a prerequisite for lifelong 
learning (Alheit & Dausien, 2002; Baumeister, 2005; 
Bolhuis, 2003). In this context, voca- tional schools can 
be seen as important spaces preparing learners for life-
long learn- ing in the workplace (Deissinger & Gonon, 
2021). Therefore, the investigation of SRL in vocation-
al schools is highly relevant from both a scientific and a 
practical perspective.
SRL has already been studied multiple times as an ed-
ucational concept and has been excellently conceptu-
alized from a theoretical point of view (see Panadero, 
2017 for an overview). Empirically, a significant impact 
of SRL on academic performance (e.g., Cleary et al., 
2020; Dignath & Büttner, 2008; Zimmerman & Ban-
dura, 1994), well-being (e.g., Davis & Hadwin, 2021; 
Park et al., 2012; Zimmerman & Martinez-Pons, 1990), 
and the development of generic competen- cies (e.g., 
Artelt et al., 2001; Weinstein & Hume, 1998; Wolters, 
2011) has been demonstrated.
Despite the extant literature, several aspects of SRL re-

main unexplored. An ongoing major issue is the ques-
tion of student learning trajectories (Winne, 2019). 
Promising approaches have been developed to deter-
mine what exactly constitutes the learning trajecto-
ry (methodologically: e.g., Schmitz et al., 2012; con-
tent-related: e.g., Pintrich, 2000; Zimmerman, 2000). 
However, considering SRL as a process also raises the 
question of how individuals interact with their learn-
ing environment. Existing suggestions have focused on 
the evolution of learners’ SRL and change over time 
from a more externally determined to a more self-de-
termined learning environment (for a related discus-
sion, see Hmelo-Silver et al., 2007; Kirschner et al., 
2006). Nevertheless, the role of the learning context 
can be seen as underrepre- sented in many studies on 
SRL and, therefore, not sufficiently investigated (Perry 
& Rahim, 2011). To address this issue, the goal of this 
paper is twofold: (1) to gain more detailed insight into 
students’ SRL trajectories in vocational schools and, in 
this context, (2) to demonstrate the importance of the 
learning environment for SRL. Of central importance 
are the constitutive elements for promoting SRL, rather 
than the outcome of SRL itself. In this paper, the results 
of an intervention focusing on key classroom features 
that foster SRL will be presented and discussed. Key 
class- room features represent a set of characteristics in 
the classroom context that empha- sizes SRL, referring 
to student activities as much as teacher activities (Perry 
et al., 2018).
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Self‑Regulated‑Learning in Vocational Schools
Today, the promotion of SRL plays an important role as 
many companies expect their employees and learners 
to be self-directed and responsible learn- ers (Dall’Al-
ba, 2009; Ertl & Sloane, 2004; Kirschner & Stoyanov, 
2018). For students to acquire these competencies, pro-
fessional knowledge should also be developed through 
active and self-directed learning processes (Lang & 
Pätzold, 2006; Metzger et al., 2005). In this context, 
work-related SRL is acentral factor in the profession-
alization process of aspiring employees. How- ever, 
existing research indicates that the task orientation of 
vocational learn- ers rarely takes place during hands-on 
simulations. Thus, the use of different (meta)cognitive 
strategies (e.g., time management, self-monitoring, or 
goal- setting) is, in many cases, not considered by vo-
cational students (Khaled et al., 2015). Jossberger and 
colleagues (Jossberger et al., 2020), for their part, were 
able to show that, despite being able to effectively plan 
and monitor their self- regulatory activities, students 
are often unable to carry out their planned activ- ities 
successfully.
At the same time, the promotion of SRL during voca-
tional school lessons can be said to be very important 
as well, especially because it can be assumed that the 
number of learning opportunities in training companies 
will decrease in the coming years (e.g., due to mega-
trends) and that schools will play an increasingly im-
portant role in providing vocational education (OECD, 
2021). Accordingly, a sustainable vocational education 
does not focus only on the acquisition of occu- pational 
skills but also on the development of generic compe-
tencies. The impor- tance of vocational schools for the 
vocational training of learners is particularly evident in 
dual vocational training systems such as those found 
in Switzerland, Germany, Denmark, the Netherlands, or 
Austria. For example, a Swiss appren- tice should not 
only learn to become a skilled worker for the labor mar-
ket but also be able to continue learning at a higher lev-
el of the education system later on (Gonon, 2017). In a 
recent study, Kirschner and Stoyanov (2018) were able 
to show, based on a survey of experts, that SRL contin-
ues to play an important role for vocational learners in 
training because it forms the basis for lifelong learning. 
Correspondingly, the experts who were interviewed 
considered the promotion of cognitive and metacogni-
tive strategies just as fundamental as learning in authen-
tic learning situations. However, the learning context 
must be modified and adapted so that learners can de-
velop their SRL competencies appropriately (Kirschner 
& Stoyanov, 2018). This shows that the development of 

job-specific competencies continues to play an import-
ant role, particularly because these are relevant for the 
transition from school to work. At the same time, suc-
cessful SRL is also important for achieving and, more 
importantly, retaining employment (Forster-Heinzer et 
al., 2016; Hanushek et al., 2017).
SRL can be considered an essential prerequisite for 
lifelong learning, and the design of learning environ-
ments plays an exceptionally important role in effective 
SRL. In this context, instructional designs that link to 
learners’ competence devel- opment and shift over time 
from more externally to more self-directed instructions 
have been proposed several times (Dubs, 2015). The 
promotion of the different components of SRL (cogni-
tion, metacognition, emotion, and motivation) plays an 
equally important part. For example, in a series of stud-
ies on vocational education in Germany, Sembill and 
colleagues demonstrated that SRL-oriented instruction 
leads to higher learning motivation and problem-solv-
ing skills among vocational students while they develop 
the same degree of expert knowledge (Sembill, 1999; 
Sembill et al., 2001). In addition, SRL-conducive learn-
ing environments have been shown to lead to deeper in-
terconnectedness across SRL phases (forethought, per-
formance, and self-reflection), as well as significantly 
more questions from learners about thelearning content 
and better feedback from teachers (Sembill, 2004). Ac-
cordingly, teachers should provide many opportunities 
for learners to participate in the class- room given that 
a greater experience of autonomy has a positive impact 
on voca- tional students’ motivation to learn and SRL 
(Sembill et al., 2001; Van Grinsven, 2003). This illus-
trates clearly for vocational education what is central at 
other lev- els of education as well: purposeful feedback 
and various forms of assessment of learning process-
es represent a fundamental prerequisite for SRL when 
they are intensively linked to the learning environment 
(Butler & Winne, 1995). However, in vocational educa-
tion, these elements are only partially used (Rozendaal, 
2002), resulting in limited recourse to metacognitive 
regulation strategies (van Velzen, 2004; van Velzen & 
Tillema, 2004).
Overall, vocational school instruction must be seen as a 
key component of the quality of training for vocational 
students, which should be subject to constant fur- ther 
development due to its lasting effects on the learning 
and action patterns of the students (Höpfer, 2017). This 
requires, inter alia, instructional measures in voca- tion-
al schools through which young people can further de-
velop their SRL competen- cies (Frey & Terhart, 2010; 
Sachs et al., 2016).
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Self‑Regulated Learning and Learning 
Environment
Studies on the promotion of SRL have increasingly fo-
cused on the development of individuals based on the 
design of their learning environment, with fundamental 
importance given to teachers (e.g., Dignath & Büttner, 
2008; Dignath et al., 2008; Kramarski, 2018; Kramarski 
et al., 2013; Waytens et al., 2002). This development is 
particularly necessary because it has been pointed out that 
not enough attention is paid to the interaction between 
the individual and the learning environment (Martin, 
2007; McCaslin & Good, 1996; Perry &Rahim, 2011). 
In a recent review, various approaches to promote SRL 
have been provided (Dignath & Veenman, 2020). Based 
on this overview, direct promotion refers to teachers’ in-
struction of regulation strate- gies—further divided into 
explicit and implicit strategy instruction—, while indirect 
promotion refers to the design of a learning environment 
that fosters SRL. Direct strategy instruction is gradual in 
terms of its explicitness (e.g., Dignath & Büttner, 2008). 
Brown and colleagues (Brown et al., 1981) differentiate 
three different levels of direct strategy instruction in this 
regard. Whereas blind training refers only to the instruc-
tion of strategies without further contextual information 
on how to use them, informed training also provides 
students with information on the benefit of the given 
strategy. Self-control training combines strategies with 
explicit instruc- tions on when, how, and where to use 
the provided strategies during the learning process (Dig-
nath & Veenman, 2020). At this point, it becomes clear 
that teacher expertise is central to both direct and indirect 
promotion of SRL. According to Dig- nath and Veenman 
(2020), significant differences exist between teachers in 
terms of promoting SRL. For example, regulation strate-
gies are prompted differently and often taught implicitly 
rather than explicitly (i.e., through verbalization). Fur-
ther- more, there is a positive relation between teachers’ 
instruction of SRL strategies and students’ use of them, 
while teachers’ SRL beliefs are positively correlated to 
theirSRL practice (Dignath & Veenman, 2020). Further 
research indicates that teacher self-regulation (e.g., Kra-
marski, 2008; Kramarski & Kohen, 2017), self-efficacy 
(e.g., De Smul et al., 2018; Dignath, 2016), motivation 
(e.g., Karlen et al., 2020) and knowledge of SRL (e.g., 
Spruce & Bol, 2015) are important predictors of learners’ 
successful SRL. In this paper, the focus lies exclusively 
on the learning environ- ment, that is, the indirect promo-
tion of learning environments.
The relevance of learning environments for learning 
in general—and SRL in par- ticular—has been wide-
ly demonstrated (Biggs, 1989, 1993; Boekaerts, 1992, 

1996;De Corte, 1996; Entwistle, 1991; Vermunt, 1995; 
Vermunt & Donche, 2017; Zim- merman, 1989). In the 
school context, various instructional approaches have 
been developed since the 1980s, such as cognitive ap-
prenticeship (Collins et al., 1989), situated learning 
(Greeno, 2006; Resnick, 1987), and problem-based 
learning (Bar- rows & Tamblyn, 1980). To promote SRL 
in school, some models explicitly include the learning 
environment. For example, the CLIA model (De Corte 
et al., 2004) emphasizes that the various components of 
competencies (Competence), character- istics of effective 
learning processes (Learning), principles and methods 
for design- ing a learning environment (Intervention), 
and various forms of assessment (Assess- ment) must be 
aligned to promote self-directed learning in students (De 
Corte et al., 2004, p. 368). Effectiveness studies revealed 
that students in SRL-supportive envi- ronments demon-
strate more sophisticated mathematical problem-solving 
skills and have more positive attitudes and beliefs re-
garding mathematics (De Corte et al., 2004). In addition, 
more intense co-regulation between individual students 
(De Corte, 2012), higher achievement, and increased use 
of metacognitive regulation strategies have been demon-
strated (De Corte, 2016; Masui & De Corte, 2005).
In line with this model, Perry and colleagues (Perry, 
1998, 2013; Perry et al., 2018) developed a framework 
with different characteristics of the classroom context 
that emphasizes SRL. They summarize classroom char-
acteristics in four macrocat- egories (“SRL-Supportive 
Structures,” “Student Influence and Autonomy,” “Sup- 
porting, Scaffolding, Co-Regulation,” and “Functions as 
a Community”), which, in turn, are subdivided into sev-
eral microcategories that reflect the types of practices that 
teachers use. “SRL-Supportive Structures” are defined as 
(1) assigning mean- ingful tasks that are linked to clear 
instructions and expectations as well as (2) pro- viding 
students with enough opportunities to participate in class-
room activities. Par- ticularly well-designed tasks lead to 
deeper information processing, more efficient use of reg-
ulatory strategies, and higher self-efficacy of the students 
(Perry, 2013). However, complex learning situations 
also require systematic and targeted support for learners 
(Reeve & Halusic, 2009). In this respect, Perry and col-
leagues (Perry et al., 2020a) were able to demonstrate that 
classrooms in which SRL is highly val- ued also provide 
structural support for SRL and the students’ autonomy. 
The mac- rocategory “Student Influence and Autonomy” 
refers to the availability of opportu- nities to co-design 
lessons and control one’s own learning, thus promoting 
student influence and autonomy. The selection, modifica-
tion, and alteration of tasks, as well as various forms of 
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self-assessment, are crucial to this process. Students who 
learn in autonomy-enhancing learning environments ex-
perience more positive emotions about their learning pro-
cess, seek more challenging tasks (Su & Reeve, 2011), 
and show greater engagement, less amotivation (Cheon 
& Reeve, 2015), and increasedautonomous motivation 
(De Naeghel et al., 2016). “Supporting, Scaffolding, Co- 
Regulation” and “Creating a Community of Learners,” 
as the third and fourth macro- categories, relate to the 
interactions between teachers and students as well as 
among the students themselves.Powerful learning envi-
ronments are characterized by model learning, demon-
stration, metacognitive and motivational dialogue, and 
mutual and differentiated feedback (Perry et al., 2020b). 
In this regard, the importance of social interactions for 
SRL-enabling learning environments, which is discussed 
extensively in the context of socially shared regulation, is 
emphasized (Hadwin et al., 2018). The importance of the 
social context has been demonstrated several times, for 
exam- ple, regarding scaffolding through teachers and 
peers (Leeuwen & Janssen, 2019; Molenaar et al., 2014; 
Salonen et al., 2005; Winstone et al., 2016) or collabora-
tive learning (McCaslin & Vriesema, 2018; Panadero et 
al., 2015; Vriesema & McCa- slin, 2020). Thereby, pos-
itive effects regarding shared goal orientation (Isohätälä 
et al., 2017), performance (Janssen et al., 2012), and the 
quality of regulatory pro- cesses in groups (De Backer 
et al., 2015) can be distinguished. Furthermore, the rel-
evance of group-regulated learning for productive cog-
nitive interaction (Khosa & Volet, 2014), supportive 
socio-emotional interaction (Rogat & Adams- Wiggins, 
2015; Rogat & Linnenbrink- Garcia, 2011), and even 
their interplay (Barron, 2003; Sinha et al., 2015) was 
demonstrated. So, when a classroom takes on a positive 
cli- mate, characterized by shared knowledge, respectful 
communication, acknowledg- ment of individuality, and 
mutual support, the classroom functions as a community. 
It was found that establishing a community of learners is 
conducive to SRL because learners seek more help and 
support from each other more intensively overall (Perry 
& Drummond, 2002). Together, these categories summa-
rize characteristics of the classroom context that empha-
size students’ SRL (Perry et al., 2015) and serve as the 
theoretical foundation in this study (Perry et al., 2018).
However, it must also be noted that the manifestation of 
SRL depends not only on the learning context (Winne & 
Hadwin, 1998) but also on how regulation evolves over 
time (McCardle & Hadwin, 2015). On the one hand, 
there is the view that sta- ble personality characteristics 
are decisive; on the other hand, there is the convic- tion 
that, above all, the current situation is crucial to appropri-

ately analyze SRL. Therefore, time is an important com-
ponent for the understanding of SRL (Patrick & Middle-
ton, 2002).

Self‑Regulated Learning as a Temporal Process
Whereas in the early stages of its theoretical conceptu-
alization, SRL was primarily defined as a disposition 
and empirical studies have measured it as a dispositional 
trait (Boekaerts & Corno, 2005; McCardle & Hadwin, 
2015; Winne, 2019; Winne & Perry, 2000), contempo-
rary views understand SRL as a dynamic and repetitive 
pro- cess in which the (meta)cognitive, emotional, and 
motivational components of learn- ing (seen as states) 
unfold over time. Thus, the effective self-regulation of 
learning is fundamentally dynamic in various phases of 
learning and can be flexibly modified to suit the learn-
ing environment (and associated requirements) (Greene 
et al., 2021). If regulation is understood as action and/
or behavior that develops over time, SRL canbe seen as 
a series of events during a learning task, which should 
be captured and analyzed in terms of its process (Mc-
Cardle & Hadwin, 2015; Winne, 2019). Learn- ers who 
effectively self-regulate their learning set learning goals 
and continuously adjust their efforts by monitoring the 
achievement of their learning goal (Bernacki, 2018; 
Greene &Azevedo, 2010). This illustrates the relevance 
of metacognitive pro- cesses because SRL can be mea-
sured via concrete events in class, for instance, when 
students solve tasks or edit texts (Greene et al., 2021). 
In this context, different types of self-regulation can be 
identified and approached as different metacognitive pro- 
cesses, such as task understanding, elaboration, evalua-
tion, and monitoring (McCa- rdle & Hadwin, 2015). In 
their study, McCardle and Hadwin (2015) demonstrat-
ed that metacognitive awareness changes over time and 
has a significant influence on how learners control and 
organize their learning process. Nonetheless, other com-
po- nents of SRL also evolve. For example, Moos and 
Azevedo (2008) showed that not only (meta)cognitive 
components but also emotional and motivational compo-
nents fluctuate during learning. The results of their study 
indicate that learners develop more sophisticated strat-
egies over time to solve tasks, along with an increasing 
inter- est in the tasks themselves.
Viewing SRL as a dynamic process rather than a dis-
position has led to a great deal of discussion in recent 
years, in which the measurement of SRL processes is 
still considered a major challenge (Veenman et al., 2006; 
Winne, 2010). The need to measure SRL as a process, 
via so-called online measures, has been expressed sev- 
eral times (Molenaar & Järvelä, 2014; Winne & Perry, 
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2000; Zimmerman, 2008). Some innovative instruments 
such as think-aloud protocols (Sonnenberg & Bannert, 
2019), log files (Bernacki, 2018), data mining (Lajoie 
et al., 2021), or electrodermal activity (Malmberg et al., 
2019) have been developed in recent years. For example, 
Molenaar et al. (2021) have depicted student learning 
progress through moment-by- moment learning curves, 
thus providing deeper insights into when students need 
additional learning support.
Based on the foregoing, it is clear that SRL can be mea-
sured at different lev- els of granularity. Granularity re-
fers to the level of detail at which self-regulatory pro-
cesses are assessed (Azevedo, 2009). The decision to 
measure SRL finely or coarsely depends largely on the 
research question. Coarse-grained measures aim to cap-
ture the global process phases of learning (Rovers et al., 
2019). Fine-grained measurement, in contrast, concerns 
the micro-level of learners’ SRL processes. An example 
is Schmitz and Wiese’s (2006) study, which examined 
the development of students’ learning over several days. 
Learning diaries were used for five weeks to track the 
development of self-regulatory behavior. Similarly, Mc-
Cardle and Hadwin (2015) presented different types of 
self-regulation measured over 11 weeks by com- bin-
ing qualitative and quantitative methods. Several other 
studies have attempted even more fine-grained analysis 
of the SRL process. For instance, hypermedia learn- ing 
sessions have revealed the relationship between cogni-
tive and metacognitive processes during task solving 
(Azevedo et al., 2010). In a 60-min experiment (car- ried 
out in 10-min segments), it was shown that during task 
solving, learning strate- gies were used far more often 
(76.67%) than metacognitive strategies such as plan- 
ning (4.80%) or monitoring (15.56%; Azevedo et al., 
2010, p. 216). In studies on the dynamics of SRL, units 
of time are conceptualized differently, creating an artifi-
cialdivision. That is, time is segmented in various ways 
and can refer, for example, to individual lessons or entire 
teaching units over several weeks. It is therefore fun- 
damental to link the segmentation of defined periods to 
clear guidelines and justify them theoretically (Molenaar, 
2014). Although new and innovative methods have been 
developed in recent years for the measurement of SRL, 
there is still a lack of studies examining SRL as a process 
over time (Järvelä & Bannert, 2021). This can be noted in 
particular for vocational education and training, as “little 
is known about vocational students’ learning and their 
strategy use in real time” (Jossberger et al., 2020, p. 135).

The Present Study
Vocational education provides a notably promising en-

vironment for the promotion of the development of SRL 
(OECD, 2021). Fostering SRL may require reforming 
the way that learning is organized and implemented in 
vocational schools. Physical spaces and new or adapted 
teaching materials are key factors in this process (Mus- 
set, 2019). At the same time, there is the question of 
whether students become more self-directed in dealing 
with different learning situations as they grow in age and 
experience (Boekaerts, 1996). Therefore, in this study, 
we designed an intervention that possesses some essen-
tial features of an SRL-conducive learning environment 
(for details, see “Intervention” section).
The overall aims of the present study were twofold. Our 
first goal was to investi- gate the development of SRL 
components over time. Due to the complexity of SRL, 
Pintrich’s model (2004) focuses on three areas of meta-
cognition, motivation, and emotions, which remain very 
broad constructs. As such, the area of (meta)cogni- tive 
strategies is specified by the strategies of repetition, orga-
nization, elaboration, planning, monitoring, regulation, 
effort, time management, learning with fellow students, 
and learning environment. Motivational regulation is as-
sessed by the two poles (intrinsic and external regulation) 
of Deci and Ryan’s (2002) continuum struc- ture to reflect 
motivation within SRL. Finally, with regard to emotions, 
two common emotions (enjoyment and boredom) are ex-
amined that have different valences (posi- tive and nega-
tive) and activation (activating and deactivating; Pekrun, 
2006). All of these components are explicitly reflected 
in the framework of Perry et al. (2018), which forms the 
basis for our intervention.
Our second goal was to analyze whether an SRL-pro-
moting learning environ- ment in vocational schools 
may have an impact on students’ development of these 
SRL components in comparison with regular instruc-
tion. To date, too little is known about the process of 
SRL (Järvelä & Bannert, 2021; Winne, 2019). To bet- ter 
understand how SRL unfolds over time, it is therefore 
necessary to relate SRL as static competence (disposi-
tional development) and SRL as strategic adapta- tion 
(situational development) to one another (McCardle & 
Hadwin, 2015). Thus, based on the different levels of 
granularity of SRL processes (Azevedo, 2009), we ad-
dressed this desideratum by analyzing the development 
of SRL components at two different measurement levels: 
the macro level to capture potential changes in students’ 
dispositions over a school year (coarse grained), and the 
meso level toexamine weekly trends in SRL components 
over a semester (fine grained). The following research 
questions and hypotheses were investigated regarding 
the dis- positional change and situational development 
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of vocational students’ SRL com- ponents. To examine 
changes in students’ disposition in SRL components, our 
first research question is as follows:
Do dispositional changes in the use of (meta)cognitive 
strategies, perceived moti- vation, and emotions of stu-
dents in treatment classes differ from those of students in 
control classes? (RQ1)Based on the encouraging results 
of existing research (e.g., Sembill et al., 2007; Van Grins-
ven & Tillema, 2006), we hypothesized that students in 
the treatment classes increase their use of cognitive and 
metacognitive strategies compared to students in the con-
trol classes. Previous research demonstrated that the sat-
isfaction of students’ basic psychological needs (need for 
autonomy, com- petence, and relatedness) predicts posi-
tive emotions and contributes to intrin- sic motivation (De 
Naeghel et al., 2016; Isen & Reeve, 2005; Ryan & Deci, 
2020). Thus, because the SRL-setting is also assumed to 
better fulfill students’ basic psychological needs (Perry 
et al., 2018), we assumed that students in the treatment 
classes exhibit an increase in intrinsic motivation and 
positive emo- tions. Several studies revealed that basic 
need satisfaction is associated with higher internalization 
of externally motivated activities and a decrease in nega- 
tive emotions (Skinner et al., 2017; Vansteenkiste et al., 
2020; Yu et al., 2016). Therefore, we expect a decrease 
in extrinsic motivation and negative emotions compared 

to the control classes. For the control classes, we did not 
expect any changes in the development of the SRL com-
ponents over a school year. To gain deeper insights into 
the development of learners’ SRL, our second research 
question is as follows:
Does the situational development in the students’ use of 
(meta)cognitive strate- gies, perceived motivation, and 
emotions in treatment classes differ from those of stu-
dents in control classes? (RQ2)
In line with the existing research (Sembill et al., 2008; 
Wild, 2001; Wild & Krapp, 1996), we hypothesized in-
creasing linear development in the use of (meta)cogni-
tive strategies, intrinsic motivation, and positive emo-
tions in the treatment classes. A linear development of 
SRL (e.g., Leidinger & Perels, 2012; Schmitz & Wiese, 
2006) or positive emotions (Goetz et al., 2013) could be 
dem- onstrated over a similar period of time. For motiva-
tion and engagement, Martin and colleagues (Martin et 
al., 2015) were able to identify a linear development be-
tween weeks, even if non-linear developments between 
single days have been detected as well.
At the same time, we expected a decrease in extrinsic 
motivation and negative emo- tions in the treatment 
classes. For the control classes, we did not expect any 
changes in the development of the SRL components over 
a semester.

Fig. 1 Research design. Note: LQ = Long Questionnaire (pre/post measurement); SQ = Short Question- naire 
(intermediate measurement); LC = Learning Coaching; WpSr = Weekly planning/Self-reflection
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Method
Participants and Data Collection
The purpose of the present study is to evaluate an 
SRL-supportive instructional setting within a qua-
si-experimental study. The quantitative sample con-
sisted of 159 commercial apprentices in seven classes, 
with a mean age of 16.64 years (SD = 2.23 years) at 
the beginning of their first school year at vocation-
al school “Wirtschafts- und Kaderschule Bern” in “ 
Bern, Switzerland.” Learners were assigned to the 
treatment classes on a voluntary basis, i.e. the voca-
tional learners were informed by the school about the 
content of the SRL setting before they could decide 
for themselves whether they wanted to participate.
Students in a vocational school in “ Switzerland” at-
tend part-time classes two days a week and, on the 
other three days, are with their apprenticeship compa-
nies and attend no classes. Our intervention study only 
addresses learning in school and there is no transfer to 
the apprenticeship companies. Of these 159 students, 
76 were male (47.8%) and 83 were female (52.2%). 
Three of the seven classes were inter- vention classes 
(n = 68; 42.8%), and four were control classes (n = 
91; 57.2%). At the beginning (August) and end (June) 
of the school year, the students completed an extend-
ed online self-report questionnaire (Fig. 1). Between 
these long ques- tionnaires, the students could partici-
pate in weekly short questionnaires during the school 
year. A total of 119 students (n = 46; 38.7% interven-
tion vs. n = 73; 61.3% control) downloaded an appli-
cation developed for this study onto their smartphones 
and participated in the weekly short questionnaire 
via this app. It took the students approximately one 
to two minutes to complete the short questionnaire. 
Once a week, the students received a push notifica-
tion on their smartphones informing them that a new 
questionnaire was available. If they did not complete 
the questionnaire, the students received five more 
push notifications over the following days. To ensure 
that the results were not biased by a specific subject 
or day, a semi-randomized timeinterval was assigned 
for the data collection (Himmelstein et al., 2019). Data 
collec- tion was tested with pilot studies. Before data 
collection, parental and student per- mission was ob-
tained and the Ethics Committee of the Faculty of Hu-
man Science of the “University of Bern ” classified the 
study as safe/uncritical.

Intervention
Our intervention approach refers to the framework 
model developed by Nancy Perry and colleagues, 

“Classroom Practices that Support Self-Regulated 
Learning” (Perry et al., 2018, 2020a). Based on this 
framework, we created a learning environment with 
different instructional elements to emphasize students’ 
SRL in a participatory approach with a vocational 
school (Perry et al., 2015). Table 1 illustrates which 
ele- ments of the “Classroom Practices that Support 
Self-Regulated Learning” frame- work were included 
in our intervention.
In our intervention, a classroom structure was provid-
ed that allowed for auton- omous learning (“SRL-Sup-
portive Structures”). Most of the time, the students 
worked independently on individual assignments. For 
this purpose, they received a so-called “learning job” 
every four weeks. This document included all tasks 
to be completed, exam dates, and optional self-tests. 
At the same time, the learners received four to five 
20-min input sessions during school hours, in which 
the techni- cal content of the subjects Business and 
Society, Information, Communication, and Admin-
istration, German, English, and French were taught. 
During the school days, two teachers of different sub-
jects were always available to answer students’ ques- 
tions. In addition to the teachers’ input, exam times 
were also scheduled. Each week, an exam in one sub-
ject was held on the second day of school from 09:00 
to 10:00. Students also had access to all documents 
and materials at any time via an online platform.
Regarding “Student Influence and Autonomy,” stu-
dents in our intervention had the opportunity to de-
sign their learning process largely on their own. Based 
on their learning jobs, they created individual weekly 
plans and independently decided how much time they 
would spend on each subject at school and at home. 
The weekly plans served to control and assess SRL 
strategies and, thus, represented the central document 
to record the development of the vocational learners’ 
learning competen- cies. The main task of the stu-
dents was to plan the processing of the learning as-
sign- ments (in terms of time and content). With re-
gard to self-assessment, they had the opportunity to 
check their learning progress via self-tests. The self-
tests were forma- tive and were coordinated with the 
teachers’ input.
Finally, “Supporting, Scaffolding, Co-Regulation” 
and “Creating a Community of Learners” relate to the 
interactions between teachers and students as well as 
among the students. In our intervention, these aspects 
were, inter alia, influenced by the coaching sessions. 
Each student was supported by a personal coach. At 
these coaching meetings, held every four weeks, in 
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addition to discussing the self-tests and individual planning, various aspects of SRL such as applied learning 
strategies and time management were discussed, and individual goals were set. In addition, all
tasks in the learning job could be completed in a chosen social form (e.g., partner or group work) to enable as 
much mutual support and co-regulation as possible.

Macro Categories Micro Categories InstructionalSetting (BG-
SOL)

ProvidingStructure Tasks/Activities Learning job/ 20min 
Inputs

Expectations/Instructions Learning job/ 20min 
Inputs

FamiliarRoutinesandParticipationStruc-
tures

Learning job/ 20min 
Inputs

VisualPrompts Learning job/ 20min 
Inputs

Giving Students 
Influence

InvolvementinDecisionMaking/Meaning-
fulChoices

Weeklyplans

ControloverChallenge Weeklyplans
Self-Assessment Self-tests

Supporting, Scaff  
olding,Co-regulation

Modeling/Demonstrating 20min Inputs

Questioning Coaching
Feedback Self-tests
MetacognitiveLanguage Coaching
MotivationalMessages Coaching

Creating a Communi-
tyof Learners

Co-constructingknowledge Coaching

Positive/Non-Threatening Communica-
tion

Coaching

Supporting/CelebratingoneAnoth-
er’sLearning

Learningjob

Table 1 Classification of the content from the intervention into macro and micro categories  
(Perry et al., 2020b, p. 301f)

Overall, the implementation of the intervention sup-
ported several macrocatego- ries of Perry’s heuristic 
on “Classroom Practices that Support Self-Regulated 
Learn- ing” and, thus, based on theoretical consider-
ations, aimed to promote SRL among vocational stu-
dents. The following approaches were used to evaluate 
implementa- tion. Students’ weekly plans were evalu-
ated by coaches and provided to the research team as 
a manipulation check. Additionally, the records of the 
coaching sessions were submitted to verify implemen-
tation. Finally, implementation of the inputs, learning 
jobs, weekly plans, self-tests, coaching sessions, and 
flexibility regarding social forms were verified through 
the interviews.

Besides the intervention setting, students in the control 
group attended regular classes with lessons in all sub-
jects for 45 min each on both school days. After each 
lesson, they changed classrooms and teachers. Thus, 
the instructional design was primarily the responsibility 
of teachers and varied between subjects, and all instruc- 
tional elements proposed to the students in the inter-
vention setting (weekly plans, learning jobs, self tests) 
were not carried out in the control classes. In addition, 
there was no coaching or systematic individual mentor-
ing in the regular classes.

Measurement
As mentioned above, two types of measures were used 
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for this study: a) long ques- tionnaires at the begin-
ning and end of the school year, and b) weekly short 
ques- tionnaires. The long questionnaire consisted of 
14 scales addressing the different components of SRL 
(Table 2). (Meta)cognitive strategies and resource man-
agement were measured using ten subscales: repetition, 
organization, elaboration, planning, monitoring, regu-
lation, effort, time management, learning with fellow 
students, and learning environment of the “Inventory 
for the Measurement of Learning Strategies in Academ-
ic Studies” (LIST; Wild & Schiefele, 1994). Motiva-
tional components were measured using the intrinsic 
and extrinsic motivation components of the “Ger- man 
Self-Regulation Questionnaire” (Müller et al., 2007). 
Finally, for the emotional components, the two scales 
of enjoyment and boredom based on the German ver-
sion of the “Achievement Emotion Questionnaire” 

(AEQ; Pekrun et al., 2005) were used. The weekly 
short questionnaire consisted of one item of the scales 
of repetition, organization, elaboration, planning, mon-
itoring, regulation, effort, time manage- ment, learning 
with fellow students, learning environment, intrinsic 
motivation, extrinsic motivation, enjoyment, as well as 
boredom, and was used over 14 weeks (one semester). 
Single-item measures have been reported to have ade-
quate psycho- metric properties and represent a suitable 
alternative for long scales when those are not applica-
ble (e.g., for frequent measures; Gogol et al., 2014). All 
single items were adopted from the long questionnaire 
(Table 2). For this purpose, we selected the items that 
best represented each corresponding scale (Goetz et 
al., 2013, p.387; Schmitz & Wiese, 2006). In the short 
questionnaire, all items were rated on a 4-pointLikert 
scale ranging from 1 (not true) to 4 (true).

Table 2 Overview of scales
Table2Overviewofscales
Scale Num-

berof-
items

Exampleitem Cronbachs 
α within-
mainques-
tionnaire

Repetitiona 7 I learnrules,technical termsorformulas frommemory αt0=.70

αt1=.84
Organizationa 8 Iwrite brief summaries of the main ideas to help me 

organize my thoughts
αt0=.82

αt1=.87
Elaborationa 9 Ienvisionpracticalapplicationstonewconcepts αt0=.78

αt1=.83
Planninga 8 Ithink about the order in which I study the material αt0=.79

αt1=.89
Monitoringa 6 Inmymind,I gobackthroughthematerial Ihavelearned-

to seeifIhave memorizedalltheessentials
αt0=.66

αt1=.82
Regulationa 6 Ifthereisadifficulttext,Iadaptmylearningtechniqueto-

thehigherdemands
αt0=.76

αt1=.88
Efforta 6 IworkuntilIamsureIcanpasstheexamsverywell αt0=.76

αt1=.85
Timemanagementa 4 WhenIstudy,Isticktoaspecifictimeline αt0=.86

αt1=.85
Learningwithfellow-
studentsa

7 Icollaborateontexts andassignmentswith myclass-
mates

αt0=.85

αt1=.89
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Learning environmen-
ta

6 WhenIstudy,ImakesurethatIcanstudyinsilence αt0=.77

αt1=.82
Intrinsicmotivationb 5 IworkinvocationalschoolbecauseIwanttolearnnewth-

ings
αt0=.81

αt1=.85
Extrinsicmotivationb 6 IworkinvocationalschoolbecauseotherwiseI-

wouldgetintotroubleatmyapprenticeshipcompany
αt0=.64

αt1=.81
Enjoymentc 6 Ienjoyvocationalschool αt0=.79

αt1=.75
Boredomc 5 Igetboredinvocationalschool αt0=.81

αt1=.88

Likert scale range: a = 1 – 6 (never – always), adopted from Wild and Schiefele (1994); b = 1 – 5 (strongly dis-
agree – strongly agree), adopted from Müller et al. (2007);c = 1 – 4 (is not true – is true), adopted from Pekrun et 
al. (2005)

Data Analysis
First, we wanted to investigate dispositional differ-
ences in the change of SRL com- ponents between 
students in the treatment and control classes. Linear 
mixed mod- els have the advantage of allowing for 
the estimation of interindividual variability in intra-
individual patterns of change over time (Raudenbush 
& Bryk, 2002). This allows estimation of a mean tra-
jectory for the two groups, as well as a subject-spe- 
cific difference for each individual (McNeish & Mat-
ta, 2018). We ran linear mixed- effect models based 
on data from the long questionnaires (start and end 
of the school year). This trait data corresponds to a 
nested data structure in which measures (Level 1; N 
= 318) are nested within persons (Level 2; N = 159). 
The number of missing values on the dependent 
variables ranged between 17% and 42.8%. This oc-
curred as a result of the voluntary nature of partici-
pation in the study, absences due to illness during the  
survey period, and transfers from/to another school or 
profile within the school during the school year. Miss-
ing data in the long questionnaire were assessed with 
multiple imputations by a chained equation – pack-
age mice (van Buuren & Groothuis-Oudshoorn, 2011, 
version 3.13.0, number of imputed datasets m= 25  
and iteration maxit = 25). Linear mixed models were 
run using the lme4 package (ver- sion 1.1.27; Bates et 
al., 2015).
Second, to investigate the situational differences in 
the development of SRL components, we used data 
from the weekly short questionnaires (14 measure-
ment points). This state data represents a nested data 

structure in which measures (Level 1; N = 1666) are 
nested within persons (Level 2; N = 119). The Table 
6 in Appendix A shows variance components for all 
14 variables. Due to the low group variances, a lon-
gitudinal two-level model was retained in our analy-
ses (Level 1time and Level 2person). Because of our 
intervention, we assumed a continuous development 
across time and, therefore, linear mixed-effect mod-
els were run using the nlme package (version 3.1.152; 
Pinheiro et al., 2021). Missing data were estimated 
using maxi- mum likelihood estimates. All analyses 
were conducted in R (R Core Team, 2019).

Results
Descriptive statistics and correlations for all the vari-
ables of the long questionnaire are presented in Table 3. 
In the first measurement, the two groups only differed 
in planning (p = 0.05). All other variables demonstrat-
ed no significant difference at t0. As expected, (meta)
cognitive strategies and resource management were 
significantly correlated within measurement points. In 
addition, they usually correlated signifi- cantly with 
intrinsic motivation and enjoyment within measure-
ment points. Inter- estingly, extrinsic motivation at 
the first measurement point was only significantly cor-
related with enjoyment, while significant correlations 
were found with (meta) cognitive strategies and re-
source management at the second measurement point. 
Boredom was significantly correlated with cognitive 
strategies, effort, learning envi- ronment, and enjoy-
ment within the measurement points. All significant 
correlations showed the expected direction.
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Dispositional Change
To examine differences in the dispositional change 
of SRL components among students in treatment and 
control classes, separate linear mixed models were 
run from the long questionnaires to determine whether 
there was an interaction between the treatment and time 
(one school year).
The results revealed a significant interaction effect 
of time and the treat- ment in elaboration (b = -0.34, 
t(415.557) = -1.96, p = 0.05), planning (b = -0.48, 
t(182.251) = -2.37, p = 0.02), and learning with fel-
low students (b = -0.35, t(519.623) = -1.63, p = 0.10). 
Separate multilevel models revealed that time sig- 
nificantly predicted elaboration in the control group 
(b = -0.25, t(296.201) = -2.08, p = 0.04), whereas it 
did not in the treatment group (b = 0.10, t(432.930) 
= 0.74, p = 0.46). The interaction effect reflects the 
difference in slopes for time as a pre- dictor of elabo-
ration, meaning that elaboration in the students’ learn-
ing process decreased between the two measurement 
points in the control group, while it increased in the 
treatment group, although not significantly. In addi-
tion, separate multilevel models revealed that time 
significantly predicted planning in the treat- ment 
group (b = 0.34, t(453.040) = 2.53, p = 0.01) but not 
in the control group (b = -0.13, t(111.667) = -0.92, p 
= 0.36). The interaction effect, therefore, reflects the 
difference in slopes for time as a predictor of planning, 
such that the treatment group increased planning in 
their learning process between the two measurement 
points, while the control group lowered it, although 
not significantly. Separate multilevel models revealed 

that time did not significantly predict learning with 
fellow students in either the treatment (b = 0.18, 
t(157.227) = 1.01, p = 0.31) or the control group (b 
= -0.17, t(178.868) = -1.06, p = 0.29). Therefore, the 
inter- action merely reflected the significant trend of 
the two groups as a whole. All other variables showed  
no significant interaction effects of time and the treat-
ment (Table 4).
To examine within-group differences over time, sepa-
rate multilevel models were run. They revealed a sig-
nificant main effect of time on regulation in the control 
group (b = -0.49, t(101.878) = -3.13, p = 0.002), where-
as in the treatment group, time did not significantly 
predict regulation (b = -0.13, t(138.968) = -0.83, p = 
0.41). Regarding time management, separate multilevel 
models revealed a significant main effect of time in the 
treatment group (b = 0.34, t(214.284) = 1.98, p = 0.05, 
as well as in the control group (b = 0.51, t(183.413) 
= 2.59, p = 0.01). Therefore, both groups significant-
ly increased their time management between the two 
measurement points. All other variables showed no  
significant effect of time in either the treatment or the 
control group.

Situational Development
To investigate whether the situational development of 
students’ SRL components in treatment classes dif-
fered from that of control classes over 14 measurement 
points, separate linear mixed models were run to deter-
mine whether there was an interaction between treat-
ment and time. Significant effects are described below, 
and —non-significant effects are reported in Table 5.
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The results revealed a significant interaction effect of 
time and treatment in repetition (b =-0.03, t(407) =-1.74, 
p = 0.08), planning (b =-0.04, t(406) =-2.28, p = 0.05),  
monitoring (b =-0.03, t(408) =-1.67, p = 0.08), regula-
tion (b =-0.03, t(408) =-1.93, p = 0.02), and structuring 
an appropriate learning environment (b =-0.04, t(409) 
=-2.73, p = 0.007). Separate multilevel models showed 
that time significantly positively predicted repetition in 
the treatment group (b = 0.03, t(206) = 2.51, p = 0.02), 
while no significant effect was found in the control 
group (b =-0.001, t(201) =-0.09, p = 0.92). Therefore, 
the interaction effect reflected the difference in slopes 
for time as a predictor of repetition. Repetition in-
creased over the 14 weeks in the treatment group while 
remaining stable in the control group. Separate multi-
level models indicated that planning was significantly 
negatively pre- dicted by time in the control group (b 
=-0.02, t(200) = 1.98, p = 0.05). At the same time, it 
was not significantly predicted by time in the treatment 
group (b = 0.02, t(206) =-1.27, p = 0.20). The interac-
tion effect reflected the difference in slopes for time as a 
predictor of planning, whereby planning decreased over 
the 14 weeks in the control group. Planning increased 
slightly in the treatment group, albeit not significantly 
(Fig. 2). In terms of monitoring, a separate multilevel 
model revealed that time was not a significant predictor 
for students in the treatment (b = 0.01, t(206) = 1.18, p 
= 0.24) or in the control group (b =-0.02, t(201) =-1.23, 
p = 0.22). Therefore, the interaction merely reflected 
the significant trend of the two groups as a whole. Re-
garding regulation, separate multilevel models revealed 
that time signifi- cantly positively predicted regulation 
in the treatment group (b = 0.02, t(207) = 1.98, p = 
0.05), while no significant effect was found in the con-
trol group (b =-0.01, t(201) =-0.69, p = 0.49). This indi-
cates that students in the treatment group signifi- cantly 
increased their regulation over time, whereas regulation 
remained stable in the control group. Finally, separate 
multilevel models showed that structuring an appropri-
ate learning environment was significantly negatively 
predicted by time in the control group (b =-0.04, t(201) 
=-2.86, p = 0.005) but not in the treatment group (b = 
0.01, t(208) = 0.52, p = 0.60). This indicates that the 
appropriate structuring of the learning environment by 
the learners in the control group decreased significantly 
over the 14 weeks but remained stable in the treatment 
group. All other variables showed no significant inter-
action effects of time and the treatment.
In addition, separate multilevel models brought to light 
a significant main effect of time on time management, 
learning with fellow students, and enjoyment. In terms 

of time management, the main effects of time were 
found for the treatment group (b = 0.02, t(208) = 1.70, p 
= 0.09), whereas in the control group, time did not sig-
nificantly predict time management (b =-0.006, t(201) 
=-0.49, p = 0.62). A main effect of time on students’ 
learning with fellow students was found for those in the 
treatment group (b = 0.02, t(208) = 1.70, p = 0.09). For 
students in the con- trol group, learning with others was 
not significantly predicted by time (b =-0.006, t(201) 
=-0.49, p = 0.76). Finally, a significant main effect of 
time was identified for enjoyment (Fig. 2): in the treat-
ment group, enjoyment was significantly positively pre-
dicted by time (b = 0.02, t(205) = 1.87, p = 0.06), while 
no significant effect was found in the control group (b = 
0.003, t(201) = 0.30, p = 0.76). These main effectsindi-
cate that students in the treatment group showed a sig-
nificant increase in time management, learning with 
fellow students, and enjoyment. However, the effect 
can- not be clearly attributed to the intervention.

Discussion
Today, understanding SRL as a process in its context is 
one of the key challenges in SRL research (Järvelä & 
Bannert, 2021; Winne, 2019). In this study, we analyzed 
questionnaire data from vocational students during 
their first year of study to inves- tigate the development 
of the (meta)cognitive, emotional, and motivational 
compo- nents of learning over time. Moreover, we were 
interested in whether an intervention setting that aimed 
at fostering SRL in vocational education may change 
these devel- opmental trends. To gain deeper insights, 
we investigated the dispositional change (RQ1) as well 
as the situational development (RQ2) of SRL compo-
nents and looked for differences between the treatment 
and control groups.

SRL as a Temporal Process
We found differences in dispositional changes in (meta)
cognitive strategies like planning and elaboration within 
and between the two studied groups. There was also ev-
idence of a situational development of (meta)cognitive 
variables like rep- etition, planning, and monitoring. As 
suggested, in the treatment group, the stu- dents’ dispo-
sition regarding planning increased significantly (Per-
ry, 2013). In terms of elaboration and regulation, the 
results show that the intervention did not foster these 
strategies; instead, it was suggested that the intervention 
could protect students in the treatment group from a de-
crease. Therefore, based on the negative development 
of the control group, we noted the maintenance of elab-
oration and regulation as a positive result. For example, 
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the significant negative effect of the trait measure over 
one year in the control group suggested that students 
spend- ing more time in the normal school setting were 
less likely to use the cognitive strategy of elaboration, 
while this strategy remained constant in the treatment 
group. This is consistent with the findings of Bannert 
and colleagues (Bannert et al., 2014), who demonstrat-
ed that successful students use a cyclical sequence of 
SRL strategies that are repeated over time. Interesting-
ly, in our study, both groups reported an increase in time 
management. Thus, this increase cannot be attributed to 
the intervention. Rather, we assume that the change in 
the school setting led to this increase. In compulsory ed-
ucation, students attend school from Monday to Friday, 
whereas in vocational school, they only spend two days 
in the school setting and the remaining three days in 
their training company. Accordingly, all students must 
adapt their time management to the new circumstances 
during their first year of vocational education (Wolters 
& Brady, 2020).
Our study showed that exploring the dispositional and 
situational attributes of SRL gives a better understanding 
of how vocational students learn in school (Sembill et al., 
2008; Wild & Krapp, 1996). SRL is thereby seen as a pro-
cess thatbecomes apparent through a series of events or 
actions in a certain temporal order (Molenaar & Järvelä, 
2014). Against this backdrop, the weekly measurements 
helped to better understand the students’ general en-
gagement in SRL. For instance, significant differences 
in the development of planning were observed between 
the two groups in both the trait and state measurements. 
However, separate models for each group revealed a sig-
nificant decrease of the state measurement over time in 
the control group, while the trait measurement showed a 
significant increase in the treatment group. In addition, in 
the trait measurement, students in the treatment group re-
ported lower levels of planning at the beginning of voca-
tional education. This might indicate that students in the 
treatment group rated themselves lower in planning than 
the students in the control group because of the more 
complex setting. However, this increased complexity re-
garding students’ planning of their own learn- ing could 
have had a long-term effect on students in the treatment 
group, resulting in a positive effect in the trait measure-
ment. In contrast, students in the control group exhibited 
a decrease in planning in the state measurement because 
they became used to the new setting of only two school 
days and may have assumed that they must plan less than 
in lower secondary education (Xu et al., 2014). Thus, the 
decrease in planning in the control group during the first 
semester may be a transition effect that fades out with 

time. Equally important is the significant effect of reg-
ulation in the state measurement of the treatment group, 
reflecting an increase during the first semester, whereas 
in the trait measurement, no significant effect was found. 
This change could be explained by the strong situation-
al variation of the variable, indicat- ing that regulation 
varied strongly situationally but remained stable dispo-
sitionally (McCardle & Hadwin, 2015; Pintrich, 2004).
These results support the call for combined analyses of 
varying granularity (Rov- ers et al., 2019) and illustrate 
that intervention-based changes in SRL can be cap- tured 
more sensitively by combining state and trait measures, 
while confirming find- ings from previous studies (e.g., 
Schmitz & Wiese, 2006). Moreover, the findings align 
with previous research in the area of SRL in the work-
place (for an overview, see Cuyvers et al., 2020). For 
example, our results provide a complementary addi- tion 
to the findings of Jossberger and colleagues (Jossberger 
et al., 2020), illustrating the contribution that vocational 
schools can make in promoting SRL and the extent to 
which this can be helpful in the workplace.

SRL and the Learning Context
Concerning the striking development of the variables 
elaboration, structuring an appropriate learning envi-
ronment, planning, repetition, and regulation in our 
study, our results are consistent with previous SRL 
research emphasizing metacognition for SRL (Ber-
nacki, 2018; Greene et al., 2021). The particular rel-
evance of metacog- nition for vocational learning has 
also been demonstrated (Kirschner & Stoyanov, 2018; 
Rozendaal, 2002; van Velzen, 2004). For instance, 
teachers who ask voca- tional students reflective ques-
tions influence their self-reflective thinking. There-
fore, vocational students’ perceptions of teachers are 
particularly relevant, highlight- ing the importance of 
the relationship between teachers and learners (van 
Velzen & Tillema, 2004). However, in contrast to oth-
er (intervention) studies on SRL in vocational schools 
(e.g., Sembill et al., 2001), our intervention setting did 
not lead to increased positive emotions and intrinsic 
motivation. Although we assumed an indirect effect 
promoting SRL through our learning setting (Perry, 
1998, 2013; Perry et al., 2018, 2020a), we could not 
identify any effects on the motivation variables, while 
only weak effects on enjoyment could be demonstrat-
ed. One possible expla- nation is that although a learn-
ing environment conducive to SRL was created in our 
study, no direct regulation strategies were taught; thus, 
the effects of combined strategy training are not attest-
ed, and the intended effect is missing (Paris & Paris, 
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2001). Finally, vocational students have been part of 
the school system for several years. Therefore, a sta-
bilization of motivation and emotions over time (e.g., 
during adolescence; Gillet et al., 2012; Gläser-Zikuda 
et al., 2005) would also be possible, whereby moti-
vation and emotions would have to be regarded more 
as a habitual pat- tern. Consequently, given the neg-
ative trajectories of motivation and emotion dur- ing 
primary and secondary education (Meyer & Schlesi-
er, 2021; Raccanello et al., 2019; Scherrer & Preck-
el, 2019), a targeted promotion of these components 
would be important. To foster these aspects, the use of 
socio-psychological elements that explicitly focus on 
the meanings and inferences that students draw about 
themselves or situations has produced promising re-
sults (Walton & Wilson, 2018).
Overall, teacher competence on SRL could also be a 
decisive factor (Dignath & Veenman, 2020; Karlen et 
al., 2020). In our study, teachers’ skills and attitudes 
towards SRL have not been included, but this could 
be an important explanation for the differential devel-
opment in SRL. In addition, we assumed a modera-
tion via basic psychological needs in our hypothesis, 
but this was not explicitly tested. It is possible that the 
SRL-conducive learning environment had no, little, 
or inconsist- ent influence on students’ perceptions of 

basic need satisfaction. At the same time, we treat the 
SRL of vocational students in this study independent-
ly of the subject content or tasks that learners were re-
quired to solve (Zimmerman, 2000). There is still little  
empirical research that intentionally explores this dis-
tinction (Alexander et al., 2011). However, researchers 
who distinguish between domain-specific (sub- ject-re-
lated) and domain-nonspecific (subject-independent) 
SRL have also come to different conclusions in this 
respect. For example, Veenman & Spaans (2005) 
con- clude that SRL changes gradually over time, 
with younger learners more likely to use domain-spe-
cific regulatory strategies and older learners more  
likely to demon- strate general SRL skills. In a recent 
study, metacognitive self-regulation strategies in digi-
tal learning environments were shown to be partly ge-
neric and partly domain- specific (Greene et al., 2015). 
Moreover, the role of the coaching sessions needs to 
be critically reflected: Although students should be  
holistically supported in their SRL through the coach-
ing sessions, the coachings have mainly focused on 
(meta) cognitive aspects, such as planning or organi-
zation. However, this creates the risk that self-efficacy 
(Bandura, 1999; Hattie et al., 1996), for example, is not 
promoted as an important motivational component of 
SRL in a sustainable way.

Table 4 Linear mixed-effect
Time 0.44 0.29 -0.03, 0.91 .13

Intervention 0.16 0.14 -0.06, 0.39 .24
TimexIntervention -0.22 0.18 -0.52, 0.08 .22

Organization
Time .07 .36 -0.53, 0.67 .85

Intervention .26 .15 0.00, 0.51 .10
TimexIntervention -0.05 .21 -0.40, 0.30 .82

Elaboration
Time 0.44 0.29 -0.03, 0.91 .13

Intervention 0.06 0.13 -0.16, 0.28 .64
TimexIntervention -0.34 0.18 -0.63, -0.05 .05

Planning
Time 0.82 0.31 0.30, 1.33 .01

Intervention 0.26 .15 0.02, 0.49 .08
TimexIntervention -0.48 .20 -0.81, -0.14 .02

Monitoring
Time .22 .33 -0.32, 0.75 .51

Intervention .06 .14 -0.17, 0.30 .65
TimexIntervention -0.06 .19 -0.38, 0.26 .77

Regulation
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Time 0.23 .36 -0.37, 0.82 .53
Intervention .19 .15 -0.05, 0.43 .19

TimexIntervention -0.36 .22 -0.73, 0.01 .11
Effort
Time 0.17 0.33 -0.37, 0.71 .60

Intervention 0.06 0.14 -0.17, 0.30 .67
TimexIntervention -0.15 0.20 -0.48, 0.18 .46
Timemanagement

Time 0.29 0.45 -0.45, 1.03 .52
Intervention -0.01 0.20 -0.34, 0.32 .97

TimexIntervention 0.11 0.27 -0.34, 0.56 .69
Learningwithfellowstudents

Time .52 .36 -0.07, 1.12 .15
Intervention .11 .17 -0.16, 0.38 .51

TimexIntervention -0.35 .21 -0.69, 0.00 .10
Learningenvironment

Time .28 .29 -0.20, 0.76 .28
Intervention .11 .14 -0.12, 0.34 .11

TimexIntervention -.20 .18 -0.50, 0.09 .26
Intrinsicmotivation

Time .17 .28 -0.29, 0.63 .54
Intervention -.13 .13 -0.34, 0.09 .33

Table 5 Linear mixed-effectmodels based on data of theweekly short questionnaires (14 measurement points)
 Repetition

Time 0.03 0.01 0.01, 0.05 .02
Intervention 0.26 0.14 -0.02, 0.53 .07

TimexIntervention -0.03 0.02 -0.06, 0.00 .08
Organization

Time 0.00 0.02 -0.03, .03 1.00
Intervention 0.32 0.19 -0.05, .69 .09

TimexIntervention -0.01 0.02 -0.06, 0.03 .57
Elaboration

Time 0.00 0.01 -0.02, 0.03 .75
Intervention 0.02 0.13 -0.24, 0.27 .90

TimexIntervention -0.01 0.02 -0.05, 0.02 .51
Planning

Time 0.02 0.01 -0.01, 0.04 .22
Intervention 0.20 0.16 -0.10, 0.51 .20

TimexIntervention -0.04 0.02 -0.08, -0.01 .02
Monitoring

Time 0.01 0.01 -0.01, 0.04 .25
Intervention 0.17 0.13 -0.10, 0.44 .19
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TimexIntervention -0.03 0.02 -0.07, .0.01 .08
Regulation

Time 0.02 0.01 0.00, 0.04 .05
Intervention 0.07 0.13 -0.20, 0.33 .60

TimexIntervention -0.03 0.02 -0.06, 0.00 .05
Effortmanagement

Time 0.00 0.01 -0.02, 0.02 .97
Intervention -0.09 0.14 -0.37, 0.18 .51

TimexIntervention -0.02 0.01 -0.04, 0.01 .26
Timemanagement

Time 0.02 0.01 -0.01, 0.04 .12
Intervention -0.31 0.16 -0.63, 0.00 .05

TimexIntervention -0.02 0.02 -0.05, 0.02 .32
Learningwithfellowstudents

Time 0.01 0.02 -0.02, 0.04 .45
Intervention 0.10 0.19 -0.27, 0.46 .60

TimexIntervention -0.02 0.02 -0.06, 0.02 .38
Learningenvironment

Time 0.01 0.01 -0.01, 0.03 .58
Intervention 0.26 0.12 -0.02, 0.50 .03

TimexIntervention -0.04 0.02 -0.07, -0.01 .01
Intrinsicmotivation

Time 0.00 0.01 -0.02, 0.02 .91
Intervention -0.11 0.14 -0.39, 0.17 .45

Limitations
Despite the advantages of the present study, notably its 
longitudinal approach over a school year and in-depth 
weekly measurements over a semester, some limita-
tions must be taken into account. First, during the sec-
ond semester, the COVID-19 pan- demic affected our 
study. Because of the school’s closure, the students at-
tended school from home for 12 weeks. This affected 
the treatment and control groups equally and may have 
impacted the results of the long questionnaire at the 
end of the school year, although the students were back 
at school at that time. In this con- text, the lockdown 
forced us to reduce our process analysis to 14 weeks 
(first semes- ter), even though the measurement was 
originally planned for the entire school year. Thus, we 
cannot exclude the possibility of bias in the main and 
short questionnaires, and the results must be interpreted 
tentatively.

 A	 Group Trajectories + Regression Line
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B	 Group Trajectories + Regression Line

Fig. 2 Group trajectories and regression line for plan-
ning (A) and joy (B) over 14 weeks. Note: Dash line = 
Group means; Solid line = Regression line
Second, because of the difference in granularity be-
tween the state and trait meas- urements, time is seg-
mented in different ways (Azevedo, 2009), which might 
affect comparability between the two measurements 
and with other studies (e.g., Azevedo et al., 2010). In 
this study, fine- and coarse-grained measurements were 
related, and their temporal units were based on week-
ly measurements (situational development) and annual 
measurements (dispositional change). Thus, the deter-
mination of time units has a significant impact on how 
the results are interpreted (Molenaar, 2014). Third, 
the present study is exclusively based on quantitative 
self-reported data. The enrichment with qualitative data 
(e.g., think-aloud protocols; Sonnenberg & Ban- nert, 
2019) and objective data (e.g., classroom observation, 
Dignath & Veenman, 2020; electrodermal activities, 
Malmberg et al., 2019) could provide deeper insight 
into the development of the SRL components of voca-
tional students. Fourth, due to the large time span of 
the study and the number of weekly measurements, the 
num- ber of missing values is high. Although modern 
techniques such as multiple-impu- tation and maximum 
likelihood estimations are appropriate to handle miss-
ing data (Buhi et al., 2008; Schlomer et al., 2010), the 
possibility of bias cannot be excluded.

Implications and Future Research
The results of the present study regarding the effects of 
a structural SRL interven- tion in a vocational school 
provide important information for future research and 
practice. It can be assumed that the intervention posi-

tively affects students’ (meta) cognitive strategies. The 
effects on different levels of granularity, therefore, pro-
vide additional information on the overall impact of 
such an environment on students’ sit- uational and life-
long learning (Kirschner & Stoyanov, 2018). For prac-
tice, the state measurement brought to light interesting 
individual trajectories of SRL components over time. 
Based on this data, researchers and/or teachers could 
react situationally to the developments of individual 
students and provide individual support (Molenaar et 
al., 2021; Reeve & Halusic, 2009). Given the increasing 
heterogeneity of students in classrooms, it is important 
in modern and future-oriented schools to focus not just 
on collective but also on individual learning paths.
In future studies, the structural intervention in vocation-
al schools could also be aligned with an SRL interven-
tion in training companies to achieve comprehen- sive 
promotion. In particular, this raises the question of how 
learners can be sup- ported in their SRL by teachers 
(Karlen et al., 2020; Kramarski, 2018; Kramarski et al., 
2013; Spruce & Bol, 2015). In doing so, it is important 
not only to create the appropriate environment for SRL 
but also to provide specific support for students in ap-
plying different strategies. Following the principle of 
scaffolding (Hmelo-Silver et al., 2007), teachers could, 
for example, use different forms of strategy instruction 
to support vocational learners individually, according to 
their stage of development (Dignath & Veenman, 2020). 
Thus, linking support via direct and indirect strategies 
would be an important direction for future intervention 
research on SRL (Paris & Paris, 2001).
Another important aspect relates to the implementation of 
the intervention: In our study, it became clear that, teach-
ers implemented the coaching sessionsdifferently despite 
being instructed to use a standardized manual. This in 
turn might have affected the heterogeneous results in the 
quantitative analysis. At this point, it becomes clear that 
the sustainable promotion of SRL among learners also 
always presupposes a structured learning environment 
and is not to be confused with min- imal guidance (van 
Hout et al., 2000). Thus, effective implementation of in-
struc- tional interventions is always a matter of instruc-
tional quality (Holtsch et al., 2019).
Finally, the possibility of aptitude-treatment interac-
tions must always be consid- ered when evaluating in-
tervention research. The assumption is that the outcome 
of an intervention depends on the match between the 
students’ aptitudes and the treat- ment (Cronbach & 
Snow, 1977; Yeh, 2012). Thus, students differ in their 
readiness to profit from an intervention based on their 
individual aptitudes (Snow, 1992). Consequently, the 
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intervention may not be equally effective for all students. Further research is needed to provide additional insight 
into whether there are systematic differences between students based on their aptitudes with respect to the effec-
tive- ness of the intervention.

Appendix
Table 6 Variance components for all variables (short questionnaire)

   Variance level 1 – 
time  

Variance level 2 – 
person  

Variance level 3 – 
group

Repetition 0.55 0.22 0
Organization 0.56 0.43 0
Elaboration 0.49 0.21 0

Planning 0.53 0.35 0
Monitoring 0.47 0.18 0
Regulation 0.37 0.28 0

Effort 0.36 0.25 0
Time management 0.47 0.41 0.02

Learning with fellow students 0.52 0.48 0
Learning environment 0.3 0.25 0

Intrinsic motivation 0.3 0.29 0
Extrinsic motivation 0.46 0.45 0

Enjoyment 0.25 0.48 0.01
Boredom 0.32 0.37 0
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