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Self-regulated learning (SRL) is positively associated with improved learning 
achievements during all educational phases. Despite playing an important role 
in conveying SRL strategies to their students, pre-service often lack knowledge 
about SRL and imparting it. Therefore, addressing SRL and teaching SRL strategies 
to students seems relevant to pre-service teacher training. The present study aims 
to analyze pre-service teachers’ SRL profiles in asynchronous and synchronous 
digital learning environments and compares their influence on training effectiveness. 
As part of a pre-post design, a total of N = 141 pre-service teachers participated 
in the study, and questionnaires on SRL strategy use and an SRL knowledge test 
were used. A latent profile analysis indicated a three-class solution (low, moderate, 
high SRL), revealing significant differences regarding SRL strategy use but not for 
SRL knowledge. These findings enable a person-centered approach to develop 
digital learning environments and provide insight into specific learner behavior.
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1 Introduction

Digital learning environments are platforms or applications providing learning material 
that enable students to study course contents remotely, often on their terms, with or without 
direct monitoring by the teacher (Arguel et al., 2017; Kümmel et al., 2020). Current research 
suggests that digital learning environments can positively impact learning (Clark et al., 2016) 
by, e.g., motivating learners (Chang et al., 2017). They also offer the advantage of reaching 
many people at the same time. Digital learning environments are particularly suitable for 
teaching interdisciplinary skills on which students can work regardless of time and location 
(Broadbent et al., 2020). One of these interdisciplinary skills is self-regulated learning (SRL), 
the ability to plan and regulate thoughts, feelings, and actions during the learning process, to 
achieve previously set learning goals (Zimmerman, 2000). SRL comprises cognitive, 
motivational, and metacognitive components (Boekaerts, 1999): Cognitive components 
include conceptual and strategic knowledge and the ability to apply appropriate learning 
strategies. Motivational components include activities to initiate and sustain learning. 
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Metacognitive components comprise planning, self-monitoring, and 
reflection on one’s own learning process (Boekaerts, 1999).

On the one hand, SRL is a competency that can be  fostered 
directly or indirectly. Direct promotion of SRL often includes the 
impartation of specific SRL strategies and knowledge via training 
programs led by trained teachers. In this case, the learners are aware 
that they are explicitly learning SRL strategies. Indirect promotion is 
often unconscious and can occur, for example, by providing a learning 
environment that provides the possibility for SRL but does not instruct 
the use if SRL strategies explicitly (Dignath and Veenman, 2021). On 
the other hand, SRL is an essential prerequisite for successful learning 
in digital environments (Broadbent and Poon, 2015) where learners 
often work independently. Since they often have limited interaction 
with lecturers, learners must use SRL strategies to determine with 
which learning materials to engage, and when (Broadbent et al., 2021; 
Kizilcec et al., 2017). Research has shown that students who possess 
self-regulation skills are more likely to succeed in digital learning 
environments and complete tasks without interruption compared to 
those who lack these skills (Alhazbi and Hasan, 2021; Cho and Shen, 
2013; Lee and Choi, 2011). It has been observed that SRL positively 
affects learning in all educational domains (Dent and Koenka, 2016) 
which is why SRL should be fostered as early as possible. Pre-service 
teachers are particularly relevant to supporting their students’ SRL, 
but they require skills to promote the construct among students. They 
often lack knowledge about teaching SRL strategies (Glogger-Frey 
et al., 2018). Therefore, promoting SRL among pre-service teachers as 
early as possible is crucial, to develop the necessary skills to teach their 
students explicit learning strategies and serve as a model for their 
implementation in the classroom (Peeters et al., 2014).

Digital learning environments are an ideal platform for providing 
pre-service teachers with SRL strategies in an adaptable way. 
Designing effective digital learning environments requires considering 
students’ individual needs for successful learning. A person-centered 
approach seems suitable to fulfill this requirement because individual 
learning profiles can be  analyzed and provide a basis for future 
learning environments. Hence, this research aims to examine 
individual SRL characteristics of pre-service teachers in two digital 
learning environments—asynchronous e-learning and synchronous 
online seminar—and to compare the effectiveness of the training 
regarding the acquisition of SRL strategies and SRL knowledge.

2 Theoretical background

2.1 Self-regulated learning

SRL is “a process whereby learners activate and sustain cognitions, 
affects, and behaviors that are systematically oriented towards the 
attainment of personal goals” (Zimmerman, 2011, p.  1). SRL is a 
proactive process that demands a high level of SRL strategy use 
(Zimmerman, 2008). Furthermore, it is a general interdisciplinary 
competency that supports students in planning, implementing, and 
reflecting on their learning processes and functions across various 
disciplines (Bembenutty, 2011). Models for describing SRL distinguish 
between component and process models. SRL contains cognitive, 
metacognitive, and motivational components that component models 
entail (e.g., Boekaerts, 1999). In contrast to component models that 
focus on constituent parts of SRL, Zimmerman’s (2000) social cognitive 

model of SRL depicts it as a cyclical process, dividing the learning 
process into different phases that represent the central components of 
self-regulation. Due to the consideration of SRL’s different components 
as well as its circularity, Zimmerman’s (2000) model is the most popular 
model for intervention studies and also the basis for the intervention 
in the present study, and the following section describes it further.

2.1.1 Social cognitive model of SRL
Zimmerman (2000) divides the learning process into three phases: 

forethought, performance, and self-reflection. These involve cognitive, 
metacognitive, and motivational components. The cyclical character 
of SRL is due to the phases occurring sequentially and previous 
learning processes impact prospective strategy use.

The “forethought phase” represents the first phase of the learning 
process. Initially, learners set goals, plan their behavior, and choose 
adequate learning strategies (metacognitive component) that seem 
beneficial for reaching the desired goals. Moreover, learners must 
motivate themselves to start the learning process. One important 
motivational component is self-efficacy, the self-belief that one can 
master the requirements to solve the task (Bandura, 2006), which 
often determines the ability to self-motivate (motivational 
component). If self-efficacy for a specific task is at a high level, starting 
the task is highly probable.

The “performance phase” refers to the actual learning activity. 
Cognitive strategies, such as repeating and organizing, particularly 
help to consolidate acquired knowledge by integrating new 
information into existing cognitive structures (cognitive component). 
In this phase, motivational strategies play an important role in 
maintaining the learning process. Learning can only continue if 
learners can motivate themselves sufficiently (Alhazbi and Hasan, 
2021), have enough volitional strategies to protect themselves from 
distractions and focus their attention (Dörrenbächer and Perels, 2015; 
Valenzuela et al., 2020; motivational component). Throughout the 
whole learning process, learners must self-control their actions to 
adapt their strategy use if necessary. Self-observation is one essential 
metacognitive strategy that enables learners to adjust their learning 
behavior in case of a discrepancy between their goals and the current 
state (De Bruin and van Gog, 2012). By monitoring the learning 
process, learners identify the learning strategies that have proved less 
effective and consequently merit dismissal (metacognitive component).

In the following “self-reflection phase,” learners undertake a self-
evaluation by contrasting forethought phase goals with the achieved 
results (metacognitive component). This comparison entails a 
selection of productive strategies for prospective learning and a refusal 
of strategies that did not prove successful and/or an adaptation of 
goals because the initial goals turned out to be  unrealistic 
(Zimmerman, 2000). For this reason, learners must be able to evaluate 
their achievements, which closely links to causal attribution (Brun 
et al., 2021). In terms of self-regulated learning, an internal variable 
attribution would be the most suitable because it promotes learners’ 
perception of responsibility and controllability. Different options exist 
for a self-reaction of the learning results. Self-satisfaction with one’s 
own abilities has turned out to be beneficial for learners, resulting in 
increased self-efficacy. All in all, the successful accomplishment and 
positive evaluation of a task consolidate the learner’s self-motivational 
beliefs and outcome expectations, causing positive emotions 
(motivational component)—for example, pride—to impact the choice 
of strategies in the proximate forethought phase (Zimmerman, 2000).
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2.1.2 Pre-service teachers’ SRL
Pre-service teachers’ self-regulation ability and the use of different 

SRL strategies should be  examined separately. The ability to self-
regulate requires declarative knowledge of SRL, defined as “facts, 
figures, rules, relations” (Cooke et al., 2000, p. 153) about SRL as well 
as procedural knowledge of SRL (“procedures, sequences and actions 
required for task performance,” Cooke et al., 2000, p. 153). Given that 
procedural knowledge is difficult to operationalize, this study is 
focused on declarative knowledge of SRL. However, declarative 
knowledge of SRL and the use of SRL strategies should 
be differentiated, since knowledge of SRL strategies does not imply 
their use (Dörrenbächer-Ulrich et al., 2021; Foerst et al., 2017).

Regarding declarative SRL knowledge, research indicates that 
pre-service teachers’ declarative knowledge of SRL strategies is often 
fragmented (Lawson et al., 2019) and disorganized (Ohst et al., 2015). 
Furthermore, some pre-service teachers demonstrate bad-quality 
metacognitive strategy knowledge (Glogger-Frey et al., 2018), leading 
to ineffective teaching of SRL strategies. Accordingly, they seldom use 
SRL strategies spontaneously (Engelmann et al., 2021), or use those 
that are less effective (Fryer and Vermunt, 2018). Consistent with these 
findings, Lawson et al. (2019) suggested that pre-service teachers may 
not be aware of the effectiveness of their SRL strategies and, thus, do 
not use them or may interrupt their strategy use too early.

Regarding SRL strategy use, successful learners utilize effective 
learning strategies to achieve their goals (Perry et al., 2018), using not 
more but more varied SRL strategies than less successful learners 
(Nandagopal and Ericsson, 2012). Increased strategy use results in 
deeper information processing and more effective learning. In a study 
with 366 pre-service teachers, Vosniadou et al. (2021) found a positive 
relationship between cognitive and metacognitive strategies and 
academic achievement. Furthermore, there is evidence that pre-service 
teachers use few SRL strategies to manage their learning (De Bruin 
and van Merriënboer, 2017).

Pre-service teachers play a crucial role in supporting their students’ 
SRL, but they need to possess the skills necessary to promote this 
construct among their students. As teachers, they can aid students’ SRL 
development in various ways, including creating challenging 
assignments, granting independence in decision-making, or providing 
opportunities for self-evaluation (Dignath and Veenman, 2021). 
Pre-service teachers not only impart knowledge directly to their 
students but also serve as role models who use SRL strategies themselves 
(Peeters et al., 2014). This makes them essential for helping students 
acquire declarative SRL knowledge and learn how to use SRL strategies 
effectively. According to Buzza and Allinotte (2013), pre-service 
teachers who possess good SRL skills are more likely to understand the 
concepts related to promoting SRL. In addition, Gordon et al. (2007) 
showed that teachers who have good SRL skills are more likely to create 
a classroom environment that supports their students’ SRL by 
encouraging mastery-oriented learning. Therefore, promoting SRL 
among pre-service teachers is crucial for developing their teaching 
skills and modeling SRL to their students as early as possible.

2.2 Digital learning environments

Digital learning environments provide different formats for 
conveying knowledge. Their lack of physical encounters magnifies the 
important role of communication. Learning can involve distinguishing 

between synchronous and asynchronous communication. The real-
time interaction of the instructor with the learners characterizes 
synchronous communication (Alhazbi and Hasan, 2021; Amiti, 2020; 
Shahabadi and Uplane, 2015). Synchronous technologies, e.g., video 
conference or live chat, enable carrying out this purpose (Giesbers 
et al., 2014; Watts, 2016), facilitating online instruction and learner-
oriented interaction (Shahabadi and Uplane, 2015). Conversely, 
asynchronous communication occurs independent of time, enabling 
non-simultaneous participation of the instructor and the learners 
(Amiti, 2020). The instructor prepares educational material, and 
communication occurs via asynchronous technologies, such as 
discussion boards, email, or assessments (Alhazbi and Hasan, 2021; 
Reese, 2015; Watts, 2016). Both communication methods offer 
advantages that the next section discusses.

2.2.1 Synchronous digital learning environments
In synchronous digital learning environments, a direct interaction 

between instructor, learner, and peers occurs. This causes a feeling of 
collaboration and increases the information flow in the team 
(Hrastinski et  al., 2010). The learners feel less isolated from the 
instructor and their peers (Amiti, 2020; Francescucci and Rohani, 
2019), leading to increased individual participation and more intense 
interaction (Hrastinski, 2008). This allows for instant feedback among 
learners and teachers, which may leave less time for reflection but does 
allow for direct correction of misconceptions (Giesbers et al., 2014). 
In her literature review, Watts (2016) summarized 24 papers and 
concluded that synchronous online interactions positively impacted 
students’ engagement in an online learning environment, due to 
instant feedback and interaction. Despite high-level social interaction 
in synchronous learning environments, introverted students may 
participate more because they feel comfortable and less stressed, due 
to the spatial distance (Amiti, 2020). Communication in synchronous 
learning environments is faster and more convenient than in 
asynchronous digital learning environments. A study by Oztok et al. 
(2013) examined both synchronous chats and asynchronous forums, 
with 222 university students from a Canadian university. The research 
found that synchronous messages tend to be shorter, contain more 
social language, and are easier to read than asynchronous messages. 
Synchronous learning is well-suited for group projects since 
synchronous tools offer a high level of media richness that facilitates 
a deeper learning process (Rockinson-Szapkiw and Wendt, 2015). 
Additionally, synchronous communication is suitable for socializing, 
organizing activities, and discussing less complex tasks (Duncan 
et al., 2012).

2.2.2 Asynchronous digital learning environments
In asynchronous learning environments, learning is time-

independent, which benefits students with different learning paces 
and strategies (Kim et al., 2018; So, 2016). Students must manage their 
learning but can work at their own pace (Broadbent and Poon, 2015). 
Asynchronous communication leads to increased engagement with 
the learning material (Alhazbi and Hasan, 2021; Watts, 2016) because 
learners have more time available for interacting with, processing, and 
reflecting on the learning content (Lucas et al., 2014). For example, the 
ability to pause video lectures reduces cognitive load and leads to 
deeper processing of the material, due to increased time on task 
(Nieuwoudt, 2020). Asynchronous messages in a digital learning space 
use more academic language and are longer than private synchronous 
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messages, providing increased opportunities for peer interaction due 
to more reflective content (Oztok et al., 2013). More time spent on 
writing longer messages encourages reflection as well as the 
presentation of complex issues (Hrastinski et al., 2010). Researchers 
suggest using asynchronous interactions for group work, particularly 
when complex content requires reflection before posting (Griffiths 
and Graham, 2010; Watts, 2016). A study by Hrastinski (2008) 
examined the learning outcomes of Swedish and Argentinian students 
in two synchronous and two asynchronous learning environments. 
The researcher conducted the study over four weeks and focused on 
the topic of knowledge management. The study found that 
asynchronous learning environments led to increased cognitive 
participation. When students have time to reflect on a problem and 
construct their response instead of giving a spontaneous answer, they 
can engage in critical thinking and produce better-quality responses, 
resulting in higher cognitive achievement than synchronous learning 
produces (Ogbonna et al., 2019). Given that asynchronous learning 
involves less personal interaction with peers and does not require 
spontaneous reactions, this type of communication could especially 
suit introverted or shy learners (Amiti, 2020).

To summarize, both synchronous and asynchronous learning 
environments can promote learning but require different learning 
strategies (Shahabadi and Uplane, 2015) and the ability to self-regulate 
the learning process.

2.3 Self-regulated learning in digital 
learning environments

SRL plays an important role when it comes to learning in 
synchronous or asynchronous digital environments and can be seen 
twofold: On the one hand, SRL is an essential prerequisite for 
successful learning in digital learning environments, on the other 
hand, relevant research indicates that SRL is a fosterable skill in 
university students (Theobald, 2021). The next chapters provide an 
overview of SRL double role for learning in digital 
learning environments.

2.3.1 SRL as a prerequisite for learning in digital 
environments

Learning in digital learning environments differs from learning in 
analog settings because the self-contained work on online assignments 
requires students to plan, monitor, and evaluate their learning process. 
Time management, critical thinking, metacognitive strategies, and other 
self-regulating learning processes have proved particularly effective in 
enhancing learning outcomes in those environments (Broadbent and 
Poon, 2015), making SRL essential for successful online learning. Due 
to the high degree of autonomy in digital learning environments, 
learners must independently plan, engage with, and reflect on learning 
material while staying motivated (Barnard-Brak et al., 2010; Broadbent 
and Poon, 2015). Current research findings highlight the importance of 
using SRL strategy in digital learning environments. Highly self-
regulated learners have a greater task completion rate (Ainscough et al., 
2019) and achieve better results in digital learning environments than 
their less self-regulated peers (Ning and Downing, 2015). Therefore, 
SRL is a crucial factor and represents an important prerequisite for 
successful learning in those environments. Due to the context-bound 
nature of SRL, individual differences in motivation and learning strategy 

use can arise between online and traditional learners (Meijs et al., 2019), 
calling for more differentiated view on individual learners, for example 
by using a person-centered approach. Developing a research approach 
toward a person-centered examination of SRL has occurred by analyzing 
subgroups of persons with different SRL profiles, to gain insight into 
different behaviors during learning (Broadbent and Fuller-Tyszkiewicz, 
2018). This approach involves cluster or latent profile analysis (LPA) to 
categorize learners into definite subgroups.

2.3.2 SRL as improvable competence for learning 
in digital environments

Given the positive correlation between SRL and online academic 
performance (Cheng et al., 2023), its development among students as 
early as possible is essential. Teaching pre-service teachers how to 
teach SRL strategies to their students in the classroom can achieve 
this. While digital learning environments generally demand SRL, they 
also provide an opportunity to promote SRL knowledge and SRL 
strategy use (Zheng, 2016). This is possible through a direct approach, 
by explicitly presenting learners with specific SRL strategies, or 
indirectly, by using digital learning environments that require learners 
to use SRL strategies but that do not encompass explicit training 
(Dignath and Veenman, 2021).

E-learning environments, as a type of digital learning 
environment, are “instruction that is delivered via a digital device that 
is intended to promote learning” (Clark and Mayer, 2016, p.  7), 
suitable for both direct and indirect promotion of SRL. However, 
research indicates that the implementation of SRL training can achieve 
higher-level academic achievement and an increase in student SRL 
strategy use (Kramarski and Michalsky, 2010). Even if the 
implementation of most SRL training occurs in analog learning 
environments, evidence for the promotion of SRL in digital learning 
environments is growing. The most common SRL training approach 
is the direct conveyance of SRL strategies.

Two direct SRL e-learning trainings for students were conducted 
by van der Beek et al. (2020) and Bellhäuser et al. (2016), strengthening 
the findings that SRL is promotable via e-learning and classroom 
seminars are comparably effective in promoting SRL. The presented 
studies obtained promising results in terms of course performance, 
knowledge of SRL, and its use, implying the promotability of SRL 
within direct e-learning environments. However, the studies largely 
neglect the student teachers target group, despite their important role 
as multipliers of SRL knowledge and strategy use. Alkhasawnh and 
Alqahtani (2019) provided direct SRL training to n = 70 education 
students from Saudi Arabia. They implemented an e-learning course, 
with SRL strategies for the experimental group and without SRL 
strategies for the control group. In comparison to the control group, 
the findings indicated an increase of SRL and course performance in 
the experimental group. Dörrenbächer-Ulrich et  al. (2019) used 
e-learning training to directly promote SRL among n = 57 pre-service 
teachers and revealed an increase of SRL traits, especially in the 
motivational subscale, as well as increased SRL knowledge in the 
experimental condition.

2.4 Individual differences in SRL

The SRL person-centered approach to detect individual differences 
is relatively new, resulting in only a few studies on the topic and 
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ambiguous findings (Ainscough et al., 2019). For instance, researchers 
have found different numbers of SRL profiles among university 
students but only a few studies exist that focus on pre-service teachers 
as a target group:

A two-profile solution with competent and less competent self-
regulated learners was revealed by Huang et al. (2021) with n = 68 
pre-service teachers from an educational college in the United States, 
who were using an intelligent web browser to design technology 
lessons. The findings showed that competent learners were superior 
regarding the quality of designing good lessons.

A three-profile solution was found most often in the current 
literature for university students (Ainscough et al., 2019; Esnaashari 
et al., 2023; Lin et al., 2021). The profiles included students using many 
SRL strategies, referred to as a high SRL profile, students using a 
medium number of SRL strategies (medium SRL profile), and students 
using few SRL strategies (low SRL profile). For preservice teachers, a 
three-profile solution could be confirmed by Heikkilä et al. (2012) and 
Muwonge et al. (2020).

A four-profile solution was indicated for university students from 
Great Britain (Araka et al., 2022), Germany (Dörrenbächer and Perels, 
2016), and the United States (Schwam et al., 2020). At one end of the 
range were “exemplary” students as well as “good self-regulators” and 
students with the profile “poor self-regulators” on the other end. 
Students with average SRL scores were located in the middle of the 
range. Unlike Araka et  al. (2022), Schwam et  al. (2020), and 
Dörrenbächer and Perels (2016) found an SRL profile that they labeled 
“conflicting SRL.” These students showed high scores on some 
subscales (e.g., self-efficacy) but low scores on other subscales (e.g., 
time-planning) related to SRL.

A five-profile solution was found by Barnard-Brak et al. (2010) in 
a sample of n = 279 university students in the USA. The analyses 
revealed that the minimal self-regulators had the lowest GPAs, and 
competent self-regulators had the highest.

The presented findings illustrate different numbers of profiles, 
based on SRL for university students and pre-service teachers, making 
a specific decision on the exact number of profiles difficult. The 
examination of SRL profiles offers insight into learners’ prerequisites, 
enabling a categorization of SRL competencies. This offers the 
possibility of promoting a lack of competencies for students with low 
SRL profiles or adapting learning environments to students with 
already high-level SRL skills. Furthermore, the SRL profiles provide a 
more differentiated view of students learning. For example, there 
could be  students who are very motivated but lack the use of 
metacognitive strategies which could not be revealed in generalized 
SRL measures.

2.5 The present study

The aforementioned findings show that SRL is a prerequisite for 
learning in digital environments and, simultaneously, a competency 
that can be  improved in digital learning environments. However, 
knowledge about learners’ individual differences in SRL is still sparse 
and studies analyzing students’ SRL profiles provide different numbers 
of profiles and neglect the special target group of pre-service teachers, 
raising the need for further investigation. Moreover, the examination 
of SRL’s promotability due to individual preferences in synchronous 
and asynchronous learning environments needs further research.

Therefore, the present study examines the following three 
research questions:

 1. Are there different SRL profiles for pre-service teachers and if 
so, how many?

 2. How does an SRL training affect pre-service teachers with 
different SRL profiles?

 3. What are the differences between synchronous and 
asynchronous learning environments regarding the 
effectiveness of SRL training for the different SRL profiles?

To examine the research questions, SRL profiles are deduced, 
based on the participants’ SRL scores divided into cognitive, 
metacognitive, and motivational SRL components. In the second step, 
the training effectiveness, represented by increased SRL knowledge 
and strategy use, is investigated, based on the profiles. Finally, the 
study examines the influence of the different communication styles 
(synchronous, asynchronous) on the training effectiveness, depending 
on the SRL profile.

3 Materials and methods

3.1 Sample

The study involved N = 145 pre-service teachers from a university 
in southwestern Germany. Four participants were excluded from the 
final sample, due to numerous missing values in the pretest, leaving a 
total of n = 141 participants. The participants were between 20 and 
49 years old, with an average age of M = 24.24 years (SD = 4.50). On 
average, the participating students were in their seventh semester of 
studies (SD = 2.09). Most participants identified as female (n = 102), 
n = 37 identified as male, and one participant reported a diverse 
gender identity. One person did not provide gender 
identity information.

3.2 Procedure

The study was conducted following the Declaration of Helsinki, 
no institutional approval was necessary by local law. We conducted a 
quasi-experimental study using a pre-post design with two different 
training conditions—asynchronous e-learning and a synchronous 
online seminar. Time (pretest and posttest) was measured as a within-
subject factor, while training condition was measured as a between-
subject factor. We  selected the two groups from preexisting 
compulsory courses in educational science. Each course (n = 11) was 
randomly assigned to one of the two training conditions, though a 
randomized assignment of single participants was not possible. Thus, 
we assigned six courses to the asynchronous e-learning condition 
(n = 90), and five courses to the synchronous online seminar condition 
(n = 51). At the start of each course session, a digital online survey was 
conducted to collect pretest measurements and, after 6 weeks 
we conducted posttest measurements. Both questionnaires took about 
15–20 min to complete, and participation was voluntary and unpaid. 
All participants confirmed their participation by informed consent, 
and their data was anonymized using individualized codes. During 
the six-week period between the measurements, the participants in 
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the two conditions gained knowledge about SRL and the use of SRL 
strategies. The participants in the asynchronous e-learning condition 
received knowledge through an online platform, while the participants 
in the synchronous online seminar condition received theoretical 
input and exercises during weekly online classroom sessions led by a 
course teacher. The content was identical in both conditions; the only 
difference was the learning environment in which it was presented.

3.3 Intervention

The SRL training intervention occupied a period of 6 weeks in two 
learning environments, namely, asynchronous e-learning and a 
synchronous online seminar. Zimmerman (2000) SRL model provided 
the basis for the training content and materials. Their positive impact 
on SRL had been evaluated in an analog training program (anonymous 
authors). To ensure the attribution of the effects to the different 
learning environments, the same learning content was used in both 
conditions. Thus, all learning environments covered the whole SRL 
process with forethought, performance, and reflection phases. Specific 
SRL strategies became six modules in the e-learning environment and 
six online sessions in the synchronous online seminar. More detailed 
information appears in Table 1.

3.3.1 Synchronous online seminar
A trained instructor led the weekly synchronous online seminar 

using MS Teams. Each session had an equivalent structure and aimed 
at improving one specific SRL strategy at a time. The forethought 
phase covered sessions one to three. In session one, Zimmerman 
(2000) SRL model, its phases, and the topic “goal setting” were 
introduced to the students. The instructor provided theoretical input 
on goal definition, the SMART method (Doran, 1981), and goal 
orientation. After receiving the theoretical content, students 
completed digital worksheets referring to the presented theoretical 
input by working on their own or in groups. All worksheets were in 
PDF format and could be filled out digitally. For example, one of the 
exercises involved using the SMART method (Doran, 1981) to set 
goals. The second session covered the topic “time management” and 
provided such strategies as the ALPEN method (Seiwert, 2006) for 
organizing all the tasks of the day in five steps: Write down tasks, 
estimate their length, plan buffer time, make decisions, and follow-up 
on goal achievement. During this session, participants analyzed their 
daily behaviors and created a personalized weekly schedule based on 
their findings. The main topic of session three was “self-efficacy and 
self-motivation.” Participants learned about procrastination and 

self-efficacy. They acquired knowledge about different self-motivation 
strategies, such as creating the feeling of success or finding a personal 
benefit in doing required work. Participants utilized worksheets to rate 
their preferred self-motivation techniques. Additionally, they ran a 
personal self-experiment to observe the physical effects of self-efficacy 
on their own bodies.

The performance phase occupied sessions four and five. In session 
four, the topic was “stress and concentration.” Participants were taught 
about the SORK Model (Kanfer and Saslow, 1969), which explains 
how stress develops. Strategies to reduce stress were discussed, 
including progressive muscle relaxation and cognitive reframing. The 
session further covered activities to improve concentration. 
Worksheets guided participants in relaxation and concentration 
exercises, on their own or with a partner. During session five, which 
focused on learning strategies, the instructor presented the method of 
Loci and the technique of mind-mapping. Participants had the chance 
to practice these strategies through various exercises and worksheets 
provided during the session.

The reflection phase was the subject in session six, focusing on 
“self-reflection and causal attribution.” The theoretical content 
included information about causal attribution theory, along with the 
benefits and disadvantages of self-reflection. In this session, 
worksheets were used to explore participants’ own attributional 
patterns and reference norm orientation.

3.3.2 Asynchronous e-learning environment
The e-learning environment was implemented as a digital online 

course via the learning platform Moodle, with the experimenter 
enrolling participants. The course comprised six modules presented in 
blocks, and participants had a six-week period in which to complete it. 
It was possible to finish the course faster. The modules were structured 
in a fixed order, with access to the subsequent module only granted after 
completion of the exercises in the previous module. The content was 
similar to that of the synchronous online seminar condition, to enable 
comparability. All theoretical content appeared as digital text in different 
chapters. All worksheets were also provided in fillable PDF format and, 
upon completion, uploaded on Moodle to finish the exercise.

To summarize, both learning environments used the same 
learning material but differed in the presence of a course teacher (yes/
no) and the communication style (seminar = synchronous, 
e-learning = asynchronous) for learning.

3.4 Measurement instruments

To comprise all relevant information for predicting student 
profiles, the self-reported use of SRL strategies was assessed. To 
examine the impact on the training gains, we  also assessed 
participants’ declarative SRL knowledge.

The self-reported use of SRL strategies was measured with the SRL 
questionnaire by Dörrenbächer and Perels (2016) containing 56 items 
and covering all three phases (forethought, performance, reflection) 
of Zimmerman’s SRL model (2000). Thus, the instrument covered the 
complete cyclic SRL process. The questionnaire provided an overall 
score as well as subscale scores for the different components of SRL, 
examining cognitive, metacognitive, and motivational SRL strategies, 
produced using a four-point Likert scale (1 = “totally disagree,” 
4 = “totally agree”). As Table 2 shows, a high level of reliability for the 
overall scale as well as the motivational and metacognitive component, 

TABLE 1 Overview of the training topics and their classification into 
different SRL phases and components.

SRL phase Topic Component

Forethought Goal setting Metacognitive

Time management Metacognitive

Self-efficacy and self-motivation Motivational

Performance
Stress and concentration Motivational

Learning strategies Cognitive

Reflection Self-reflection and causal attribution
Metacognitive / 

Motivational
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and acceptable reliability for the cognitive component was achieved 
in the current sample.

To determine whether participants experienced an increase in 
declarative SRL knowledge, a knowledge test consisting of 10 open-
ended questions, answerable with the course content, was used. For 
example, the questions covered Zimmerman’s SRL model structure: 
“Between which three phases does Zimmerman (2000) differentiate 
in his model of self-regulation?” or causal attribution theory: “Name 
dimensions which can apply to causal attribution.” A total of 28 points 
was possible, and a research assistant coded all answers, using a 
standard sample solution to determine the score for each answer.

3.5 Data analysis

To prepare the following calculations, the data set was checked for 
outliers, resulting in the exclusion of three persons from the analyses, 
due to repetitive and implausible answer patterns. Thus, the analyses 
used a final sample of n = 138 participants.

(1) To address the first research question, an LPA (Vermunt and 
Magdison, 2004) was conducted with MPlus 8.8 (Muthén and Muthén, 
2017), to identify an ideal number of profiles based on the scores of 
the questionnaire’s SRL component subscales. The aim of the LPA was 
to classify pre-service teachers with similar cognitive, metacognitive, 
and motivational strategies into homogeneous groups that differ 
maximally from each other. Following the approach by Ferguson et al. 
(2020), various models, including different numbers of classes were 
compared regarding their model fit. The number of classes was 
examined exploratorily by comparing models until the model with 
k + 1 classes did not lead to a significant improvement of the model 
fit. The LPA was conducted with the Robust Maximum Likelihood 
Estimator and the Full Information Maximum Likelihood algorithm, 
to deal with missing data. To avoid local maxima, we  used 100 
solutions for stage optimization, 2,000 random starts, and 20 
iterations. The fit of the competing models was determined by using 
adequate statistical fit indices, namely, the Bayesian Information 
Criterion (BIC), the Akaike Information Criterion (AIC), and the Lo–
Mendell–Rubin Test (LMRT), together with entropy (E) as an 
indicator for classification accuracy (Marsh et al., 2009). Lower values 
of the BIC and AIC represent a better model fit. The LMRT compares 
the current model with a k-1 class model. A significant p-value 
indicates a better fit than the model with k-1 classes. Entropy should 
be above the threshold of 0.80 to ensure a satisfactory classification of 
persons into different groups (Asparouhov and Muthén, 2014). In 

addition, we considered the theoretical congruity and the number of 
assigned participants to each profile. Representative profiles can only 
be classified if more than 5% of the sample falls into them (Masyn, 
2013). The classifications were transferred to IBM SPSS (version 
28.0.1). Next, we validated the profiles by examining differences in 
SRL in the pretest, which were (as expected, due to the LPA) 
statistically significant.

(2) and (3): To investigate the second and third research questions, 
ANOVAs with post-hoc comparisons were used to analyze possible 
differences regarding the training gains for SRL strategy use and 
declarative SRL knowledge in the different learning environments.

4 Results

Descriptive results and correlations regarding all relevant variables 
appear in Table  3. Our findings indicate moderate-to-strong 
correlations among the SRL subscales but no correlation between SRL 
strategy use and declarative SRL knowledge.

4.1 Research question 1: pre-service 
teachers’ SRL profiles

The results of the LPA support a three-class solution. For the 
two-class solution, the entropy was above the threshold of 0.80, and it 
showed the highest AIC value, compared to the other models. The 
four-class solution showed a slight increase in the BIC and a decrease 
in the AIC, compared to the three-class solution. Both models had the 
same classification accuracy, but the LMRT p-value was significant for 
the three-class solution and not for the four-class solution. The five-
class and six-class solutions showed slightly lower AIC values but 
higher BIC values than the three-class solution. The p-value was not 
significant for both models, indicating that the three-class solution 
showed the best fit to the data. The fit indices for all estimated models 
appear in Table 4.

Profile 1 included seven participants (5%), forming the smallest 
profile group of participants with low values on all SRL components. 
Therefore, we labeled the group “low SRL.” Profile 2 comprised 51 
participants (37%), and we labeled it “high SRL” because this second 
group demonstrated high values on all three SRL components. Finally, 
most of the participants (58%) were assigned to Profile 3, showing 
moderate values in the motivational component and low values in the 
cognitive and metacognitive components. Profile 3 scored much 

TABLE 2 Overview of the instruments used and their reliability.

Scale Number of items Example Reliability (Cronbach’s α)

SRL strategy use (overall) 56 “During learning for the course, I pay attention to a schedule.” 0.93

SRL, cognitive component 6
“During learning for the course, I collect information from 

different sources.”
0.61

SRL, motivational component 27 “Even if the course is difficult, I know that I can pass.” 0.82

SRL, metacognitive component 23
“During learning for the course, I reflect on whether my 

actions are reasonable.”
0.92

Declarative SRL knowledge 10
“Between which three phases does Zimmerman (2000) 

differentiate in his model of self-regulation?”
-

SRL = self-regulated learning.
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higher on all components than Profile 1, so we labeled it “moderate 
SRL.” Table 5 displays the descriptive statistics for the three profiles 
regarding the examined SRL components. To validate the profiles, 
isolated univariate ANOVAs were conducted with each SRL 
component as a dependent variable and the profiles as an independent 
variable. As expected, due to the LPA, the findings indicated significant 
differences between all three profiles regarding all SRL components, 
with all Scheffé p-values <0.001. There were no significant differences 
between the profiles regarding declarative SRL knowledge before the 
intervention (F (2,135) = 2.26, p = 0.109, η2 = 0.03).

To facilitate the interpretation of the findings, we converted the 
means into z-scores. This standardization enables a comparison of 
relative divergences between the profiles, in which z-scores larger than 
0.5 and smaller than-0.5 are interpreted as extreme values (Liu et al., 
2014). A profile plot based on the z-scores appears in Figure 1.

4.2 Research question 2 and 3: differential 
training effects regarding self-reported SRL 
strategy use and declarative SRL 
knowledge

To explore whether there are differences in SRL profiles in relation 
to self-reported use of SRL strategies and SRL knowledge after the 

intervention and to examine whether the learning environment 
influences learning performance, we  conducted two 2 (pretest-
posttest)*2(e-learning-online seminar)*3 (profiles) ANOVAs. The 
profiles and training conditions (asynchronous e-learning, 
synchronous online seminar) were used as between-subjects factors, 
time (pretest/posttest) was used as a within-subjects factor, while the 
SRL strategy use and the SRL knowledge separately were the 
dependent variables. Table 6 shows the means and standard deviations.

For SRL strategy use, results indicate a significant interaction of 
time*profile, F (2,112) = 5.35, p = 0.006, η2 = 0.10, hinting at different 
training gains depending on the profile. Scheffé post-hoc comparisons 
revealed significant differences between all profiles (p < 0.001). There 
was no significant interaction of time*condition, F (1,112) = 0.02, 
p = 0.896, and no three-way interaction of time*condition*profile, F 
(2,112) = 0.13, p = 0.883. Figure  2 visualizes the change in self-
reported SRL strategy use means after the intervention.

To further analyze the training gains of the different profiles, 
we conducted Wilcoxon-tests, with the profile as independent variable 
and the SRL strategy use as the dependent variable. The histograms of 
difference scores were visually inspected and showed a symmetrical 
distribution of values for all three profiles, confirming the 
requirements for the test. For the low SRL profile, z = 2.03, p = 0.043, 
and the moderate SRL profile, z = −3.09, p = 0.002, the SRL strategy 
use increased significantly. For the high SRL profile, z = −0.15, 

TABLE 3 Correlations, means, and standard deviations of the examined variables for the pretest.

1 2 3 4 5

SRL questionnaire 1. Overall – 0.70** 0.91** 0.59** 0.11

2. Cognitive – 0.59** 0.34** 0.03

3. Metacognitive – 0.45** 0.14

4. Motivational – 0.10

SRL knowledge test 5. Declarative SRL knowledge –

M 2.85 2.58 2.85 3.02 5.20

SD 0.32 0.45 0.43 0.32 5.36

** = p < 0.001, M = mean, SD = standard deviation, range questionnaire 0–4, range knowledge test 0–28.

TABLE 4 Fit indices for all estimated models.

Classes df BIC AIC Entropy LMRT (p-value)

2 10 340.05 310.78 0.73 <0.001

3 14 320.49 279.51 0.84 <0.001

4 18 326.41 273.72 0.84 0.108

5 22 338.76 274.36 0.87 0.368

6 26 351.80 275.70 0.86 0.816

df, Degrees of freedom; BIC, Bayesian Information Criterion; AIC, Akaike Information Criterion; LMRT, Lo–Mendell–Rubin Test.

TABLE 5 Characteristics of the three SRL profiles and the validation results.

Low SRL (n = 7) M 
(SD)

Moderate SRL (n = 80) M 
(SD)

High SRL (n = 51) M 
(SD)

F (2,135)

Cognitive component 1.80 (0.30) 2.40 (0.30) 2.98 (0.30) 101.15**

Metacognitive component 1.97 (0.28) 2.70 (0.28) 3.22 (0.28) 94.30**

Motivational component 2.40 (0.22) 2.82 (0.22) 3.14 (0.22) 61.09**

Standard deviations are in brackets, n = sample size, ** p < 0.001.
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p = 0.882, there was no significant increase in strategy use after 
the intervention.

For the declarative SRL knowledge, results reveal a significant 
main effect of time (F (1,112) = 62.78, p < 0.001, η2 = 0.36). No 
significant time*profile interaction was found (F (2,112) = 0.14, 

p = 0.869, η2 = 0.00), indicating a similar training effect independent 
of the profile. All profiles increased their declarative SRL knowledge 
statistically significant after the intervention. Figure 3 visualizes the 
change in declarative SRL knowledge means. The results also indicate 
a significant interaction of time*condition, F (1,112) = 4.46, p = 0.037, 

FIGURE 1

Z-values characterizing the three different SRL profiles.

TABLE 6 Descriptive statistics for SRL strategy use and the declarative SRL knowledge.

SRL strategy use Declarative SRL knowledge

E-learning Online seminar E-learning Online seminar

Profile n Pre Post Pre Post Pre Post Pre Post

Low 5 2.10 (0.14) 2.43 (0.34) 2.25 (0.05) 2.60 (0.04) 1.40 (2.61) 11.00 (10.05) 3.00 (1.41) 8.00 (11.31)

High 26 3.19 (0.17) 3.17 (0.27) 3.16 (0.22) 3.15 (0.24) 6.21 (5.48) 16.84 (5.11) 5.75 (6.32) 12.78 (9.95)

Moderate 50 2.74 (0.15) 2.84 (0.29) 2.66 (0.15) 2.71 (0.29) 4.31 (4.50) 15.72 (7.62) 5.37 (6.40) 11.66 (8.72)

Means are shown, standard deviations are in brackets. Range SRL Strategy Use 1–4, Range Declarative SRL Knowledge Test 0–28.

FIGURE 2

SRL strategy use means and their progression after the intervention.
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η2 = 0.04, hinting at different training gains depending on the 
condition. The e-learning condition increased their declarative 
knowledge more than the seminar condition. There was no significant 
three-way interaction of time*condition*profile, F (2,112) = 0.15, 
p = 0.864, η2 = 0.00.

5 Discussion

The aim of the present study was to examine how the individual 
SRL characteristics of pre-service teachers influence the effectiveness 
of two digital learning environments—an asynchronous e-learning 
environment and a synchronous online seminar—by applying a 
person-oriented approach. Furthermore, we  compared the two 
different communication styles (synchronous and asynchronous) 
regarding self-reported SRL strategy use and SRL knowledge.

5.1 Pre-service teachers’ SRL profiles

The first research question examined the number of different SRL 
profiles of pre-service teachers. The results indicate a three-class 
solution, revealing a low, a moderate, and a high SRL profile. This is 
in accordance with the findings by Ainscough et al. (2019), Chen et al. 
(2023), Esnaashari et al. (2023), and Muwonge et al. (2020), who also 
revealed a three-profile solution for SRL with low, moderate, and high 
specifications. In our sample, the low-profile group was the smallest 
group. Most persons were categorized into the moderate profile. For 
both the moderate-and the low-profile groups, the motivational 
component is particularly emphasized, but the profiles differ most 
regarding the cognitive and metacognitive components. This is in 
accordance with the findings by Veenman et al. (2006) and Hirt et al. 
(2021), revealing that persons with low SRL also use fewer cognitive 
strategies, and persons with high SRL use more cognitive and 
metacognitive strategies. It must be  mentioned that our sample 
included significantly more female than male participants, reflecting 
the current gender distribution in teacher education (Katsarova, 

2020). Although females and males only marginally differ in their SRL 
(Virtanen and Nevgi, 2010), this could have influenced the distribution 
of the profiles. Because of a small advantage of females regarding SRL 
strategies, the number of high and medium profiles could be slightly 
overestimated due to the smaller number of males in the sample. The 
findings strengthen the need for SRL training for pre-service teachers 
because more than 60% of the participants were categorized with a low 
or medium SRL profile, revealing room for improvement.

5.2 Differential training effects regarding 
self-reported SRL strategy use and 
declarative SRL knowledge

The second research question investigated whether an SRL 
training has a different effect on pre-service teachers with different 
SRL profiles. The results indicate a significant (self-reported) increase 
in SRL strategy use for the low and moderate profiles after the training, 
but not for the high SRL profile. Thus, the training seems to 
be especially effective for persons included in the low profile; they 
made the highest gains in SRL strategy use, leading to an 
approximation of the moderate profile in terms of a compensation 
effect. This is in line with Esnaashari et al. (2023) who conducted a 
12-week blended learning course which led to an increase in SRL 
strategy use among university students with a low SRL profile. The 
students categorized with a low SRL profile had similar levels of SRL 
strategy use as those with average SRL profiles after the course. In 
contrast to the present study, Dörrenbächer and Perels (2016) found 
that moderate SRL profile students benefited more from an eight-
week training intervention than low or high-profile students, 
demonstrating a compensation effect as well for students with a 
moderate SRL profile.

All profiles increased their declarative SRL knowledge significantly 
after the intervention, whereupon the low profile achieved scores far 
below the moderate-and high-profile groups. Despite a strong 
knowledge increase in all groups, persons in the low-profile group still 
scored less than half of the possible points in the declarative knowledge 

FIGURE 3

Declarative SRL knowledge means and their progression after the intervention.
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test (35%) whereas the moderate-and high-profile groups reached 
50% correct answers. This result confirms the training’s effectiveness 
but also reveals that the participants could not use the whole training 
content to increase their declarative SRL knowledge. One reason for 
this could have been the training duration. The six weeks could have 
been too short for the dense amount of knowledge we presented to 
participants. This is in line with the meta-analysis by Chen (2022), 
who strengthens the assumption that students need appropriate time 
to master self-regulation skills, especially when the interventions are 
conducted in the field.

Another reason could be  the fit of the questions and training 
content. Information provided in the training could have answered all 
questions; however, the sheer amount of the information could have 
prevented processing it deeply enough. According to the theory of 
multimedia learning by Mayer (2005), this could have led to a high 
cognitive load during learning. In future learning environments, 
important information should be highlighted visually.

The participants’ motivation to participate and their interest in the 
topic could also be a cause for the results. Students with motivated SRL 
profiles tend to have higher academic achievement and study 
intentions compared to students with non-motivated SRL profiles 
(Broadbent and Fuller-Tyszkiewicz, 2018). The study was carried out 
in different compulsory elective courses, which may have caused low 
motivation and interest in some participants, restricting maximum 
training gains.

Interestingly, the declarative SRL knowledge did not correlate with 
the self-reported SRL scales, suggesting a discrepancy between SRL 
knowledge and self-reported SRL strategy use (Dörrenbächer-Ulrich 
et al., 2021). In our sample, high-level SRL knowledge does not imply 
high-level use of SRL. It could be possible that persons with high-level 
SRL knowledge also use many SRL strategies but are unaware of using 
them and, therefore, cannot report it on a questionnaire.

5.3 Differences regarding asynchronous 
and synchronous learning environments

Our third research question referred to the differences between 
synchronous and asynchronous learning environments regarding SRL 
training. For SRL strategy use, there was no significant time*condition 
interaction, indicating no differences between asynchronous and 
synchronous learning environments regarding SRL strategy use after 
the training. The participants in both conditions increased their 
strategy use, indicating that both communication types are sufficient 
to support SRL strategy training and that in our sample, SRL strategy 
use does not depend on whether a course teacher is present.

Concerning declarative SRL knowledge, the results indicated a 
significant time*condition interaction. In our sample, participants in 
the asynchronous e-learning condition showed higher training gains 
than students in the seminar condition, independent of the 
participants’ respective profiles. One cause for this could be that the 
students had more time to reflect on the material in the asynchronous 
e-learning environment, which led to more interaction with the 
material and, hence, deeper processing of information than in the 
synchronous seminar condition (Lucas et al., 2014). Regarding SRL 
knowledge acquisition, the communication style seems to play a 
significant role. Given that SRL knowledge is a comprehensive and 

complex topic, the results suggest asynchronous environments as 
more adequate for teaching this topic. The automated feedback in the 
asynchronous e-learning environment seems sufficient to increase 
declarative SRL knowledge in our sample without actively involving a 
course teacher. This could be caused by the complexity of the learning 
content and the profile distribution. In our sample, the participants 
were able to cope with the information and exercises provided 
successfully, indicating a reasonable difficulty in the tasks. Because 
only seven persons were categorized in the low SRL profile, the SRL 
skills in the sample were high enough to learn without a course 
teacher. For future studies, it would be  interesting to investigate 
whether a course teacher has a positive effect when applying a more 
complex task.

5.4 Limitations

Although the study expands previous knowledge on individual 
learner characteristics of pre-service teachers and their impact on SRL 
training using differing digital learning environments, there are 
several limitations that need to be addressed.

One limiting factor is the e-learning environment. Although the 
students had 6 weeks to complete the e-learning course, faster 
completion was possible. Some students may have finished the course 
early; some learners procrastinated and binge-learned the entire 
content within the last days of the available time. The assessment only 
registered course completion, not how much time the participants 
spent in the course to completion. Furthermore, a task was considered 
completed if the corresponding material was uploaded to Moodle. The 
assignments were checked visually for reasonable sentences and 
paragraphs, to prevent cheating on the completion, but the content 
was not checked for adequacy. This leaves the possibility that learners 
may have worked on the tasks superficially. Another limiting factor 
was methodological issues. The sample size is rather small for 
conducting an LPA. Spurk et al. (2020) recommended at least 500 
participants for an accurate categorization in the LPA—difficult to 
realize—and called for further investigations with a larger sample. 
Moreover, the gender distribution in the sample causes a limitation of 
the study. There are significantly more female than male participants, 
because teaching is still a predominantly female working area with 
72% female teachers in the EU (Katsarova, 2020). In future samples a 
balanced number of females and males would be  desirable. 
Furthermore, the reliability of the cognitive subscale of SRL is 
questionable and could have led to unreliable measurement (van 
Griethuijsen et al., 2015). Moreover, the present findings are based on 
self-report data. It cannot be ruled out that the participants provided 
untrue answers due to social desirability. Another limitation is the 
small number of subjects in Profile 1 (low SRL), which may not 
be  representative of the whole population of pre-service teachers, 
limiting the generalizability of the findings. Due to the small group 
size, an incidental finding of this profile cannot be ruled out Moreover, 
the current study relies on quasi-randomized data of participants from 
different courses at the same university with different course teachers. 
This nested data structure may have impacted the findings and could 
be analyzed using multi-level model analysis. The different course 
teachers worked with the same course material but without a 
calibration with each other which could have caused an instructor 
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bias. It must be mentioned critically that the current approach only 
includes profiles that represent different levels of SRL rather than a 
continuous spectrum, neglecting other specifications of SRL.

5.5 Implications

The presented results illustrate implications for practical 
application and research. Pre-service teachers are crucial in modeling 
strategy use in the classroom for their future students (Peeters et al., 
2014). In order to effectively teach students about using SRL strategies, 
pre-service teachers first need to develop their own SRL skills (Karlen 
et al., 2023). To achieve this, they could undergo adaptive SRL training 
during their studies. This training should be tailored to the individual 
needs of the learners based on their SRL profile and provide adaptive 
learning content. Based on our findings, asynchronous learning 
environments are suitable for declarative SRL knowledge improvement 
and for SRL strategy use, both, synchronous and asynchronous 
learning environments are adequate. Concerning this matter, either 
pure asynchronous learning environments or a combination of 
asynchronous and synchronous learning parts (Giesbers et al., 2014; 
Amiti, 2020) seem reasonable, to promote SRL strategy use and 
declarative SRL knowledge simultaneously. A combined use would 
ensure optimal exploitation of the advantages of both communication 
types. One way of implementing this is to impart declarative SRL 
knowledge to pre-service teachers as early as possible in their studies 
by means of an asynchronous e-learning training environment. 
Subsequently, the application of SRL strategies can be encouraged 
through, for example, a synchronous practical seminar that requires 
SRL strategy use in the classroom. This approach may also help to 
reduce the discrepancy between SRL knowledge and SRL strategy use. 
In the course of this approach, pre-service teachers should also 
be made aware that SRL can enhance students’ academic success and 
that they can facilitate their students’ future learning endeavors.

For future studies, we recommend a longer training period, to 
enable an increase of SRL strategy use or a reduction of training 
content. In addition, utilizing Moodle as a training platform enables 
the generation of log and process data. This can provide a more 
comprehensive understanding of SRL by offering multiple 
measurement points, which allows for the detection of profile 
changes throughout the intervention. Our study contributed to the 
examination of different SRL profiles of pre-service teachers and 
their impact on different digital learning environments. Because 
pre-service teachers are important multiplicators in the classroom 
but are often neglected as a target group, we call for more studies 
regarding pre-service teacher SRL training in different learning 
environments to develop ideal learning opportunities for 
future teachers.

6 Conclusion

The findings of the present study underline the importance of a 
person-centered approach regarding digital learning environments, to 
fulfill pre-service teachers’ individual needs. The results indicate that 
SRL training for pre-service teachers with different SRL profiles is 
effective in general, especially for declarative SRL knowledge, but 

needs further adaptation to support students with already high-level 
SRL skills.
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