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“| saw as a teacher how,

if you take that spark of learning that those children have,
and you ignite it, you can take a child from any background
to a lifetime of creativity and accomplishment.”

— Paul Wellstone, United States Senator from 1991-2002

“Education is the most powerful weapon
which you can use to change the world.”

— Nelson Mandela, South African politician and activist
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Summary

Future teachers can positively impact students' academic performance and future career
success by fostering their future skills early on.

One of these future skills is self-regulated learning, which involves using cognitive,
metacognitive, and motivational learning strategies to reach individual learning goals. When
teaching self-regulation strategies, (future) teachers play a dual role. On the one hand, they act
as self-regulated learners who serve as a model for their students by using these strategies
themselves. On the other hand, they explicitly teach self-regulation strategies to their students
in the classroom, creating learning opportunities that enhance self-regulated learning. To
achieve this in the classroom, pre-service teachers must internalize the use of self-regulation
strategies themselves and need to acquire knowledge of how to support their students’ self-
regulated learning.

Due to the Coronavirus (COVID-19) pandemic, digital learning environments have
experienced an upswing and enable a wide range of applications for knowledge transfer.
Accordingly, they are suitable for providing future teachers with the necessary skills and
knowledge to promote self-regulated learning in their students. However, most digital
learning environments are autonomous and already require self-regulation skills to use them
effectively. While there is already a range of research looking at the effectiveness of digital
learning environments, research into self-regulated learning in this domain, specifically for
pre-service teachers, is still relatively new.

Therefore, this thesis aims to explore the dual role of self-regulated learning as a prerequisite
for learning in digital learning environments and as a competence that digital learning
environments can foster. Moreover, this thesis focuses on the target group of students,
specifically pre-service teachers, in order to explore and promote their education through
digital learning environments.

To use digital learning environments for learning, the technology must first be accepted by the
learners. Based on the Technology Acceptance Model, Study | used a structural equation
model to analyze the extent to which self-regulated learning influences the acceptance of e-
learning and is, therefore, a prerequisite for learning in digital learning environments. The
results show that self-regulated learning is an important factor for the acceptance of e-learning
environments and is, thus, a prerequisite for learning in digital learning environments.

Since self-regulated learning is not only a prerequisite for learning in digital learning

environments but can also be actively promoted by them, Study Il dealt with the needs of pre-
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service teachers in digital learning environments to improve the design of learner-oriented
digital learning environments. However, there is still a lack of knowledge about individual
differences in pre-service teachers' self-regulated learning, which is why latent profile
analyses were used to gain further insights. The results support a three-profile solution for
prospective teachers with low, moderate, and high self-regulation profiles. It was found that
self-regulation training in digital learning environments is effective for prospective teachers
with different self-regulation profiles, especially in terms of declarative knowledge, and
beneficial in terms of strategy use, especially for those belonging to the low profile.

The research landscape has shown that pre-service teachers often have incomplete knowledge
of self-regulated learning and, accordingly, have difficulties in teaching it directly to their
students in the classroom. Since e-learning environments require a high degree of self-
discipline and often have high drop-out rates, Study 111 used the innovative approach of digital
learning games and developed an educational game specifically designed to promote pr-
service teachers’ self-regulated learning. For an educational game to be effective, it must be
highly user-friendly and contribute to a positive user experience. The aim of Study Ill was to
evaluate the usability and user experience of the educational game Regulatia and to identify
the prototype’s strengths and weaknesses. The results indicate that Regulatia is user-friendly
and creates a positive user experience. The graphic design, the narrative, and the type of
knowledge conveyed were identified as strengths. The text design, technical difficulties, and
the scope and complexity of the content were identified as weaknesses.

Future teachers can also indirectly promote their pupils’ self-regulated learning by using
suitable digital learning environments. Digital learning games offer an innovative way to
teach students in the classroom. Previous meta-analyses have shown that digital learning
games can have positive effects on learning at all education levels. However, the research of
previous studies was limited to work conducted up to 2015. In the last five years,
technological development has made rapid progress and opened up new possibilities. Digital
learning games have become more accessible for teachers, and the number of electronic
devices in schools has increased as a result of the digital transformation. Study IV, therefore,
conducted a meta-analysis of the effectiveness of digital learning games in the school context
between 2015 and 2020. In contrast to traditional learning techniques, the Integrated Design
Framework for Playful Learning was used to investigate how well digital learning games
affect cognitive, metacognitive, and affective-motivational learning outcomes. As

metacognitive outcomes have never been investigated before, Study IV extends the research
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to include this factor. The results show that using digital learning games in the classroom
leads to better learning outcomes than conventional methods. A medium effect was found for
cognitive learning outcomes, a small effect for affective-motivational outcomes, and no
statistically significant effect for metacognitive learning outcomes. Furthermore, the effect of
digital learning games was not significantly influenced by confounding, personal, or
environmental moderators.

In summary, the present thesis contributes to research on self-regulated learning as a

prerequisite for digital learning and as a skill that can be fostered in pre-service teachers.
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Zusammenfassung

Zukinftige Lehrkrafte konnen positiv zur schulischen Leistung ihrer Schilerinnen und
Schiler und damit zu einer guten Basis fiur eine spatere erfolgreiche berufliche Laufbahn
beitragen, indem sie frihestmdéglich deren future skills fordern. Einer dieser future skills ist
das Selbstregulierte Lernen, welches den Einsatz kognitiver, metakognitiver und
motivationaler Lernstrategien zur Erreichung individueller Lernziele beinhaltet. Bei der
Vermittlung von Selbstregulationsstrategien nehmen (zukinftige) Lehrkrafte eine Doppelrolle
ein. Zum einen sind sie selbst selbstregulierte Lernende, die durch ihren eigenen
Strategieeinsatz als Modell flr ihre Schilerinnen und Schiler dienen. Zum anderen kénnen
sie ihren Schilerinnen und Schiilern explizit Selbstregulationsstrategien im Unterricht
vermitteln sowie Lerngelegenheiten schaffen, die das Selbstregulierte Lernen starken. Um
dies im Unterricht leisten zu kdnnen, mussen angehende Lehrkrafte selbst den Einsatz von
Selbstregulationsstrategien verinnerlichen und Wissen aufbauen, wie sie das Selbstregulierte
Lernen bei ihren Schilerinnen und Schilern fordern kdnnen.

Aufgrund der COVID-19 Pandemie haben digitale Lernumgebungen einen Aufschwung
erfahren und ermoglichen vielféltige Einsatzmdglichkeiten zur Wissensvermittlung.
Dementsprechend sind sie geeignet, um zukinftigen Lehrkraften die bendtigten Kompetenzen
und das Wissen zur Forderung des Selbstregulierten Lernens bei ihren Schilerinnen und
Schilern zu vermitteln. Allerdings sind die meisten digitalen Lernumgebungen autonom und
erfordern bereits Selbstregulationsfahigkeiten, um diese effektiv nutzen zu koénnen. Es
existiert zwar schon eine Bandbreite an Forschung, die sich mit der Effektivitat von digitalen
Lernumgebungen beschaftigt, allerdings ist die Erforschung des Selbstregulierten Lernens in
dieser Doméne und speziell fiir angehende Lehrkrafte noch relativ neu.

Deshalb ist das Ziel der vorliegenden Thesis, zum einen die Doppelrolle des Selbstregulierten
Lernens als Voraussetzung fir das Lernen in digitalen Lernumgebungen sowie als
Kompetenz, die durch digitalen Lernumgebungen gefordert werden kann, zu erforschen. Zum
anderen fokussiert sich die vorliegende Thesis auf die Zielgruppe der Studierenden und
speziell auf angehende Lehrkrafte, um deren Ausbildung durch digitale Lernumgebungen zu
erforschen und zu fordern.

Um digitale Lernumgebungen zum Lernen nutzen zu wollen, muss die Technologie von den
Lernenden zun&chst akzeptiert werden. Studie | analysierte auf Basis des Technology
Acceptance Models mittels eines Strukturgleichungsmodells inwiefern das Selbstregulierte
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Lernen einen Einfluss auf die Akzeptanz von E-Learning hat und dementsprechend als
Voraussetzung fiir das Lernen in digitalen Lernumgebungen gilt. Die Ergebnisse zeigen, dass
das Selbstregulierte Lernen einen wichtigen Faktor fir die Akzeptanz von E-Learning
Umgebungen darstellt und dementsprechend eine Voraussetzung fur das Lernen in digitalen
Lernumgebungen ist.

Da das Selbstregulierte Lernen nicht nur eine Voraussetzung fur das Lernen in digitalen
Lernumgebungen ist, sondern ebenfalls durch diese aktiv gefordert werden kann, beschaftigte
sich Studie 1l mit den Bedlrfnissen von angehenden Lehrkraften in digitalen
Lernumgebungen, um die Gestaltung von lernerorienten digitalen Lernumgebungen zu
verbessern. Es mangelt jedoch immer noch an Wissen Uber die individuellen Unterschiede im
Selbstregulierten Lernen von angehenden Lehrkréften, weshalb latente Profilanalysen genutzt
wurden, um weitere Erkenntnisse zu erlangen. Die Ergebnisse bestarken eine Drei-Profil-
Losung bei angehenden Lehrkraften mit einem niedrigen, moderaten und hohen
Selbtregulationsprofil. Es zeigte sich, dass Selbstregulationstraining in digitalen
Lernumgebungen fiir angehende Lehrkrafte mit verschiedenen Selbstregulationsprofilen vor
allem in Bezug auf deklaratives Wissen effektiv ist und in Bezug auf Strategienutzung vor
allem fur Personen, die dem niedrigen Profil angehdren, profitabel ist.

Die Forschungslandschaft hat gezeigt, dass angehende Lehrkréfte oftmals ein lickenhaftes
Wissen (ber das Selbstregulierte Lernen besitzen und dementsprechend Schwierigkeiten
haben, dieses direkt im Unterricht an ihre Schilerinnen und Schuler zu vermitteln. Da E-
Learning Umgebungen ein hohes MalR an Selbstdisziplin erfordern und oft hohe
Abbruchquoten verzeichnen, wurde in Studie Il der innovative Ansatz von digitalen
Lernspielen genutzt und ein Lernspiel entwickelt, welches speziell das Selbstregulierte Lernen
von angehenden Lehrkréften fordern soll. Damit ein Lernspiel effektiv sein kann, muss es
eine hohe Nutzerfreundlichkeit besitzen und eine positive Wahrnehmung bei den Nutzenden
hinterlassen. Das Ziel von Studie Il war die Evaluation der Benutzerfreundlichkeit und der
Nutzererfahrung des Lernspiels Regulatia sowie die Ermittlung von Stérken und
Verbesserungsmoglichkeiten des Prototyps. Die Ergebnisse deuten darauf hin, dass Regulatia
benutzerfreundlich ist und ein positives Nutzererlebnis hervorruft. Als Starken wurden die
grafische Gestaltung, die Erzahlung und die Art des vermittelten Wissens identifiziert. Als
Schwéchen wurden die Textgestaltung, technische Schwierigkeiten sowie der Umfang und die
Komplexitat der Inhalte identifiziert.
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Zukunftige Lehrkrafte kénnen das Selbstregulierte Lernen ihrer Schilerinnen und Schiler
indirekt auch durch die Verwendung von geeigneten Lernumgebungen férdern. Digitale
Lernspiele bieten eine innovative Moglichkeit, Schilerinnen und Schiiler im Klassenzimmer
zu unterrichten. Friihere Meta-Analysen haben gezeigt, dass digitale Lernspiele positive
Auswirkungen auf das Lernen auf allen Bildungsebenen haben kdénnen. Die Forschung
bisheriger Studien beschréankte sich jedoch auf Arbeiten, die bis 2015 durchgefihrt wurden. In
den letzten funf Jahren hat die technologische Entwicklung rasante Fortschritte gemacht und
neue Madoglichkeiten eroffnet. Digitale Lernspiele sind fur Lehrkréafte besser zugénglich
geworden und die Anzahl der elektronischen Gerate in den Schulen hat im Zuge des digitalen
Wandels zugenommen. In Studie IV wurde deshalb eine Meta-Analyse zur Wirksamkeit von
digitalen Lernspielen im Schulkontext zwischen 2015-2020 durchgefuhrt. Im Gegensatz zu
herkdmmlichen Lerntechniken wurde basierend auf dem Integrated Design Framework for
Playful Learning untersucht, wie gut sich digitale Lernspiele auf kognitive, metakognitive und
affektiv-motivationale Lernergebnisse auswirken. Da metakognitive Ergebnisse noch nie
untersucht wurden, erweitert Studie IV die Forschung um diesen Faktor. Die Ergebnisse
zeigen, dass der Einsatz digitaler Lernspiele im Unterricht im Vergleich zu konventionellen
Methoden zu besseren Lernergebnissen fiihrt. Fur kognitive Lernergebnisse zeigte sich ein
mittlerer Effekt, fur affektiv-motivationale ein kleiner Effekt und kein statistisch signifikanter
Effekt zeigte sich fir metakognitive Lernergebnisse. Weiterhin wurde die Wirkung der
digitalen  Lernspiele nicht signifikant durch konfundierende, personliche oder
umgebungsbedingte Moderatoren beeinflusst.

Zusammenfassend liefert die vorliegende Thesis einen Beitrag fiir die Erforschung des
Selbstregulierten Lernens als Voraussetzung zum digitalen Lernen sowie als forderbare

Kompetenz bei angehenden Lehrkraften.
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1 Introduction

Future skills refer to the new set of abilities that are required for everyone to succeed in their
work, education, and daily lives (Trilling & Fadel, 2009). Creativity, critical thinking,
collaboration, and communication are often referred to as future skills that enable life-long
learning (Voogt & Roblin, 2012). According to Graesser et al. (2022, p. 568), self-regulated
learning (SRL) is another one of the future skills. SRL is a goal-directed process that enables
people to strategically and purposefully control their thoughts, behaviors, and emotions in
order to enhance learning. This competency is associated with life-long learning (Dent &
Koenka, 2016) as well as increased academic achievement throughout all educational levels
and grades (Xu et al., 2023).

On the one hand, SRL is a skill that can be developed through direct or indirect instruction.
The dissemination of particular SRL strategies and knowledge through training programs run
by qualified instructors is a common form of direct SRL promotion. In this instance, the
students are conscious that they are studying SRL techniques specifically. A learning
environment that allows for SRL but does not specifically instruct the use of SRL strategies is
an example of indirect promotion, which is frequently unconscious (Dignath & Veenman,
2021).

On the other hand, in digital environments where learners frequently work independently,
SRL is a necessary prerequisite for successful learning (Broadbent & Poon, 2015). Due to
their frequent lack of interaction with lecturers, students must use SRL strategies to choose
which learning resources to use at what time (Broadbent et al., 2021; Kizilcec et al., 2017).
According to research, high SRL abilities increase a student's chances of success in online
learning settings and uninterrupted assignment completion (Alhazbi & Hasan, 2021; Cho &
Shen, 2013). Thus, it is important that SRL strategies are taught and used as soon as possible.
Teachers at all school levels are crucial in helping students with SRL because it is not an
automatic development (Dignath-van Ewijk, 2016). Teachers play a dual role in this regard:
In order to support their students' SRL, teachers must be effective self-regulated learners as
well as SRL agents (Backers et al., 2023; Karlen et al., 2020). To be effective educators,
teachers must first learn how to be self-regulated learners themselves before learning how to
assist students in doing the same (Karlen et al., 2023). Nevertheless, teacher education does
not currently cover teachers' own SRL in a systematic manner, and pre-service teachers
frequently do not develop it either. Teachers, as well as pre-service teachers, have difficulty

implementing SRL (Dignath & Buttner, 2018). Some educators fail to engage and encourage
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their students’ SRL abilities (Zohar & Ben-Ari, 2022). For instance, some pre-service teachers
employ learning strategies mediocrely (Liu et al., 2020) and possess incomplete and
inconsistent knowledge about SRL (Glogger-Frey et al., 2018; Granstrom et al., 2022).
“Given the complexity of SRL and its implementation, teachers must have enough knowledge
about the topic” (Backers et al., 2023, p. 4). Teachers must be able to justify different
motivational, cognitive, and metacognitive SRL strategies before they can model or describe
learning strategies. This requires an understanding of how SRL processes operate (Barr &
Askell-Williams, 2019; Dignath & Veenman, 2021; Karlen et al., 2020). By using their
experience as self-regulated learners, teachers can act as role models for their students and
provide explanations for the strategies being used (Peeters et al., 2014). Additionally, teachers
obtain a deeper comprehension of the learning experiences that their students have in SRL,
which enables them to better identify and address the needs and challenges that students
encounter in SRL. Through specific teacher training, SRL skills and their instruction to
students can be enhanced (Michalsky, 2021). According to (Ng, 2015), digital learning
environments offer students, and especially pre-service teachers, a flexible and ideal way to
develop SRL strategies and create optimal learning conditions.

Digital learning environments have become an integral part of today's educational landscape.
E-learning environments or digital learning games have suddenly gained popularity due to the
COVID-19 pandemic and the accompanying remote learning. However, gaming on computers
has always been more than just a hobby; educational games, in particular, are popular: As of
July 28th, 2024, there were 267,406 apps in the Google Play Store and 191,698 in the Apple
Store labeled with the category "education™ (42matters, 2024). With the unexpected success
of the game "Pong" and the release of the "Atari" console in the 1970s and early 1980s, there
was a surge in research interest in video games. The late 1980s and early 1990s saw the
emergence of innovative educational games that laid the groundwork for future educational
games (Homer et al., 2020).

The German Federal Government, which has been funding the development of computer
games with a maximum volume of 70 million euros annually since 2019, also recognizes the
importance of computer games. As of December 2023, the federal government's computer
game funding program has approved over 550 projects totaling over 200 million euros in
funding. This program also supports the creation of learning games that have educational
value (Federal Ministry for Economic Affairs and Climate Action, 2024).

Rapid technological advancements (faster internet, better computer hardware, virtual reality,

etc.) have made various flexible options for knowledge transfer possible in digital learning
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environments. Thus, it is also possible to use digital learning environments to promote future
skills such as SRL (Gurbuz & Celik, 2022; Thornhill-Miller et al., 2023).

Thus, the main objective of this thesis is to investigate SRL in digital learning environments,
emphasizing how it functions as both an improvable competency and a prerequisite for digital
learning. Three empirical studies with university students and pre-service teachers and a meta-
analysis focusing on the school context were conducted to meet the thesis's objective.

Study | focused on SRL's contribution to students' technology acceptance as a prerequisite for
digital learning. The goal of Study | was to integrate SRL as a necessary precondition and,
consequently, an external factor for successful e-learning into the Technology Acceptance
Model (TAM, Davis, 1989). There is currently insufficient research on evaluating SRL's
component structure in TAM, which adds to the body of evidence supporting its significance
in technological adoption.

Study Il concentrated on pre-service teachers' roles as self-regulated learners because SRL is
not only a prerequisite for learning in digital learning environments but also a promotable
competence. In order to better understand how to enhance pre-service teachers' SRL, the
study examined the SRL profiles of pre-service teachers in two distinct digital learning
environments. By investigating this, the study advances the development of recommendations
for the creation of learning environments that provide users with adaptive learning
opportunities and advances research into the differing effects of learning in digital learning
environments on pre-service teachers.

Study I11 offers a potentially more engaging method of preparing pre-service teachers to teach
SRL strategies through a digital educational game since (pre-service) teachers are also agents
of SRL. The study assesses the usability and user experience of the game’s first functional
prototype, which may have an impact on its success (Boulay et al., 2011). First, we examined
how user-friendly the game is thought to be. In order to further refine the prototype, we
evaluated how learners perceive the various game elements and gathered the game's
advantages and disadvantages.

While Study | focused on SRL as a prerequisite for learning in digital learning environments,
Studies 11111 concentrated on the role pre-service teachers played in promoting SRL in digital
learning environments. Study IV sought to determine how well students responded to game-
based learning in a classroom setting. The usefulness of educational games for students is
unknown because the majority of studies concentrate on student populations. To gain insight

into whether educational games are appropriate for teaching students, a meta-analysis was
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conducted based on the Integrated Design Framework for Playful Learning (Plass et al.,
2015).

2 Theoretical Background

The primary concepts of this thesis will be reviewed and defined in this section, with
empirical evidence to back them up. The emphasis will be on pre-service teachers as a special
group. The first section will give an overview of SRL and discuss how it relates to academic
success. Following this, the dual role of SRL is discussed as both a prerequisite and
competence that can be promoted in digital learning, especially in relation to pre-service
teachers and their challenges in digital learning environments. Subsequently, the thesis
focuses on digital learning through e-learning and digital game-based learning (DGBL) and
presents its effectiveness. The current thesis then derives its research questions from the

theoretical framework.

2.1 Self-Regulated Learning

By providing a definition for SRL in the first step, this section presents one of the central
constructs of this thesis. Second, a description of the theoretical models that served as the
foundation for the research is given. The connection between learning achievement and SRL
is discussed in the third section, and its importance for pre-service teachers is emphasized in

the final section.

2.1.1 Definition

Firstly, it is important to differentiate between self-regulation and SRL in order to fully
understand the complexity of the concept. Self-regulation, based on Bandura’s social-
cognitive theory (1986), involves establishing goals, maintaining them, and adjusting to
changes in situations. The focus is on adaptively working towards goals, as highlighted in
Zimmerman's (2000) definition that self-regulation includes “self-generated thoughts,
feelings, and actions that are planned and cyclically adapted to the attainment of personal
goals” (p. 14). In order to practice self-regulation, learners must control their thinking,

sensations, and behavior. The definition demonstrates cyclical adaptation, implying a process-
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oriented perspective. It is necessary to evaluate previous actions to adjust to shifting
environmental features and maximize the application of suboptimal strategies.

If an individual self-regulates their learning process or applies it in an academic context, it is
referred to as self-regulated learning (Zimmerman, 2008). SRL is defined as “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). This definition
highlights important aspects also found in other definitions of SRL: learner autonomy in
organizing, executing, and reflecting on their learning process. According to Zimmerman
(2008), SRL is a proactive process that necessitates a high level of implementation of SRL
strategies. Moreover, it is a broad interdisciplinary skill that aids students in devising,
executing, and scrutinizing their learning procedures and functions across diverse disciplines
(Bembenutty, 2011). SRL can include both different phases and different components, which
are further described in the next section.

2.1.2 Theoretical Models of Self-Regulated Learning

Several theoretical models describe SRL, distinguishing between component and process
models. Component models concentrate on the individual SRL competence, comprising
cognitive, motivational, and metacognitive components: Conceptual and strategic knowledge,
as well as the capacity to use the right learning techniques, are examples of the cognitive
component. Activities that both start and maintain learning are examples of the motivational
component. Planning, self-monitoring, and reflecting on the learning process represent the
metacognitive component (Boekaerts, 1999). Instead of breaking down SRL into different
components, Zimmerman’s (2000) social cognitive model of SRL classifies the learning
process into discrete phases that correspond to the essential elements of SRL, characterizing
SRL as a cyclical process. Zimmerman's (2000) model, which is the foundation for the
interventions in the current thesis, is the most widely used model for intervention studies
because it considers the various components of SRL and its circularity (Panadero, 2017).
According to the model, learning occurs in three phases: forethought, performance, and self-
reflection (see Figure 1). These consist of motivational, cognitive, and metacognitive
elements. The phases of SRL occur sequentially, and future strategies are influenced by past
learning processes, giving rise to its cyclical nature. The first stage of learning is referred to as
the "forethought phase”. It acts as preparation for learning and for carrying out actions.
Learning is a goal-oriented process where learners first identify what they want to achieve.
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They then set goals and choose learning strategies that seem to help them achieve those goals.
During this process, existing knowledge and past experiences are used to select appropriate
learning strategies and behaviors to plan the next steps. If the learners believe they can
accomplish the task with the available resources, it boosts their motivation at the beginning of
the action.

Learning happens during the performance phase. In this stage, newly learned information is
reinforced using cognitive strategies like repetition. Motivational strategies are crucial to
sustaining the learning process during this phase. Learning can proceed only when students
can sufficiently motivate themselves and possess sufficient volitional strategies to block out
distractions and focus their attention (Alhazbi & Hasan, 2021; Valenzuela et al., 2020).
Learners are required to exercise self-control so they can modify their strategies as needed
during the entire learning process. One crucial metacognitive technique that helps students
modify their learning behavior when there is a mismatch between their objectives and their
present situation is self-observation (de Bruin & van Gog, 2012). Through self-monitoring,
students pinpoint the instructional approaches that have not worked as well and should be
dropped. In the subsequent "self-reflection phase"”, students compare their goals from the
forethought phase with their actual performance to conducting a self-evaluation. This
comparison involves choosing effective strategies for future learning, rejecting ineffective
strategies, and/or modifying objectives because the original ones proved unachievable
(Zimmerman, 2000). Because of this, students need to be able to assess their performance,
which is directly related to causal attribution (Brun et al., 2021). An internal variable
attribution would be the best choice for SRL since it helps students feel more accountable and
in control of their learning. There are various options for how the learning outcomes can be
reacted to by oneself. Higher levels of self-efficacy in learners have been found to arise from
self-satisfaction with one's abilities. Overall, the learner's self-motivational beliefs and
outcome expectations are solidified by the successful completion and positive evaluation of a
task. This results in positive emotions, such as pride, influencing the strategies chosen during

the proximate forethought phase (Zimmerman, 2000).
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Figure 1
Process Model of Self-Regulated Learning
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Note. Model adapted from Zimmerman, 2000.

2.1.3 Self-Regulated Learning and Achievement

SRL is a factor in lifelong learning (Dent & Koenka, 2016) and positively correlates with
improved learning outcomes across all educational phases (Xu et al., 2023). According to
Zimmerman and Schunk (2011), students with SRL skills can outperform their peers by
utilizing their unique thinking potentials and motivation in conjunction with improved
resource and environment management. When it comes to using SRL strategies, high
achievers are more successful than low achievers (Zimmerman, 2002). For example, time
management techniques assist students in avoiding procrastination and completing
assignments and projects on time (Lewis & Oyserman, 2015). As students actively control
their learning, they are more likely to use effective cognitive strategies that lead to improved
learning and higher academic attainment (Jansen et al., 2019). Numerous studies have
provided empirical evidence to support the positive relationship between SRL and academic
achievement (e.g., Khan et al., 2020; Kizilcec et al., 2017; Yamada et al., 2017).

For elementary and secondary school children, the meta-analysis by Dent and Koenka (2016)
found a significant correlation between academic performance and cognitive strategies as well

as metacognitive processes. When it comes to metacognitive processes—which assist students
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in controlling their own learning and academic performance—the correlation is especially
strong.

For university students, Theobald (2021) performed a meta-analysis, concluding that SRL
training programs had a positive impact on academic performance, SRL strategies, and
motivation.

For the special group of pre-service teachers, Vosniadou et al. (2021) confirmed a positive
correlation between academic achievement and cognitive and metacognitive strategies in a
study involving 366 pre-service teachers.

The findings hold true for blended and online learning settings as well. In online and blended
learning environments, learners in elementary, secondary, postsecondary, and non-formal
adult education settings demonstrated a positive and moderate effect of SRL intervention,
according to the meta-analysis by Xu et al. (2023).

The benefits of SRL extend beyond the classroom as students gain confidence and prepare for
obstacles and changes in their academic and professional lives through a variety of self-
regulatory and lifelong introspective as well as reflective processes (Lent et al., 2019). This
enables a smooth transition from education to employment (Hsu et al., 2022).

It is crucial that students should develop SRL as early as possible because of the several
mentioned benefits of SRL on achievement (Cleary & Russo, 2023). Teachers have a
particularly great responsibility in this regard and can introduce their pupils to SRL at an early

stage.

2.1.4 Relevance of Self-Regulated Learning for (Pre-Service) Teachers

Teachers are vital in helping their students develop their sense of SRL, but they also need the
ability to help students develop SRL skills. There are several ways that teachers can support
pupils' SRL development, e.g., by assigning challenging tasks, letting them make their own
decisions, or giving them chances to reflect on their work (Dignath & Veenman, 2021). In
addition to directly imparting knowledge to their students, teachers act as role models by
utilizing SRL strategies themselves (Peeters et al., 2014). Because of this, they are crucial in
assisting students in learning SRL concepts and practical application techniques. Buzza and
Allinotte (2013) state that teachers with strong SRL competencies are more likely to
comprehend the ideas behind encouraging SRL. Furthermore, research by Gordon et al.
(2007) demonstrated that teachers with strong SRL competencies are more likely to foster a

mastery-oriented learning environment in the classroom, supporting students’ SRL.
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Additionally, it is believed that self-regulated learners are capable of applying a range of
cognitive, motivational, and metacognitive strategies, allowing pre-service teachers to adapt
their approaches in order to complete academic assignments more successfully (Fuchs et al.,
2022). Consequently, pre-service teachers need to develop their own self-regulated learning in
order to support their students' SRL.

According to research, pre-service teachers frequently have a disorganized and fragmented
understanding of SRL strategies (Lawson et al., 2019; Ohst et al., 2015). Additionally,
according to Glogger-Frey et al. (2018), some pre-service teachers exhibit poor metacognitive
strategy knowledge, which makes it difficult for them to teach SRL strategies. Research has
additionally indicated that pre-service teachers are not well-versed in SRL regarding teaching
strategies that support metacognition (Zohar & Ben-Ari, 2022). For pre-service teachers to
consider SRL an essential part of their professional identity, they need to be well-informed
about it (Fuchs et al., 2022).

Successful learners employ effective learning strategies to accomplish their objectives; they
do not use more SRL strategies but rather a greater variety of them than less successful
learners (Perry et al., 2018). Studies reveal that pre-service teachers do not strongly engage in
SRL during their studies (Fuchs et al., 2022). They also seldom spontaneously use SRL
strategies (Engelmann et al., 2021) and generally utilize few SRL strategies to manage their
learning (de Bruin & van Merriénboer, 2017). Pre-service teachers often use ineffective
strategies (Fryer & Vermunt, 2018; McDaniel & Einstein, 2020) and struggle to integrate
various SRL skills to tackle learning challenges (Karlen & Hertel, 2024). According to Ledn
et al. (2023), some pre-service teachers either overestimate or underestimate their self-
regulated learning abilities, while others hold misconceptions about it (Karlen & Hertel,
2024). In line with these results, Lawson et al. (2019) hypothesized that pre-service teachers
might not be aware of the benefits of their SRL strategies and, as a result, either not use them
at all or stop using them too soon. Pre-service teachers are seldom taught effective strategies
during their studies, and they frequently only use a few particular strategies in their teaching
later on (Dignath & Buttner, 2018). Consequently, some pre-service teachers fail to help their
students develop their SRL skills and activate them (Spruce & Bol, 2015; Zohar & Ben-Aui,
2022). Since SRL skills help pre-service teachers improve their academic performance and
prepare them to assist their students with SRL skills in the classroom, it is important to

promote SRL among pre-service teachers at an early stage.
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2.2 Digital Learning

This section presents the second central construct of this thesis. Definitions for e-learning and
DGBL as digital learning environments are given. Later on, their effectiveness is
demonstrated with empirical evidence.

Generally, digital learning is learning that occurs in specifically designed digital learning
environments. Digital learning environments are platforms or apps that offer course materials,
allowing learners to study remotely at their own pace with or without guidance from an
instructor (Arguel et al., 2017; Kimmel et al., 2020). Research currently available indicates
that digital learning environments can enhance learning by motivating learners (Chang et al.,
2017). In addition, they have the benefit of reaching many individuals at the same time.
According to Broadbent et al. (2020), digital learning environments are especially well-suited
for teaching interdisciplinary skills, e.g. SRL, because they allow students to work on them at
any time and from any location. In the present thesis, e-learning and DGBL are the focus of
the investigation. Therefore, the following sections describe both digital learning

environments in detail.

2.2.1 E-Learning

Electronic learning is referred to by its acronym, e-learning, for which there is currently no
standard definition. It is widely agreed upon that digital media is a component of e-learning
when examining its attributes. This could be a variety of educational resources, like audio,
text, or video. The content can be delivered through asynchronous communication, in which
teachers and students are not online at the same time, such as through quizzes, assignments, or
forums, or synchronous communication, in which students and teachers are online at the same
time, such as through live chat or video conferences (Shahabadi & Uplane, 2015). According
to Clark and Mayer (2016), e-learning is every “instruction that is delivered on a digital
device that is intended to promote learning” (p. 7). E-learning environments are characterized
by Johnson and Davies (2014) as networked because they are accessible to users through
computers equipped with standard internet technology, allowing for instantaneous updating,
storing, and retrieving information, distributing it, and sharing it. Learning management
systems represent one common type of e-learning environment. Higher education saw an
increase in the use of e-learning as a learning technology due to the COVID-19 pandemic's
forced online learning. As a result, e-learning settings and the technological potential for

online learning both improved. With the range of task types available in modern e-learning
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environments, instructors can design independent learning experiences that may promote self-

regulated learning.

2.2.2 Digital Game-Based Learning

E-learning environments have a disadvantage in that the rate of students dropping out is
relatively high (Lee & Choi, 2011). To encourage learning, a current approach by educators is
to combine games and learning. According to Salen and Zimmerman (2004), a game is “a
system in which players engage in an artificial conflict, defined by rules, that results in a
quantifiable outcome” (p. 5). Until now, there has been no consensus on a universal definition
of games, which is why they are often described by their characteristics. Games are based on
predetermined rules and regulations. They can react to the player's actions by giving
appropriate feedback. In games, a player's advancement is cumulative, and they are made to
be difficult, frequently with a chance component. For this reason, playing games can be a very
motivating experience for players, pushing them to participate fully in the game. Learning
with games was defined as “any marriage of educational content and computer games” by
Prensky (2007, p. 145), who strongly affected the term “digital game-based learning”. In the
beginning, the definitions for DGBL were rather unspecific, for example, Moreno-Ger et al.'s
(2008) definition as “any initiative that mixes videogames and education can be considered as
game-based learning” (p. 2). Over the years, the goal of advancing teaching and learning
processes became increasingly central to DGBL definitions. When digital games are expressly
“designed and used for teaching and learning”, according to Al-Azawi et al. (2016, p. 132),
we can refer to them as DGBL. According to Plass et al. (2020), learning games must provide
clear learning objectives. Cojocariu and Boghian (2014) emphasized the integration of mobile
devices (e.g., tablets and smartphones) with educational content as a feature of DGBL.
Additionally, applying new digital technologies may promote a cognitive shift and add
entertainment value to the learning process, enhancing learning (Khan et al., 2017).

Erhel and Jamet's comprehensive definition of DGBL encapsulated earlier theories defining it
as “a competitive activity in which students are set educational goals intended to promote
knowledge acquisition. The games may either be designed to promote learning or the
development of cognitive skills, or else take the form of simulations allowing learners to
practice their skills in a virtual environment” (Erhel & Jamet, 2013, p. 156). This definition
highlights the objective of promoting learning processes and takes the part of practicing
specific skills into consideration. Summing up the previous definitions, DGBL is
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characterized by the use of mobile devices to apply digital games that deliver educational
content for learning following determined learning objectives.

Given that DGBL and associated terms are often used interchangeably, a differentiation is
made in the following. The term “serious games” is often used in connection with DGBL and
Is defined as “games that do not have entertainment, enjoyment, or fun as their primary
purpose” (Michael & Chen, 2006, p. 21). A clear categorization of serious games is not
always possible. This is why Marsh (2011) suggested viewing serious games as a continuum
that includes games with a purpose on the one end and experimental environments with
almost no gaming characteristics at the other end. Serious games can, therefore, be used as a
tool in DGBL but are not exclusively designed for learning.

The term “gamification” is associated with DGBL and is defined as “the use of game design
elements in non-game contexts” (Deterding et al., 2011, p. 2). Gamification only uses one or
two game elements to boost player engagement, and the tasks remain essentially unchanged,
whereas DGBL applies complete games to engage learning (Becker, 2021), and tasks must be

redesigned to make them more engaging (Plass et al., 2020).

2.2.3 Effectiveness of Digital Learning

Digital learning environments have the potential to improve learning outcomes (Clark et al.,
2016), such as by motivating students (Chang et al., 2017) because according to the Self-
Determination Theory, they satisfy human basic needs, namely autonomy, relatedness, and
competence (Ryan & Rigby, 2020). E-learning environments and in-person instruction only
marginally differ from one another regarding knowledge impartation and achievement,
according to a meta-analysis conducted by Bernard et al. (2004). This study also indicates that
blended learning environments—which combine online and in-person instruction—are
slightly better regarding knowledge impartation. E-learning is another efficient teaching
strategy that is on par with traditional learning (Cook, 2009) and other forms of medial
learning (Bell & Federman, 2013).

According to a growing body of research (Lei et al., 2022), DGBL interventions enhance
knowledge acquisition, skill development, and learning outcomes through the creation of
more engaging and interesting instructional tasks compared to traditional methods. Future
skills such as communication (Plass et al., 2020), critical thinking (Mao et al., 2021),
problem-solving, and teamwork (Martin-Hernandez et al., 2021) can all be enhanced by
educational games. They also encourage and support mental activity (Mayer, 2014).
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Additionally, educational games can emotionally impact learners (Loderer et al., 2020) and
offer chances for meaningful social interactions (Plass et al., 2020). This means educational
games enhance cognitive, affective, motivational, and behavioral engagement.

What makes educational games special is that they have the ability to enable so-called
graceful failure. Failure adds interest to the game and is occasionally essential for learning.
Additionally, graceful failure can encourage chances for self-regulated learning, enabling
participants to assess the efficacy of their tactics and the degree to which their objectives have
been met (Plass et al., 2020).

Furthermore, educational games allow the safe practice of new abilities. For example, medical
training simulations enable the practice of specific surgical techniques without endangering
patients (Fens et al., 2021). In other words, digital learning makes it possible to practice and
reinforce already acquired knowledge and skills in addition to learning new ones.

This makes educational games suitable for use throughout various areas (e.g., healthcare,
STEM, engineering, language learning, and history; Hartt et al., 2020). The most commonly
examined outcomes are motivation, social interaction, and learning achievements, with
educational games positively impacting these aspects (Kalogiannakis et al., 2021).
Educational games can benefit all learner groups, from preschool to university (Tsai & Tsal,
2020), which indicates the broad effect of DGBL on students' academic achievement (Clark et
al., 2016; Karakog et al., 2020; Mayer, 2014). Regarding learning achievement, DGBL seems
especially effective for specific content domains such as language learning (Acquah & Katz,
2020) and science (Mayer, 2014).

This is also supported by the findings of McLaren et al. (2017), who showed that a math game
led to better performance in a math test than in a control condition without a game. Siuko et
al. (2024) came to a similar conclusion for high school students who were given a web-based
game on graph reading. Following DGBL interventions for language learning, there have also
been increased learning gains (e.g., higher test scores; Franciosi, 2017).

To sum up, digital learning environments, such as e-learning and educational games, are
suitable for acquiring new knowledge and future skills as well as for practicing already

existing skills.
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2.3 Self-Regulated Learning as a Prerequisite for Digital Learning

There are differences between learning in analog and digital environments. Within digital
learning environments, learners must use SRL strategies to choose which learning materials to
engage with and when, as they frequently have limited interaction with lecturers (Broadbent
et al., 2021; Kizilcec et al., 2017). To succeed in digital learning environments, students must
exercise this autonomy by organizing, supervising, and assessing their learning process. In
addition, students must maintain their motivation to finish the entire online course (Broadbent
& Poon, 2015).

Studies have indicated that learners with self-regulation abilities are more likely to be
successful in online learning settings and finish assignments without interruption (Alhazbi &
Hasan, 2021; Ning & Downing, 2015). According to Ainscough et al. (2019), learners who
exhibit high levels of self-regulation tend to complete tasks in digital learning environments at
a higher rate.

Self-regulated learners are able to plan and choose appropriate learning strategies and
comprehend the learning environment and tasks more quickly due to their prior knowledge
and experience (Johnson & Davies, 2014). Additionally, it is assumed that self-regulated
students possess the ability to apply a range of motivational, metacognitive, and cognitive
SRL strategies. These students can use a variety of SRL strategies to complete their
assignments on time (Fuchs et al., 2022; Taub et al., 2020). In digital learning environments,
time management, critical thinking, and the application of metacognitive strategies have been
shown to be especially effective in improving learning outcomes (Broadbent & Poon, 2015).
Self-regulated students welcome new challenges, grow from their errors, and persevere
through setbacks when learning online (Karlen & Hertel, 2024). Additionally, they have
improved navigational skills in digital learning environments. To navigate digital educational
games, “students must enact several metacognitive processes, such as monitoring, planning,
and selecting effective learning strategies” (Taub et al., 2020, p. 249). In digital learning
environments that are more open-ended and require learners to take greater control over their
learning process, SRL is particularly crucial. For example, in order to finish a digital
educational game successfully, students can ask themselves if they have previously finished a
task similar to this one or seek assistance and scaffolding from a non-player character
(Loderer et al., 2020).

As the earlier justifications demonstrate, SRL is a crucial factor in effective learning in digital

learning environments.
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2.4  Fostering Self-Regulated Learning with Digital Learning Environments

SRL plays an important role in digital learning environments. This role can be seen in two
ways: On the one hand, SRL is an essential prerequisite for successful learning in digital
learning environments, and on the other hand, relevant research indicates that SRL can be
fostered using digital learning environments (van der Beek et al., 2021). This section
emphasizes the importance of SRL as a skill that can be developed. It discusses the distinction
between direct and indirect training and the role of (pre-service) teachers in teaching and
promoting SRL. Subsequently, the promotion of SRL through e-learning and DGBL with
supporting evidence is presented. Finally, the thesis provides insight into how to transfer the

promotion via DGBL in the school context.

2.4.1 Direct and Indirect Training

One can directly or indirectly promote SRL as a competency (Dignath & Buttner, 2018). One
common method of direct promotion is using training programs run by qualified instructors to
impart particular SRL strategies and knowledge. In this instance, the students know they are
explicitly learning SRL strategies. Providing a learning environment that allows for SRL
without specifically instructing SRL strategies is one example of indirect promotion, which is
frequently unconscious (Dignath & Veenman, 2021).

Teachers can help students develop SRL skills using various instructional strategies (Dignath-
van Ewijk, 2016). By giving students information about a learning strategy, such as how,
when, and why to use it, they can directly train SRL (Dignath & Veenman, 2021).

By assigning students a task that necessitates the application of a specific strategy without
explicitly stating that it may be an effective learning strategy or by modeling the use of a
strategy without disclosing to the students any information about the strategy, teachers can
subtly encourage students to act as self-regulated learners (Dignath & Veenman, 2021).
Backers et al. (2023) suggest that creating a challenging, complex, task-filled learning
environment that prompts students to evaluate themselves and gives them meaningful choices
and clear goals can also be used to achieve indirect instruction of SRL. Only a small
percentage of teachers give students direct instruction, which causes them to concentrate
primarily on teaching cognitive strategies and pay little attention to teaching metacognitive

strategies, according to Dignath and Veenman's review study (2021), which only included



33

classroom observation studies. Compared to direct instruction, indirect instruction of SRL is
used more frequently, and primary school teachers are more likely than secondary school
teachers to create learning environments that foster students' SRL skills (Dignath & Buttner,
2018).

Through direct and indirect training methods, teachers and pre-service teachers can support
their students’ development of SRL in the classroom. Therefore, they are crucial for their

students’ SRL and can function as multiplicators for SRL.

2.4.2 (Pre-Service) Teachers’ Role as a Multiplicator of Self-Regulated Learning

It is essential to remember that SRL skills do not develop automatically; they have to be
learned. According to Backers et al. (2023), teachers are essential to support students who are
having difficulty with SRL. Before being able to help students develop SRL skills, teachers
must first develop their own proactive and self-regulatory learning skills (Kramarski, 2017).
Teachers who practice self-regulation as learners are conscious of their own learning strengths
and weaknesses, employ various strategies, and know when, how, and where to use them
(Karlen et al., 2023). To specifically support cognitive, metacognitive, and motivational SRL
strategies in their students, teachers must first become knowledgeable about SRL and
understand how the self-regulation process functions (Karlen et al., 2020). Studies indicate
that teachers possessing a strong understanding of SRL can effectively implement both direct
and indirect teaching methods, such as elucidating the appropriate timing of a strategy or
establishing effective SRL learning environments to enhance their pupils' SRL (Dignath &
Veenman, 2021). Higher SRL proficiency among teachers makes them feel more confident
about promoting SRL, which makes them more likely to use it in the classroom. Additionally,
teachers obtain a deeper comprehension of the learning experiences that their students have in
SRL, which enables them to identify better and address the needs and challenges that students
encounter in SRL (Karlen et al., 2023).

Teachers are multiplicators of SRL because of the various roles they play in its promotion.
They plan their lessons with the goal of ensuring that their students comprehend the content
(Johnson & Davies, 2014) and can apply SRL principles directly to the curriculum (Karlen et
al., 2021). During class, teachers are instructors and explicitly explain SRL strategies and
when they can be used effectively (Karlen & Hertel, 2024). Moreover, teachers can also help
students during their SRL process by stepping in if needed or offering extra assistance, like
partial solutions. Teachers also offer emotional support throughout the process because it
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takes time for SRL to develop and for strategy use to be applied (Johnson & Davies, 2014).
They serve as role models as well. By modeling SRL behaviors, teachers motivate students by
setting a positive example (Karlen & Hertel, 2024; Peeters et al., 2014).

However, teacher education does not currently cover teachers' own SRL in a systematic
manner, and pre-service teachers frequently do not develop it during their studies (Glogger-
Frey et al., 2018). When it comes to specifically addressing pre-service teachers' SRL skills, it
seems imperative to concentrate on improving their knowledge and beliefs on SRL. As
mentioned in Chapter 2.4, SRL can be promoted with training interventions (Michalsky,

2021) and especially by using digital learning environments.

2.4.3 Fostering Self-Regulated Learning with E-Learning in Higher Education

E-learning environments are digital learning environments that can be used to promote SRL
directly and indirectly. According to research, students receiving SRL training may perform
better academically and frequently employ SRL strategies (Kramarski & Michalsky, 2010).
Although traditional learning environments still host the majority of SRL training, there is
mounting evidence that digital learning environments can also effectively promote SRL.
However, randomized controlled SRL online trainings are still limited. The most common
SRL training approach is the direct conveyance of SRL strategies.

Van der Beek et al. (2021) and Bellh&user et al. (2016) conducted two direct SRL e-learning
trainings for students, supporting the findings that classroom seminars and e-learning are
equally effective in promoting SRL. In a study by Broadbent et al. (2020), a discipline-
independent SRL training intervention was implemented using a mobile diary app. The aim
was to assess the impact of SRL online learning intervention on university students. The study
involved N = 73 university students, with 16 students receiving online training, 21 using the
mobile app diary, 14 receiving a combination of online training and app usage, and 22 in the
control group. The online training lasted for three sessions, each lasting 60-90 minutes, over
21 days. The measures utilized to assess the intervention consisted of a knowledge test, the
Motivated Strategies for Learning Questionnaire, and a learning diary that encompassed SRL
intention, use, and affect. The results showed that the combined group (online training plus
app) outperformed the other groups regarding knowledge, elaboration, organization, critical
thinking, time management, metacognition, and effort regulation. The online training alone
improved control beliefs compared to the control group. The combined group reported higher
SRL intention and use than the other groups. These studies obtained promising results in
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terms of course performance, knowledge of SRL, and its use, implying the promotability of
SRL within direct e-learning environments.

However, the studies presented agree that SRL can be fostered via e-learning but largely
neglect pre-service teachers as a target group despite their important role as SRL
multiplicators. Only a few SRL trainings focus on this special target group.

Alkhasawnh and Algahtani (2019) conducted a study in which they provided direct SRL
training to N = 70 education students from Saudi Arabia. They introduced an e-learning
course with SRL strategies for the experimental group and without SRL strategies for the
control group. The results showed that the experimental group, which received the SRL
training, demonstrated increased self-regulated learning and better performance in the course
compared to the control group. Dorrenbacher-Ulrich et al. (2019) utilized e-learning training
to enhance SRL among N = 57 pre-service teachers, resulting in increased SRL traits,
particularly in the motivational subscale, and improved SRL knowledge in the experimental
condition. In a study conducted by Zeeb et al. (2024), the researchers worked with N = 119
pre-service teachers to explore the impact of digital learning diaries on the development of
declarative and self-reported knowledge about learning strategies. Throughout the semester,
the participants maintained a total of seven digital learning diaries, during which they
received either peer feedback, assessment support, or both. The results indicate that
declarative and self-reported SRL knowledge experienced a substantial increase. Furthermore,
it was found that participants' engagement in journal writing and the exchange of peer
feedback contributed to a deeper understanding of effective learning strategies. However,
there was no significant overall improvement in the application of learning strategies during
the semester, except when accompanied by high-quality feedback. This suggests that learners'

application of learning strategies relies on the quality of the feedback they receive.

2.4.4 Fostering Self-Regulated Learning with Digital Games in Higher Education

There are still few educational games that support SRL, and research on this topic is still in its
early stages. Dever et al. (2023) looked into promoting SRL with Crystal Island for N = 94
undergraduate students. Through the use of multimodal data (such as log files), which were
assessed as objective markers of SRL, they attempted to infer SRL tactics employed by the
learners. Two groups of participants were assigned, one of which was given scaffolding

prompts to use during the game, and the other of which did not. The findings demonstrate that
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compared to those who did not receive scaffolding, game participants who received
scaffolding prompts used SRL strategies more frequently.

Persico et al. (2023) developed a hybrid board game for in-service teachers called SRL-4Ts-
Game to encourage teachers to think about improving pupils' SRL abilities. The research was
a case study involving fifteen European in-service teachers. A pre- and posttest questionnaire
was used to gauge the participants' perceived competence in SRL, knowledge of SRL, and
opinions about the significance of promoting SRL. Teachers' perceptions of their SRL
proficiency improved as a result of the game, and perceived competence and SRL knowledge
significantly increased.

Because few games and studies exist on the subject of SRL, the presented results indicate that
more games need to be developed and investigated to support SRL. Furthermore, to the
author’s knowledge, no digital educational game focuses on promoting SRL in pre-service

teachers, revealing a gap in research that the current thesis tries to close.

2.4.5 Fostering Self-Regulated Learning with Digital Games in School

As shown in Chapter 2.4.3, pre-service teachers’ self-regulated learning skills and knowledge
can be trained with e-learning to prepare them for promoting their students’ SRL skills in the
classroom. For students in higher education, digital games positively affect SRL and seem
promising for teacher education. However, digital games cannot only be beneficial for pre-
service teachers but can also be used by teachers to improve SRL skills and knowledge
acquisition for students in the classroom.

In general, few randomized controlled studies have been conducted on the effectiveness of
digital game-based learning interventions in the school context, and further investigation is
still needed. Therefore, even fewer studies examine the effectiveness of digital games in
promoting pupils’ SRL with high-quality studies. Mission with Monty is a game designed to
encourage metacognitive monitoring skills and was examined by Sperling et al. (2022) with N
= 224 fifth graders. The game group's metacognitive monitoring skills improved compared to
the control group. The popular microbiology game Crystal Island is frequently utilized to
investigate the advancement of SRL in secondary education (Rowe et al., 2011). Due to its
requirement of strategic planning, execution, and control over the activities that students
participate in, this game promotes SRL. Students must also keep a record of the evidence they

have gathered in order to monitor their gameplay.
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The effectiveness of digital games must first be ensured in order to develop an effective game
that can successfully promote SRL. Taking into account the rapid technological progress, an
analysis of the general effectiveness of current games in the school context must first be
carried out. Based on the results, initial assumptions can then be made about the effectiveness
of the games for the specific construct of SRL to plan and design an educational game for
pupils in the next step.

3 Research Aims

Based on the presented background, the main research aim of the current thesis is to examine
self-requlated learning in digital learning environments, focusing on its double role as a
prerequisite for digital learning as well as being an improvable competence. In order to
achieve the aim of the thesis, a meta-analysis and three empirical studies were carried out. As
a first step, SRL’s role in technology acceptance as a prerequisite for digital learning was
examined (Study I). Study Il analyzed pre-service teachers’ SRL profiles in two different
digital learning environments to investigate how to improve SRL in pre-service teachers and
students. In a subsequent step, a digital educational game was created to enhance self-
regulated learning for pre-service teachers (Study I11). A meta-analysis (Study IV) was carried
out to investigate the effectiveness of digital educational games on pupils in the school

context. The studies conducted will be explained in more detail in the following chapters.

3.1 Studyl

As mentioned in Chapter 2.2, digital learning environments can support learning processes
and impart knowledge to learners. E-learning has become an integral part of university
teaching, particularly during and after the COVID-19 pandemic. To effectively offer digital
learning environments, students must willingly accept and use the technology provided. Even
the best e-learning platforms at universities are pointless if students refuse to use them. The
acceptance of e-learning environments was examined based on the TAM (Davis, 1989) in
Study I and extended with SRL as an important factor that influences technology acceptance.
SRL is essential for effective learning in digital environments. In e-learning, learners have a
high degree of autonomy and control over their learning process. They must schedule, choose

when, and how to interact with the instructional materials that are being presented, maintain
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motivation, monitor, adapt, and reflect on their learning progress (Broadbent & Poon, 2015).
A successful learning process in an e-learning environment results in positive feelings and
beliefs regarding this technology. Therefore, SRL has been considered in the TAM (Schlag &
Imhof, 2017) before, but not as an external factor that impacts technology acceptance directly.
The aim of Study 1 is to integrate SRL as an important prerequisite and, therefore, an external
factor for successful e-learning in the TAM. Assessing the component structure of SRL in
TAM has not been studied yet, contributing to further evidence of its role in technology
acceptance. In addition, Study | also contributes to the replication of the TAM regarding e-
learning with German-speaking university students because most studies in terms of this topic
are conducted in Asia (Grani¢ & Maranguni¢, 2019; Scherer & Teo, 2019).

3.2 Study Il

SRL is not only a prerequisite for learning in digital learning environments but also a
promotable competence. As explained in Chapter 2.4.2, pre-service teachers could function as
multiplicators of SRL for their pupils in the classroom (Karlen et al., 2023). Pre-service
teachers can promote students' SRL in various ways, for example, by assigning challenging
tasks (Dignath & Veenman, 2021). Pre-service teachers, in their capacity as role models, not
only directly impart knowledge but also exhibit SRL strategies themselves (Peeters et al.,
2014). In order to effectively teach their students and be a behavioral model for them (Peeters
et al., 2014), pre-service teachers must first acquire sufficient skills for teaching SRL
strategies themselves that can be nurtured by receiving high-quality education and acquiring
self-regulated learning strategies early on. Digital learning environments are an ideal platform
to provide pre-service teachers with self-regulated learning strategies in an adaptable manner
and create ideal learning conditions (Ng, 2015). When designing digital learning
environments, it is important to consider students' individual needs. A person-centered
approach can provide a basis for future learning environments based on individual learning
profiles. However, there is still a lack of knowledge about individual differences in SRL
among learners, and previous studies analyzing SRL profiles of students have provided
varying numbers of profiles. Additionally, pre-service teachers as a special target group and
the effects of different learning environments (e.g., synchronous and asynchronous learning)
have been neglected, highlighting the need for further investigation. Therefore, Study Il aims
to investigate the individual characteristics of pre-service teachers in two different learning

environments to promote SRL. The objective is pursued through three research questions.
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Research question one investigates whether there are different SRL profiles for pre-service
teachers and determines their number. Research question two investigates whether SRL
training has different effects on persons with different SRL profiles. Finally, the third research
question examines whether different types of learning environments (synchronous,
asynchronous) have different training effects depending on the SRL profiles. By investigating
the research questions posed, the study contributes to research into the differential effects of
learning in digital learning environments on pre-service teachers and promotes the derivation
of recommendations for the development of learning environments that offer adaptive

learning opportunities tailored to users.

3.3 Study III

As appeared in Chapter 2.1.3, studies uncovered that pre-service teachers regularly have
divided or disorganized information on SRL procedures and strategies (Lawson et al., 2019;
Ohst et al., 2015), causing incapable instructing of SRL methodologies within the classroom.
It is vital to prepare pre-service teachers with SRL information and strategy knowledge to
assist their pupils’ development of SRL skills. Since pure e-learning environments require a
high degree of discipline to complete them on time (Wong, 2007), Study Il presents a
potentially more motivating approach to promoting SRL among pre-service teachers by
developing a digital educational game (Chang et al., 2017). The educational game “Regulatia”
aims to foster SRL knowledge and skills by integrating play with instructional materials.
During the game, pre-service teachers acquire SRL strategies and discover how to teach them
to their future pupils. Hence, the game has the potential to make significant contributions to
pre-service teacher training. To ensure Regulatia fits user needs, Study Il evaluates the first
functional prototype's usability and user experience, which can affect the game's success
(Boulay et al., 2011; Pinelle et al., 2008). Three research questions are examined: First, we
examine whether Regulatia is perceived as user-friendly. Second, we assess learners’
perception of the different game elements, and third, we gather the game’s strengths and
weaknesses to improve the prototype further.

3.4 Study IV

To enable children to learn in a self-regulated way, SRL should be encouraged as early as
possible. As described in Chapter 2.4, SRL can be supported in different ways, for example,

directly and indirectly by the teacher. Digital games provide an innovative way to educate
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students in the classroom, as well-designed games can adapt to their individual needs (Plass &
Pawar, 2020). Additionally, digital games provide a safe and supportive learning environment
where students can make mistakes and learn from them. This “graceful failure” (Plass et al.,
2015, p. 261) leads to mastery experiences, increasing pupils’ motivation and self-efficacy.
Digital games facilitate a learner-centered approach, empowering students to actively create
their own learning experiences within the game. According to Admiraal et al. (2011), pupils
are a group that is often “bored and disengaged” (p. 1185), which is why DGBL interventions
could promote their motivation. DGBL has been shown in prior meta-analyses to have
beneficial effects on learning at all educational levels, from elementary school to university
(Clark et al., 2016; Lamb et al., 2018; Wouters et al., 2013). However, the research in these
studies was limited to work done until 2015. Technological development has advanced
rapidly in the last five years, opening new possibilities for DGBL interventions. Games are
easier to create and more affordable for teachers and researchers to use. The quantity of
digital devices in schools has increased as a result of the ongoing digital transformation.
These digital devices have improved graphics and memory capacity, which has made it easier
to implement DGBL interventions in schools in recent years. Moreover, more intricate
textures and game mechanics can be used in game development. Because of this, comparing
DGBL interventions from ten years ago to those from the present is challenging. Furthermore,
generalizing the results to particular subgroups is not possible because prior meta-analyses
looked at a broad variety of target groups. Because students’ motivational needs predispose
them to benefit from DGBL interventions, Study IV looks at studies that focus on the pure
school context and span a shorter, more recent period (2015-2020). In contrast to
conventional learning techniques, the goal is to ascertain how well DGBL interventions,
which are based on the Integrated Design Framework for Playful Learning (Plass et al.,
2015), affect the SRL components measured through cognitive, metacognitive, and affective-
motivational learning outcomes. Since metacognitive outcomes have never been studied
before, this analysis expands on earlier meta-analyses. In addition, Study IV investigated not
only the main effects of DGBL on various learning outcomes but also the effects of individual
factors, learning environment factors, and confounding factors in order to derive
recommendations for scientific and educational practice regarding the creation and use of

digital games.
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4 Overview of the Published Studies

4.1 Study I

Barz, N., Benick, M., Dorrenbacher-Ulrich, L. & Perels, F. (2024). Students’ Acceptance of
E-learning: Extending the Technology Acceptance Model with Self-regulated Learning and
Affinity for Technology. Discover Education, 3(114). https://doi.org/10.1007/s44217-024-
00195-7.

Abstract

The present study examines university students’ acceptance of e-learning according to the
Technology Acceptance Model (TAM). We also investigate the influence of external factors,
including self-efficacy with digital media, self-regulated learning, prior experience, and
affinity for technology, to extend the model with valid individual factors. Structural equation
modeling with maximum-likelihood estimation served to evaluate the proposed research
model, which included online questionnaire data from N = 225 undergraduates studying
various subjects in 53 universities. The results indicate that the TAM is replicable regarding e-
learning for German-speaking university students. Additionally, we found self-regulated
learning and affinity for technology to be significantly positively related to the two main
components of the TAM, perceived ease of use and perceived usefulness, implying their
importance in technology acceptance. However, self-efficacy with digital media and prior
experience showed no significant impact on university students’ technology acceptance. We
also found a significant positive relationship between attitudes toward e-learning and
behavioral intention, showing that university students with positive attitudes are more willing
to use it in the future. Therefore, higher education should consider students’ individual
prerequisites for e-learning and support students during the use of e-learning environments to

promote the development of positive experiences and attitudes toward e-learning.

4.1.1 Theoretical Background and Hypotheses

As discussed in Chapter 2.2, digital learning environments have the potential to provide
optimal learning conditions and enhance learners' future skills. The current study is based on
Davis's (1989) TAM, which predicts users’ acceptance of technology and focuses on two
main components that influence attitude, namely, perceived ease of use (PEU) and perceived

usefulness (PU). According to the model, users are more likely to adopt a positive attitude



42

toward a particular technology if they believe it to be practical and advantageous for their own
performance (Zheng & Li, 2020). Additionally, adopting a positive mindset regarding the
technology heightens users' behavioral intention to utilize it (Drueke et al., 2021).

Despite the well-established examination of TAM, there are still research gaps. The current
study's goal is to incorporate two new factors—SRL and affinity for technology—into the
TAM, along with other important factors necessary for effective e-learning. Furthermore, the
study examines two inconsistencies in the model: self-efficacy and prior experience. While
the learning variables that have been discussed can help learners succeed in online learning
environments, even the best preconditions are meaningless if students are unwilling to use the
platforms. Pan (2020) reports that university students who have a low acceptance of
technology use fewer digital devices than those who have a high acceptance of technology. To
improve the model's capacity for explanation, the TAM was expanded over time to include
external variables, e.g., prior experience (Ros et al., 2014). SRL plays a key role in the
effectiveness of online learning. Due to the high degree of autonomy afforded by e-learning
environments, learners must schedule their interactions with the material, maintain
motivation, and evaluate their progress (Broadbent & Poon, 2015). The influence of SRL as
an external factor remains unclear, as previous studies have only examined SRL as a result of
technology acceptance in the TAM (Schlag & Imhof, 2017). Since SRL is a crucial
prerequisite for digital learning (Kizilcec et al., 2017), the current study examines it as an
external factor in the TAM. SRL's component structure has not yet been evaluated in TAM,
adding to the body of research showing how SRL influences technology acceptance.
Additionally, when learning through e-learning, a person's affinity for technology also
matters. According to Karrer et al. (2009), affinity for technology is a personality trait that is
defined by a favorable attitude toward technology, excitement for it, and a concomitant level
of trust in electronic gadgets. We included the affinity for technology as an external factor in
TAM exploratorily because positive attitudes toward it may increase a person's likelihood of
accepting it. Another important factor to consider in TAM is self-efficacy. It represents
“people’s beliefs about their capabilities to exercise control over events that affect their lives”
(Bandura, 1989, p. 1175).

Given its significance as a motivating component of SRL, self-efficacy has been incorporated
into a number of theoretical models of SRL (Panadero, 2017). It affects, for instance, whether
or not a learning activity is started (Zimmerman, 2000). Individuals with low self-efficacy
may experience discouragement and delay beginning their task, whereas learners who are

confident they can solve an exercise will probably work toward a solution. According to
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Bandura's (2006) theory, self-efficacy is context-dependent and, once established, context-
stable. Self-efficacy with digital media is crucial when it comes to the particular context of e-
learning. As a result, it symbolizes people's confidence in their ability to use digital media
(such as e-learning environments) and their belief that they can get past technical challenges.
Previous research has shown that computer self-efficacy has been frequently implemented in
TAM but not self-efficacy with digital media.

One of the most studied external factors in TAM, along with self-efficacy, is prior experience;
however, results for these constructs regarding university students are not consistent.
Abdullah and Ward (2016) examined the most often utilized TAM factors for various target
groups in their systematic review. Overall, they discovered positive findings about the impact
of both self-efficacy and prior experience on technology acceptance; however, when
concentrating on the student population, they discovered that 33% of the studies on self-
efficacy and 78% of the studies on prior experience failed to find a significant impact on
technology acceptance. This necessitates a deeper examination of the two student population
factors. As a result, the current study aims to analyze the impact of factors for successful e-
learning as external factors in the TAM, including prior experience with e-learning, self-
efficacy with digital media, affinity for technology, and SRL. We deduced a hypotheses-based
structural equation model (SEM), assuming a positive relation of the TAM-variables PEU and
PU in hypothesis 1 (H 1) and their positive impact on attitude towards e-learning (H 2, H 3).
According to the model, we hypothesized that a positive attitude toward e-learning passively
impacts the behavioral intention to use e-learning (H 4). For SRL, we assumed a positive
relation with PEU (H 5) and PU (H 6). For self-efficacy with digital media, we hypothesized a
positive impact on PEU (H 7), PU (H 8), behavioral intention (H 9), and SRL (H 10). We also
suggested a positive relation of prior experience with PEU and PU (H 11 and H 12), and the
same assumptions were applied to the affinity for technology (H 13 and H 14).

4.1.2 Procedure and Methods

The sample comprised N = 225 undergraduates studying different subjects (20% male, 78%
female, 0.8% diverse, 1.2% no information) from 53 German-speaking universities.
Participants were M = 23.18 years on average (SD = 4.67) and in their fourth semester of
studies (M = 4.23, SD = 2.75).

The data were assessed via an online survey implemented on the Tivian platform. The

participants took approximately 15 minutes to complete the questionnaire. The questionnaire
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included eight scales to measure the relevant constructs. Perceived usefulness was assessed
with six items (Masrek et al., 2010) and perceived ease of use was examined by using the
System Usability Scale (Brooke, 1996) consisting of ten items. Attitude toward e-learning
was measured with 12 items (Mishra & Panda, 2007), and the behavioral intention to use e-
learning was examined with three items (Venkatesh & Bala, 2008). Self-efficacy with digital
media was measured with a combined scale comprising five items by Lin et al. (2016) and
two items by Hung (2016). Affinity for technology was assessed with 19 items (Karrer et al.,
2009). These scales used a five-point Likert scale (1 = “totally disagree”, 5 = “totally agree”).
SRL was assessed with 55 items (Dorrenbécher & Perels, 2016) that could be assigned to
three different subscales, representing the three components of SRL (cognition,
metacognition, and motivation). Prior experience with e-learning was determined with a self-
designed item. For these scales, a four-point Likert scale was used (1 = “totally disagree”, 4
= “totally agree”). All scales reached an acceptable to excellent level of reliability for the
sample (Cronbach’s o = .66 - .96).

Descriptive and correlational analyses were conducted using SPSS. To examine our
hypotheses, we performed SEM in R. Due to the small sample size and violation of the
normal distribution assumption, item parceling was applied to compensate for non-normality
and to reduce the required sample size. Three parcels per factor were created using the single-
factor method, ensuring equal factor loadings (Kenny, 1979) for all constructs except for
SRL. Due to its multidimensionality, the three components of SRL (cognition, metacognition,
and motivation) were represented by building the three facet-representative parcels. To
confirm the reliability and validity of the examined constructs, a measurement model was
tested. In the next step, we tested the proposed structural model by examining the causal
relationships between the constructs. A significance level of a = .05 was postulated for all

statistical tests.

4.1.3 Results

To evaluate our proposed research model, we followed a two-step procedure. Firstly, the
measurement model was examined to determine its fit, reliability, and validity regarding
convergent and discriminant validity. Secondly, the structural model was analyzed using SEM
and maximum-likelihood estimation.

To examine the fit of the measurement model, the y?-test, along with indices such as the
comparative fit index (CFI), the standardized root mean square residual (SRMR), and the root
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mean square error of approximation (RMSEA) were used. All indices met the cut-off criteria
according to Hu and Bentler (1999), indicating the model’s robustness (CFI = .96, SRMR =
.04, RMSEA = .05). However, the y*-test resulted in a significant deviation from the given
data (x?(218) = 338.40, p <.001) for the model. If all the indicators used are considered
together, the overall impression is of a robust model.

To achieve a reliable measurement model, we followed Fornell and Larcker's (1981)
specifications. After removing all items with factor loadings lower than .50, the factor
loadings of the selected items were between .50 and .97, indicating a reliable measure. The
convergent validity was confirmed by the high internal consistency (Cronbach’s a = .80-.96)
and the high average validity extracted (AVE = .57-.90). Because all correlations between the
latent variables are smaller than .80 and the squared correlations are smaller than the AVE,
discriminant validity can be assumed according to (Kline, 2016).

The evaluation of the structural model revealed a good model fit for the indicating parameters
(CFIl = .95, RMSEA = .06, SRMR = .07), with the exception of the y¥-test (¥*(213) = 365.06,
p < .001). After verifying the fit of the structural model, we investigated the structural paths,
t-values, and the variance explained (R?). Seven of the hypothesized paths between the latent
constructs were significant and in the proposed direction. There was no significant
interrelationship between PEU and PU (H1 rejected), but both constructs influenced the
attitude towards e-learning positively (H2 and H3 accepted), which, as hypothesized, had a
positive influence on behavioral intention (H4 accepted). For SRL, a positive relationship
with PEU and PU could be confirmed (H5 and H6 accepted). However, the results showed no
significant positive influence of self-efficacy with media on PEU, PU, behavioral intention, or
SRL (H7 to H10 rejected). Prior experience did not affect PEU, PU, or behavioral intention
(H11 to H13 rejected). Affinity for technology was found to be a positive predictor of PEU
and PU (H14-H15 accepted).

The model's visualization is presented in Figure 2. Findings show that both the affinity for
technology and SRL together explain 7% of the variance in PEU and 21% of the variance in
PU. The combined effect of PEU and PU was found to explain 73% of the variance, while the

attitude explains 10% of the variance in behavioral intention.
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Figure 2
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4.1.4 Discussion

Study | examined students’ technology acceptance in e-learning environments based on the
TAM (Davis, 1989). To enhance the traditional TAM, we also explored additional external
factors, such as self-efficacy with digital media, SRL, prior e-learning experience, and affinity
for technology.

The study revealed that university students' attitudes toward e-learning are significantly
influenced by the perceived usefulness (B = .10) and perceived ease of use (B = .83) of the e-
learning environment. The findings demonstrated that PU had a greater influence on attitudes
than PEU. University students who found e-learning platforms easy to use and navigate had
more positive attitudes than those who found the platforms difficult and not user-friendly. As
a result, we could apply and reproduce earlier research on e-learning (e.g., Cheung & Vogel,
2013; Chibisa et al., 2022; Ratna & Mehra, 2015). Furthermore, a positive relation was
observed between the behavioral intention to use e-learning in the future and attitudes toward
it (B = .32), indicating that highly positive attitudes toward e-learning increase the likelihood
of future use by university students. The results of earlier studies on e-learning (Hanif et al.,

2018; Ranellucci et al., 2020) are consistent with these findings.
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Despite our initial hypothesis, we discovered that there is no significant relationship between
PEU and PU, which aligns with previous studies (e.g., Koutromanos et al., 2015). However,
Wong (2015) and Teo and Milutinovic (2015) found evidence for a relationship between the
two constructs. Our sample had high e-learning experience (M = 3.45), possibly affecting the
relationship. Given the prevalence of e-learning due to the COVID-19 pandemic, students
may have lower difficulty using e-learning environments but higher expectations for
usefulness, diminishing the influence of PEU on PU. In summary, while PEU and PU impact
attitudes and behavioral intention toward e-learning, there is no direct path from PEU to PU.
We moreover inquired about the impact of external factors such as self-efficacy with digital
media, SRL, prior experiences with e-learning, and affinity for technology on university
students' acceptance of e-learning. Although computer self-efficacy had a positive impact in
the TAM context previously, the current research did not find any evidence to support digital
media self-efficacy as an external factor in the TAM. For e-learning, self-efficacy with digital
media might be too global due to its context specificity, which is why our study found no
positive correlation with PEU and PU. Due to the high level of self-efficacy our sample
exhibited with digital media (M = 3.98), there was a ceiling effect and variance restriction. It
appears that students are convinced they can use the system regardless of the amount of effort
required, so it does not matter if e-learning is viewed as helpful or user-friendly anymore. Due
to a strong preference for in-person events during and after the COVID-19 pandemic, self-
efficacy did not appear to have an impact on the behavioral intention to use e-learning (Mali
& Lim, 2021).

In addition, there was no discernible predictive relationship between SRL and self-efficacy,
contrary to what the existing literature (e.g., Sadi & Uyar, 2013; Zhu et al., 2020) assumes.
The degree to which this study's self-efficacy and SRL items match may cause some concern.
Digital media is specifically addressed in the self-efficacy assessment items of the SRL
questionnaire, which pertains to learning in general. The absence of a possible effect might
have resulted from this deviation. Moreover, self-efficacy had no effect on behavioral
intention, which is at odds with previous research. Many studies have found that behavioral
intention toward e-learning positively correlates with self-efficacy (Cheung & Vogel, 2013;
Joo et al., 2018). The wording of the self-efficacy items may explain this if it is not explicit
enough. SRL significantly affects both PU (B =.24) and PEU (B =.17). In online learning
environments, PEU and PU are typically higher among university students with stronger self-
regulation abilities. This is because SRL covers competencies like goal-setting and

monitoring that are necessary for learning in digital environments (Azevedo et al., 2010).
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Better learning outcomes result from people with SRL finding e-learning more convenient
and helpful. Conversely, previous experience did not prove to be a predictor of behavioral
intention, PEU, or PU. According to the research, e-learning experience is not always a
guarantee that one will find it helpful or easy to use. The students in the sample had a lot of
experience with e-learning. Owing to the pandemic's digital teaching, students now regularly
study in e-learning environments. These encounters, however, were not always voluntary, so
they cannot be used as a predictor of PU, PEU, or behavioral intention. These findings
conclude that prior adoption of an appropriate learning strategy precedes an increase in PEU
or PU, but prior use of e-learning does not guarantee such an outcome.

The affinity toward technology was a recently added external component to the model. The
findings support the hypothesis that students who are receptive to new ideas and open to
utilizing them find e-learning environments to be easy to use and beneficial. On the other
hand, a bad impression will arise from university students who detest technology and avoid
using e-learning.

The study replicated the TAM for e-learning among German-speaking university students and
identified additional external factors, such as self-regulated learning and affinity for
technology. However, the study has limitations, including a small sample size and non-normal
data distribution. Item parceling was used to compensate for this, but it comes with
controversy due to the potential loss of information (Little et al., 2013). Additionally, several
items representing SRL’s motivational component were omitted because of low factor
loadings, potentially missing important motivational aspects.

The assessed data's reliance on self-reporting raises methodological concerns about potential
bias and intentional deception to appear favorable. To enhance the study's robustness, a
mixed-methods approach, such as using both self-report questionnaires and interviewing close
contacts, could have been employed to assess attitudes toward e-learning. Additionally, the
study's general assessment of SRL without a specific focus on e-learning may have affected
its alignment with other e-learning-specific scales. The broad definition of e-learning Clark
and Mayer (2016) used in the study may have led to varied participant interpretations and
possible confounding of results due to the heterogeneous nature of e-learning components.
Lastly, the study did not assess actual e-learning use, relying solely on participants' behavioral
intentions without examining their actual behavior. For the first time, Study | employed the
component structure of SRL as parcels to serve as an input for the TAM rather than an output.
The findings offer a first understanding regarding the consideration of SRL as a determinant

for technology adoption in the future and strengthen the importance of SRL as a prerequisite
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for online learning. According to Study I, tech-inclined students with strong SRL abilities will
be more receptive to online learning. Thus, it is critical to foster SRL skills as early as
possible by introducing explicit strategy use in university courses. By encouraging a positive
attitude toward e-learning and technology through mastery experiences, technology-related

fears can be reduced by engaging with digital media and methodical use of e-learning.
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4.2 Study Il
Barz, N., Benick, M., Dorrenbécher-Ulrich, L. & Perels, F. (2024). Fostering Self-regulated

Learning in Pre-service Teachers Using Synchronous or Asynchronous Digital Learning
Environments: A Latent Profile Analysis of Pre-Service Teachers’ Individual Differences.
Frontiers in Education, 9:1445182. https://doi.org/10.3389/feduc.2024.1445182

Abstract

Self-regulated learning 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.

4.2.1 Theoretical Background and Research Questions

As discussed in Chapter 2.3, research indicates that students who possess the ability to self-
regulate their learning are more likely to succeed in digital learning environments and to
finish tasks without interruption than students who lack these skills (Alhazbi & Hasan, 2021).
Since SRL has been shown to improve learning across all subject areas (Dent & Koenka,
2016), it is important to promote SRL from an early age. Pre-service teachers have a special
responsibility to support their students' SRL, but they also need to have the necessary skills to
help students understand the concept.

For this reason, it is imperative that pre-service teachers are exposed to SRL as early as
possible in order to equip them with the knowledge and abilities needed to instruct students in
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explicit learning strategies and act as models for their pupils in the classroom (Peeters et al.,
2014).

For pre-service teachers to receive SRL strategies in a flexible and safe manner, digital
learning environments are a suitable setting. Taking into account each student's unique
learning needs is essential to creating digital learning environments that are effective (Wong,
2023). This requirement appears to be best served by a person-centered approach, as
individual learning profiles can be examined and used as a foundation for developing future
learning environments. For the number of pre-service teachers’” SRL profiles, research
findings are still inconsistent, and only a few studies are focusing on this special target group.
For pre-service teachers, two-profile solutions (Huang et al., 2021) and three-profile solutions
(Heikkila et al., 2012; Muwonge et al., 2020) were reported. However, there are also studies
with university students revealing four-profile (Araka et al., 2020; Ddorrenbécher & Perels,
2016; Schwam et al., 2020) or even five-profile solutions (Barnard-Brak et al., 2010) which
might be transferable to pre-service teachers as a subgroup of university students. The results
that are being presented show varying numbers of SRL profiles for pre-service teachers and
university students, which makes determining the precise number of profiles challenging. It is
possible to categorize SRL competencies by analyzing SRL profiles, which provide insight
into learners' requirements. This presents the option of encouraging a deficiency in
competencies for students with low SRL profiles or customizing learning settings for students
with advanced SRL abilities.

Chapters 2.3 and 2.4 show that SRL is a prerequisite for learning in digital environments and,
simultaneously, a competency that can be improved in digital learning environments.

The lack of in-person interactions in digital learning environments highlights how crucial
communication is. It can be distinguished between synchronous and asynchronous
communication. Synchronous communication is defined as the teacher-student exchange that
takes place in real-time (Alhazbi & Hasan, 2021; Amiti, 2020; Shahabadi & Uplane, 2015).
Online instruction and learner-oriented interaction are made more accessible by synchronous
technologies, such as virtual meetings and live discussions (Giesbers et al., 2014; Watts,
2016). Asynchronous communication does not rely on time, so both the teacher and the
students can participate at different times (Amiti, 2020). Learning materials are prepared by
the teacher, and communication happens through asynchronous technologies like recorded
lectures, forums, or messaging platforms (Alhazbi & Hasan, 2021; Reese, 2015). Whereas
asynchronous communication increases student engagement with the content because learners

have more time to interact with, process, and reflect on the learning material, synchronous
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learning is adequate for collaborative learning because synchronous tools offer a high level of
media richness, facilitating a more profound learning process (Rockinson-Szapkiw & Wendt,
2015). Compared to synchronous learning, students can achieve higher levels of cognitive
achievement when they are allowed to reflect on a problem and formulate their response
instead of responding immediately. This enables them to participate in critical thinking and
generate higher-quality responses (Ogbonna et al., 2019). To summarize, both synchronous
and asynchronous learning environments can potentially promote SRL (Shahabadi & Uplane,
2015), but it is still unclear whether there are differences regarding the effectiveness of SRL
training between both communication styles.

Therefore, the purpose of this study is to compare the efficacy of SRL training with respect to
the acquisition of SRL strategies and knowledge, as well as to investigate the individual SRL
characteristics of pre-service teachers in two digital learning environments: synchronous
online seminars and asynchronous e-learning.

The need for more research is highlighted by the paucity of information regarding the
individual differences among learners in SRL and the fact that studies examining students'
SRL profiles offer varying numbers of profiles while ignoring the unique target group of pre-
service teachers. Furthermore, more research is required to examine how individual
preferences in synchronous and asynchronous learning environments affect SRL's
promotability. Consequently, the current investigation looks into the following three research
questions: (1) Are there different SRL profiles for pre-service teachers, and if so, how many?
(2) How does 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?

4.2.2 Procedure and Methods

The sample included N = 145 pre-service teachers (72% female, 26% male, 0,7% diverse,
0,7% not specified) from a university in southwestern Germany who were, on average, M =
24.24 years old (SD = 4.50). The participating pre-service teachers were in their seventh
semester of studies (SD = 2.09). The students were selected from preexisting compulsory
courses in educational science. Each course (n = 11) was randomly assigned to one of the two
training conditions (synchronous online seminar, asynchronous e-learning). Thus, n = 90
students participated in the asynchronous e-learning condition, and n = 51 students

participated in the synchronous online seminar. An online survey was used to collect data
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before the intervention (pretest) and after the six-week training (posttest). The average
duration to complete the questionnaire was 20 minutes.

To predict student’s SRL profiles, the self-reported use of SRL strategies was examined with
an SRL scale (Dorrenbacher & Perels, 2016) comprising 56 items and representing all three
phases of Zimmerman’s SRL model (2000). A four-point Likert scale (1 = “totally disagree”,
4 = “totally agree”) was used in the questionnaire. An overall score, as well as sub-scores for
the different components of SRL (cognition, metacognition, motivation), were calculated, and
acceptable to high-level reliability was indicated for the sample (Cronbach’s o = .61 - .93).

To determine whether participants experienced training gains, declarative SRL knowledge
was measured with a knowledge test (Dorrenbdcher-Ulrich et al., 2019). A research assistant
scored each answer using a standard sample solution, with a total of 28 possible points.
During the six-week training intervention, the participants were divided into two learning
environments, namely asynchronous e-learning and a synchronous online seminar.
Zimmerman's (2000) SRL model provided the basis for the training content and material. In
the synchronous online seminar, a trained instructor offered a weekly online seminar via MS
Teams, whereas the participants in the asynchronous e-learning environment had six weeks to
complete an e-learning course on Moodle on their own. The content in both conditions
included six topics (see Table 1). The content was identical in both training conditions; the
learning environments only differed in the communication style and the presence of an

instructor.

Table 1

Topics and Their Classification into SRL Phases and Components

SRL Phase Topic Component

Forethought Goal setting Metacognitive

Time management Metacognitive

Self-efficacy and self-motivation Motivational

Performance Motivational

Stress and concentration

Learning strategies Cognitive

Reflection Self-reflection and causal attribution Metacognitive / Motivational
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A latent profile analysis (LPA) was conducted with MPlus to identify an ideal number of
learning profiles based on the scores of the SRL component subscales. The fit of the
competing models was determined by using 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). The classifications
were transferred to SPSS. To investigate how the SRL training affects pre-service teachers
with different SRL profiles and whether the communication style influences learning
regarding pre-service teachers’ SRL profiles, analyses of variance (ANOVA) were performed
to compare training gains for SRL strategy use and declarative SRL knowledge in the two

different learning environments.

4.2.3 Results

Regarding research question one, the results revealed the best fit for a three-class solution for
pre-service teachers’ SRL profiles. The two-class solution could not fulfill the .80 threshold
for the entropy, and it had the highest AIC value. The four-class solution resulted in a slight
increase in BIC but a decrease in AIC, as compared to the three-class solution. Although both
models had the same classification accuracy, the LMRT p-value was significant only for the
three-class solution and not for the four-class solution. The three-class solution had lower BIC
values than the five-class and six-class solutions, and the p-value was insignificant for both

models. Table 2 shows the fit indices for all estimated models.

Table 2

Fit Indices for all Estimated Models

Classes df BIC AIC Entropy LMRT
(p-value)

2 10 340.05 310.78 73 <.001

3 14 320.49 279.51 .84 <.001

4 18 326.41 273.72 .84 .108

5 22 338.76 274.36 .87 .368

6 26 351.80 275.70 .86 .816

Note. df = Degrees of freedom, BIC = Bayesian Information Criterion, AIC = Akaike
Information Criterion, LMRT = Lo-Mendell-Rubin Test
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Three profiles were identified based on participants’ SRL components. Profile 1 represented
the smallest group (5%) with low values on all SRL components (“low SRL”), Profile 2
(37%) had high values on all three components (“high SRL”), and Profile 3 (58%) showed
moderate values in the motivational component and low values in the cognitive and
metacognitive components (“moderate SRL”).

To verify the validity of the profiles, separate univariate ANOVAs were conducted, with each
SRL component being the dependent variable and the profiles being the independent variable.
As expected, due to the LPA, the results showed significant variations between all three
profiles concerning all SRL components, with all Scheffé p-values being less than .001. There
were no significant differences between the profiles in terms of declarative SRL knowledge
before the intervention (F (2,135) = 2.26, p =.109, n? = .03).

Regarding the training effect on self-reported SRL strategy use and declarative SRL
knowledge based on the SRL profiles and the communication style (research questions two
and three), two ANOVAs were conducted with time (pretest/posttest) as within-subject factor
and profiles and training conditions (synchronous/asynchronous) as between-subject factors.
The dependent variables of SRL strategy use and declarative SRL knowledge were analyzed
separately.

For SRL strategy use, the findings hint at significant differences regarding training gains
between the profiles (F (2,112) = 5.35, p = .006, n? = .10). According to the Scheffé post-hoc
comparisons, there were significant differences among all profiles (p < .001). The results
neither indicated an interaction of time and condition (F (1,112) = .02, p = .896) nor an
interaction of both factors with the profiles (F (2,112) = .13, p = .883). Figure 3 illustrates the

difference in the average self-reported use of SRL strategies before and after the intervention.
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Figure 3
SRL Strategy Use Means and Their Progression
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Note. The two groups (synchronous/asynchronous) are averaged in the figure.

Wilcoxon tests were used to analyze the training gains of different profiles with SRL strategy
use as the dependent variable. The SRL strategy use increased in persons with the low (z =
2.03, p = .043) and the moderate profile (z =-3.09, p = .002) after training, but not for persons
with the high profile (z = -.15, p = .882).

For declarative SRL knowledge, all participants showed a statistically significant increase in
their declarative SRL knowledge (F (1,112) = 62.78, p <.001, n? = .36) which was not caused
by the profiles due to the lacking time*profile interaction (F (2,112) = 0.14, p = .869, 12 =
.00). The mean change in declarative SRL knowledge is presented in Figure 4. The results
indicate a dependence of the training gains on the communication style (F (1,112) = 4.46, p =
.037, n? = .04) because the asynchronous e-learning condition reached higher scores in the
declarative knowledge test than the synchronous seminar condition. However, this increase
was independent of the profiles (F (2,112) = .15, p = .864, n? = .00).
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Figure 4
SRL Knowledge Means and Their Progression After the Intervention
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Note. The two groups (synchronous/asynchronous) are averaged in the figure.

4.2.4 Discussion

In Study I, we aimed to explore how the individual SRL characteristics of pre-service
teachers impact the effectiveness of two digital learning environments using a person-oriented
approach. Additionally, we compared synchronous and asynchronous communication styles
in terms of self-reported SRL strategy use and SRL knowledge.

The results indicate three different SRL profiles of pre-service teachers: a low, a moderate,
and a high SRL profile. This is consistent with research that also found a three-class solution
(Ainscough et al., 2019; Chen et al., 2023; Esnaashari et al., 2023; Muwonge et al., 2020).
The smallest group in our sample was the low-profile group. The majority of people were
classified as having a moderate profile. The motivational component is especially stressed for
both the low-profile and the moderate-profile groups; however, the profiles are most different
in terms of the cognitive and metacognitive components. This is consistent with research by
Hirt et al. (2021), who found that people with high SRL use more cognitive and
metacognitive strategies, while people with low SRL use fewer cognitive strategies. More

than 60% of the participants were classified as having a low or moderate SRL profile,



58

indicating room for improvement. These findings support the need for pre-service teachers to
receive SRL training.

In terms of SRL strategy use, individuals in the low profile appeared to benefit most from the
training, as evidenced by their highest gains in this area, which approximated the moderate
profile in terms of compensation effect. This is consistent with the findings by Esnaashari et
al. (2023), who ran a 12-week blended learning course and found that university students with
low SRL profiles used SRL strategies at similar levels to those with average SRL profiles
after the course. Unlike the current study, Dorrenbacher and Perels (2016) discovered that
students with a moderate SRL profile also showed a compensatory effect, benefiting more
from an eight-week training intervention than students with a low or high profile.

In terms of declarative SRL knowledge, all profiles showed a significant increase in
declarative SRL knowledge; however, the low profile scored much lower than the moderate
and high-profile groups. In the declarative knowledge test, individuals in the low-profile
group scored less than half of the possible points (35%), while those in the moderate- and
high-profile groups only achieved 50% correct answers despite a significant increase in
knowledge across all groups. While this validates the efficacy of the instruction, it also
indicates that the participants were unable to fully utilize the training material to improve their
declarative SRL knowledge.

A potential limitation may be that the six-week training period was insufficient, given the
volume of information imparted to the participants. This is consistent with Chen's (2022)
meta-analysis, which supports the notion that students require sufficient time to develop self-
regulation skills, particularly when the interventions are carried out in real-world settings.
Furthermore, the training's efficacy might have been impacted by the participants' motivation
and enthusiasm for the subject. Because the study was conducted in various required elective
courses, some participants may not have been as motivated or interested, which would have
limited their ability to get the most out of their training. It is interesting to note that there
appears to be a disconnect between declarative SRL knowledge and self-reported SRL
strategy use, as indicated by the lack of correlation between the two constructs
(Dorrenbécher-Ulrich et al., 2021). High-level SRL knowledge in our sample does not
necessarily translate into high-level SRL usage. Those with high levels of SRL knowledge
may also employ a variety of SRL strategies, but they may not be aware of doing so and so be
unable to report it on a questionnaire.

We found that there were no significant differences in SRL strategy use between

asynchronous and synchronous learning environments after training. Both groups increased
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their strategy use, suggesting that both communication types effectively support SRL strategy
training. Participants in the asynchronous e-learning condition showed higher training gains in
declarative SRL knowledge compared to the seminar condition, possibly due to more time for
reflection and deeper processing of information (Lucas et al., 2014). Overall, the results
suggest that asynchronous environments may be more suitable for teaching SRL knowledge
due to their suitability for comprehensive and complex topics. The e-learning environment is
one limiting factor. There were students who finished the course ahead of schedule and others
who put it off until the last minute. The assessment did not check for adequate content; it just
documented course completion, not time spent. The methodology presents certain challenges,
such as a limited sample size, a small profile size for Profile 1, and low reliability for the
SRL's cognitive subscale. Additionally, the current study makes use of quasi-randomized
participant data from various courses taught by various instructors at the same university.
Multi-level model analysis may have been used to examine the potential impact of this nested
data structure on the results.

The results of Study Il highlight the significance of a person-centered approach when it comes
to digital learning environments in order to meet the unique needs of pre-service teachers. The
findings show that, generally speaking, SRL training for pre-service teachers with varying
SRL profiles is beneficial, particularly for declarative SRL knowledge. However, additional

modification is required to better serve students who already possess advanced SRL abilities.
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4.3 Study Il

Barz, N., Benick, M., Dorrenbacher-Ulrich, L. & Perels, F. (2024). The Evaluation of an
Educational Game to Promote Pre-Service Teachers’ Self-Regulated Learning. Entertainment
Computing, 52, 100836. https://doi.org/10.1016/j.entcom.2024.100836

Abstract

The present study describes the evaluation of Regulatia, an immersive web-based educational
game for pre-service teachers to promote self-regulated learning (SRL). Based on
Zimmerman’s model of SRL, learners immerse themselves in the underwater kingdom
Regulatia and must find a way back home. Regulatia fosters the use of SRL-specific
strategies and combines game elements with learning content. In this paper, the goal is to
evaluate the first functional prototype of the game, examining its usability as well as users’
game experience to create a basis for an effective game in the future. The findings based on a
sample of N = 31 pre-service teachers from a Southwestern German university indicate great
usability and a good feedback system, high perceived knowledge improvement, and pleasant
visual aesthetics. Potential for optimization was revealed for the scope and the level

progression of the game.

4.3.1 Theoretical Background and Research Questions

As shown in Chapter 2.4.4, the foundation for students' SRL development in the classroom
and their lifelong learning can be laid by using DGBL to support SRL in higher education and
among in-service teachers. Nonetheless, prior research on promoting SRL through DGBL has
not considered pre-service teachers. To avoid having to learn SRL strategies later in life and
better prepare pre-service teachers for their careers as classroom teachers, it is crucial to give
pre-service teachers strategies for teaching them during their studies. Because of this, the goal
of the educational game Regulatia is to enhance the knowledge and abilities of pre-service
teachers in SRL by fusing playful learning with theoretical learning. Pre-service teachers learn
SRL strategies through gameplay and gain experience in imparting them to their future
students. As a result, Regulatia, the first SRL game specifically designed with pre-service
teachers in mind, has the potential to impact teacher training significantly. Study Il looks at

three research questions to make sure the game meets the needs of its users: (1) Is the game
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perceived as user-friendly, represented through the game’s usability? (2) How do learners
perceive Regulatia, examined through the assessment of the participants’ user experience of
the different game elements playability, narrative, play engrossment, enjoyment, visual
aesthetics, feedback, challenge, and knowledge improvement?, and (3) What are the strengths
and weaknesses of the current prototype, assessed through open-ended questions regarding
what the participants liked and disliked about the game?

4.3.2 Procedure and Methods

The study comprised N = 31 pre-service teachers from a German university (74,2 % female,
25,8 % male) with an average age of 23 years (M = 22.58, SD = 3.15). The sixth semester (SD
= 3.93) was the average for the participating students. The study was conducted in two parts.
During the first part, participants were instructed to play the game Regulatia with an emphasis
on playing deliberately. According to the instructions, they could explore and use every
feature in the game. Participants were required to play until they reached level two and for at
least 30 minutes.

Zimmerman's (2000) SRL model served as the foundation for the game's theoretical content
and exercises, which addressed each of the three stages of self-regulated learning. Regulatia is
a learning game that creates an immersive experience through the use of an underwater
metaphor-based narrative. When players first launch the game, they find themselves in
Regulatia’s endless ocean after stumbling into an enigmatic vortex during their beach
vacation. The learners must free the imprisoned queen of Regulatia from the Coral Tower to
return home. Regulatia's self-regulation keepers possess the four pearls of self-regulation,
which the learners must obtain to save the queen. Traveling through Regulatia and completing
the self-regulation keepers' exercises is necessary for them to complete their mission.

There are six levels in the game, each designed to introduce a different element of
Zimmerman’s (2000) model and the associated learning strategies. Goal setting is addressed
in level one, level two focuses on time management, level three emphasizes self-motivation,
stress management is covered at level four, level five highlights learning strategies, and level
six centers on self-reflection and causal attribution. Each level is divided into two sections:
theoretical content relevant to the SRL strategy and four exercises consisting of a knowledge
test, a self-evaluation task, and two tasks that are strategy-specific. Before accessing the tasks,
participants must first read the theoretical material. Upon finishing all four tasks in a level,

learners get a self-regulation pearl, unlock a new level, and advance to a new area in
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Regulatia. In the study’s second phase, participants' data were evaluated through an online
survey conducted on the Tivian platform. It took the participants around 12 minutes to
complete the gquestionnaire, measuring two constructs. Usability was evaluated using the ten
items of the System Usability Scale (SUS, Brooke, 1996). The Game User Experience
Satisfaction Scale (GUESS, Phan et al., 2016) subscales “playability”, “narrative”, “play
engrossment”, “enjoyment”, and “visual aesthetics” were used to examine user experience.
Additionally, we included subscales for “feedback”, “challenge”, and “knowledge
improvement” (Ziagkas et al., 2020), resulting in 49 items in total for this construct. For all
measurements, a four-point Likert scale was utilized (1 = “strongly disagree ”, 4 = “strongly
agree”). With the exception of the "challenge” scale, all scales' levels of internal consistency
for the sample ranged from acceptable to excellent. At the end of the questionnaire, there were
two open-ended questions that allowed the participants to provide their feedback on the
prototype's strengths and weaknesses. "What did you like about Regulatia?" was the first
question, and "What did you not like about Regulatia?" was the second. Using SPSS, one-
sample t-tests, and descriptive analyses were performed to investigate usability and user
experience. A significance level of o =.05 was proposed for all statistical tests. A qualitative

analysis was done on the game's advantages and disadvantages.

4.3.3 Results

High usability of the game and moderate to high scores on all user experience subscales are
indicated by the descriptive data (see Table 3). There was a substantial difference between the
theoretical score mean of 2.5 and the subscales of feedback, knowledge improvement,
playability, and visual aesthetics, suggesting a positive user experience with these subscales.
There was no significant difference for the subscales narrative, play engrossment, and
enjoyment. For feedback, the effect size Cohen's d was low; however, for playability, visual

aesthetics, and knowledge improvement, it was high.
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Table 3
Descriptive Statistics and Results of the One-Sample t-tests

Scale Min Max M (SD) (30) 0 COI:;“’S

System Usability Seale 5550 750 7153 (12.04) - :

(SUS)

Feedback 1.50 4.00 2.77 (.60) 2.53* .08 45
Knowledge Improvement 2.00 4.00 3.02 (.56) 5.11** <.001 .92
Playability 2.22 3.89 3.16 (.43)  8.44** <001 1.52
Narrative 1.29 3.43 2.47 (.56) -0.25 401 -.05
Play Engrossment 1.20 4.00 2.60 (.71) 0.78 220 14
Enjoyment 1.20 4.00 2.70 (.75) 1.51 071 27
Visual Aesthetics 1.00 4.00 3.08 (.72) 4,43** <.001 .80

Note. * = p < .05, ** = p <.001, Min = minimum, Max = maximum, SD = Standard
deviation, Range SUS = 0-100, Range user experience scales 0-4.

The responses to the open-ended questions were grouped to assess the game's strengths and
weaknesses. We identified eight distinct categories based on the responses to the question,
"What did you enjoy about Regulatia?". These categories included graphical design,
narration, learning, self-reflection, content and structure, motivation, and task type. The
game's graphical design, which includes all visual representations like characters, graphics,
and color scheme, was the most often mentioned category (n = 16) and strength of Regulatia.
The narrative was praised for being understandable. Five players thought the game's content
was good for imparting knowledge. Participants also appreciated that the game promotes
introspection regarding in-game achievements.

We identified nine distinct categories based on the responses to the question, “What did you
dislike about Regulatia?", representing the game’s weaknesses. These categories included
scope and complexity, graphical design, technical problems, text design, instruction,
feedback, progress indicators, navigation, and task type. The scope and complexity of the
game was Regulatia's most commonly mentioned weakness (n = 9). Six participants thought
the graphical design was a weakness, despite some participants praising it as a strength. A few
participants have expressed concerns about technical issues, particularly issues with scaling

brought on by different screen sizes. Participants additionally suggested improving the text
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design, in-game feedback, and the ability to review completed levels and see an overview of
the levels.

4.3.4 Discussion

To encourage SRL in pre-service teachers, Study Il assessed the usability and user
experience of Regulatia, an immersive web-based educational game. According to the
findings, Regulatia is thought to be user-friendly and to elicit a positive user experience.
However, there is still an opportunity for improvement in terms of play engrossment,
narrative, and enjoyment.

Users did not report either a positive or negative experience with the game, as evidenced by
their assessments of the narrative, play engrossment, and enjoyment, showing no significant
difference from the theoretical scale mean.

The narrative’s fractional presentation during gameplay may be the reason for the non-
significant result. The game's exercises break up the narrative, which could counteract any
beneficial effects. It was also more difficult for the users to assess the narration because they
had only completed one level of the game and had never seen the entire story. Play
engrossment may have also been adversely affected by the narrative's perception (Adams,
2004). According to Cairns et al. (2014), play engrossment falls into the second stage of
immersion in Brown and Cairns' (2004) model, which involves attention and emotional
connection. The participants' moderate play engrossment may indicate that they are still in the
first immersion stage, which consists solely of the time and effort required to play the game.
Consequently, it may not have been appropriate to evaluate the users' gaming experience
solely based on play engrossment; instead, the three stages of immersion should be
investigated in the future. Although there is space for improvement in this area, the results do
not point to a lack of enjoyment. In order to increase the likelihood that users will play the
game again, enjoyment is a crucial construct that should be taken into account when
developing educational games (Boyle et al., 2012).

The qualitative analysis identified Regulatia's strengths as the graphical design, the depth of
the narration, and the type of knowledge imparted. The text design, technical issues, and
scope and complexity were identified as weaknesses. The sample is one limiting factor, as it
only includes individuals from one German university, which limits how broadly the results
can be applied. The possibility of receiving credit for the students' studies may have

encouraged people who were not intrinsically motivated to participate, even though a
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consciousness check was used. Because there was no controlled lab environment for this
study, participants used their own devices and conducted the study in their homes, which
allowed for unpredictable effects from the learning environment. Furthermore, learners did
not need to correctly complete the exercises in order to advance in the game, so it was up to
the students to deliberately complete the tasks. An overview of the learners’ task success or
required tasks might be included in a future version to prevent abuse. The current study may
have lost data because this aspect of user experience could not be investigated due to the low
reliability of the subscale "challenge™. Furthermore, it is not possible to conclude from the
current data how well the game promotes SRL.

Study 111 offers the first encouraging findings about the usability of Regulatia, which should
be evaluated for the entire game in the future, as well as the efficiency of the game in
encouraging SRL in pre-service teachers. After evaluating the game's effectiveness in
fostering SRL, Regulatia could be practically used to teach pre-service teachers. This would
raise the standard for teacher education and provide an alternative method for transferring
SRL knowledge. Well-informed teachers will pave the way for higher education by inspiring

and influencing upcoming generations of students.
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44  Study IV
Barz, N., Benick, M., Dorrenb&cher-Ulrich, L. & Perels, F. (2023). The Effect of Digital

Game-Based Learning Interventions on Cognitive, Metacognitive, and Affective-Motivational
Learning Outcomes in School: A Meta-Analysis. Review of Educational Research, 94(2), pp.
193-227. https://doi.org/10.3102/00346543231167795

Abstract

Digital game-based learning (DGBL) interventions can be superior to traditional instruction
methods for learning, but previous meta-analyses covered a huge period and included a
variety of different target groups, limiting the results’ transfer to specific target groups.
Therefore, the aim of this meta-analysis is a theory-based examination of DGBL
interventions’ effects on different learning outcomes (cognitive, metacognitive, affective-
motivational) in the school context, using studies published between 2015 and 2020 and meta-
analytic techniques (including moderator analyses) to examine the effectiveness of DGBL
interventions compared to traditional instruction methods. Results from random-effects
models revealed a significant medium effect for overall learning (g = .54) and cognitive
learning outcomes (g = .67). Also found were a small effect for affective-motivational
learning outcomes (g = .32) and no significant effect for metacognitive learning outcomes.
Additionally, there was no evidence of publication bias. Further meta-regression models did
not reveal evidence of moderating personal, environmental, or confounding factors. The
findings partially support the positive impact of DGBL interventions in school, and the study

addresses its practical implications.
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4.4.1 Theoretical Background, Research Questions and Hypotheses

When DGBL interventions are compared to traditional instruction methods, an increasing
amount of research suggests that the former has advantages. After DGBL interventions, there
have been increased learning gains (e.g., higher test scores) in domains like STEM education
(McLaren et al., 2017) and language learning (Franciosi, 2017). Because well-designed digital
games can adjust to learners’s needs and help teachers effectively handle heterogeneity in the
classroom, they present a creative way to teach students in the classroom (Plass & Pawar,
2020). With digital games, students can create their own learning experiences within the game
and benefit from learner-centered pedagogy.

According to earlier meta-analyses, young children and adults who play digital learning
games see higher learning gains than those who use traditional instruction methods (Clark et
al., 2016). Evidence also supports the beneficial effects of DGBL interventions on behavioral,
affective, and cognitive outcomes in the context of elementary school through university
(Lamb et al., 2018). Previous meta-analyses, which only included research up to 2015, concur
that DGBL can improve learning. Rapid technological development has occurred in the last
five years, which the current meta-analysis covers. This has created new technological
opportunities for DGBL interventions, such as the application of ever-more complex game
mechanics and detailed textures. However, it is challenging to compare current DGBL
interventions with those from ten years ago. Thus, there has been a renewed need to examine
the results of DGBL interventions in the last few years. Study IV examines only studies
published between 2015 and 2020 to create comparability between DGBL interventions and
integrate with the most recent meta-analyses. Moreover, it was challenging to apply the
results to particular subgroups because the earlier meta-analyses looked at a broad variety of
target groups. Study IV focuses on DGBL interventions in the school context because, as
previously mentioned, pupils greatly benefit from them.

Thus, the purpose of Study IV is to examine the impact of DGBL interventions in relation to
conventional teaching techniques only in the context of schools between 2015 and 2020. The
impact of DGBL interventions was determined by deriving distinct categories of learning
outcomes (cognitive, metacognitive, and affective-motivational) using the Integrated Design
Framework for Playful Learning (Plass et al., 2015). Study IV takes into account
metacognitive learning outcomes in the analysis that have not been looked at previously in
order to expand on earlier meta-analyses. We anticipated positive effects on learning in
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general (H 1.1), as well as on the SRL components such as cognitive (H 1.2), metacognitive
(H 1.3), and affective-motivational learning outcomes (H 1.4), based on the prior meta-
analytic findings. Study IV examined the impact of personal factors, learning environment
factors, and confounding factors in addition to the main effects of DGBL on various learning
outcomes. The objective of this investigation was to derive recommendations for scientific
and educational practice regarding the design and implementation of digital games. The
variables that were taken into account in the various categories were inferred from earlier
meta-analyses and from exploratory assumptions. For personal factors, we hypothesized
(based on previous findings) that learners’ age has no impact on DGBL interventions (H 2.1)
and that females benefit more than males from the interventions (H 2.2). For environmental
factors, we assumed that multiple sessions lead to higher training gains (H 2.3) and that
competitional (H 2.4) or three-dimensional (H 2.5) games are more effective than games
without competition or two-dimensional ones. Furthermore, we hypothesized that visually
schematic games (H.2.6), games with a narrative (H 2.7), and games with avatars (H 2.8) and
digital agents (H 2.9) lead to higher-level learning gains than games that do not include these
design elements.

Exploratively, we examined the following research questions for environmental and
confounding factors: (1) What is the difference in learning between DGBL interventions with
and without additional nongame instruction? (2) What are the differences regarding learning
between different DGBL intervention types? (3) How does the playing mode influence the
effect of DGBL interventions regarding learning? (4) What influence does the learning
domain have on the effect of DGBL interventions regarding learning? (5) What influence
does the year of publication have? (6) What influence does the country of data collection

have?

4.4.2 Procedure and Methods

To determine study eligibility for synthesis, inclusion criteria were defined before searching.
The studies had to fulfill the following criteria: Only studies with a focus on DGBL
interventions were considered for the synthesis. Therefore, a complete digital game or
simulation, based on the definition by Erhel and Jamet (2013), had to be implemented as an
intervention in the studies. Eligible studies had to be published between 2015 and 2020 due to
the rapid technological change. To remain the focus on the school context, the participants

must attend the grades 1 to 13 and studies must comprise at least ten participants to ensure
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normal distribution of the effect sizes. Only studies that examined dependent variables
representing pupils’ cognitive, metacognitive, or affective-motivational learning outcomes
with high-level research (pre-post control design) were eligible. Eligible studies must be
published in peer-reviewed journals or conference proceedings using English or German
language and focus on non-clinical samples. The synthesis only included studies with
sufficient statistical information to calculate effect sizes, such as, for example, sample size, t-
value, or F-value. All studies which did not fulfill the inclusion criteria were excluded from
the analyses.

The search for eligible literature started in February 2020 and lasted until the end of the year.
To ensure a broad sample of studies, databases with different focus in terms of content were
consulted, including PubMed, ProQuest, IEEE, ACM, Web of Science, EBSCOhost, and
Google Scholar. The search terms “Game-based learning”, “Simulation game”, “Serious

G«

game”, and “Educational game” were used, each combined with “training”, “learning”, and
“education” correspondingly. Additional filter terms, namely “undergraduate”, “patient”,
“employees”, and “disorder” were implemented to facilitate the search. In total, seven
persons (six research assistants and the first author) were involved in the literature search,
making use of a standardized literature search manual.

The selection process was undertaken in three steps based on Clark et al. (2016), applying the
inclusion and exclusion criteria. First, the process involved selecting studies by screening
their titles across the various databases. This resulted in n = 7,013 studied. Cleared from
duplicates, n = 3,120 studies were screened on abstract level for eligibility. The full texts of
the remaining studies (n = 381) were considered in a final step, resulting in a final sample of
N = 36 studies for the synthesis.

Two independent raters coded the relevant variables and extracted the corresponding
statistical parameters for the analyses using a coding guideline manual. To assess the rater
agreement, Cohen’s Kappa was calculated (Cohen, 1960), resulting in values between k = .35
and k = .76, indicating a rater agreement from “low” to “very good”. A third rater reevaluated
the variables of playing mode and visual realism due to their low consistency. Thus, moderate
agreement in all variables could be achieved. Seven experts from educational science
categorized the learning outcomes into cognitive, metacognitive, or affective-motivational
learning outcomes for each study. Effect sizes were extracted from the studies and converted
to Hedge’s g with small sample size correction. If a study did not report an effect size, the
parameter was calculated based on the provided statistical values. Dependent effect sizes,

caused by using the same sample, were coped with calculating the average effect from the
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partial results. As a synthesis method, the random-effects meta-analysis with the restricted
maximum likelihood estimator (REML) was used in R (R Core Team, 2020). To investigate
the effect of the moderator variables, meta-regression models were computed. The models
were evaluated by examining heterogeneity with the Q-statistic (Cochran, 1954) and 2.
Inconsistency was calculated (12, Higgins & Thompson, 2002), and Wald-type confidence
intervals were provided. In the case of heterogeneity, a prediction interval for the true
outcomes was calculated. To assess whether the sample was affected by publication bias, Fail-
safe N and selection models were calculated. Additionally, funnel plots were generated for
visual examination, and their was symmetry tested with Egger’s regression test (Egger et al.,
1997).

443 Results

The literature search yielded N = 36 studies involving N = 7139 participants. Most
participants were in sixth grade and had an average age of 11 years. A total of n = 16 studies
originated from Asia, while all continents were represented in the sample. The overall
learning outcomes analysis resulted in a medium effect size of g = 0.54 (95% ClI: [0.37, 0.72],
which was statistically significant (z = 6.04, p < .001). According to the Q-test, there was a
high heterogeneity in the sample (Q (34) = 3626.72, p < .001, ©® = 0.27, I> = 98.04 %). Figure

5 shows a forest plot of the overall learning outcomes.
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Figure 5
Forest Plot of the Overall Learning Outcomes

Estimate [35% CI]

—— 0.28 [ 0.07, 0.48]
HH 1.98[1.90, 2.02]
—— .1 0.33]

il 0.53[0.28, 0.70]

The cognitive learning outcomes analysis resulted in a medium effect size of g = 0.67 (95%
Cl: 0.48 to 0.86), which was statistically significant (z = -6.83, p < .001). It appears that the
true outcomes are heterogeneous according to the Q-test (Q (28) = 3247.18, p < .001, 1° =
0.27, 12 = 98.16 %). Figure 6 shows a forest plot of the cognitive learning outcomes.
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Forest Plot of the Cognitive Learning Outcomes
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The metacognitive learning outcomes analysis resulted in an effect size of g = 0.32 (95% ClI: -
0.26 to 0.89), which was not statistically significant (z = 1.09, p = .276). The true outcomes
are heterogenous according to the Q-test (Q (4) = 157.12, p < .001, 12 = 0.42, 1> = 97.62 %).

Figure 7 shows a forest plot of the metacognitive learning outcomes.
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Figure 7
Forest Plot of the Metacognitive Learning Outcomes
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The affective-motivational learning outcomes analysis resulted in an effect size of g = 0.32
(95% CI: 0.03 to 0.61), which was statistically significant (z = -2.14, p = .032). The true
outcomes are heterogenous according to the Q-test (Q (11) = 240.30, p < .001, 7> = 0.25, I? =

97.47 %). Figure 8 shows a forest plot of the affective-motivational learning outcomes.

Figure 8

Forest Plot of the Affective-Motivational Learning Outcomes
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To further examine the estimated effect sizes, moderator analysis was conducted for different
learning environment factors (e.g., game type), human factors (e.g., age), and confounding
factors (e.g., publication year), which resulted in insignificant findings for all examined
moderators, indicating no differences in the single moderators in the sample.

Additionally, publication bias was examined. For the overall learning outcomes, Fail safe N
was Nw = 20,745, indicating a robust effect. Figure 9 shows a funnel plot of the estimates.
There was no evidence of funnel plot asymmetry in the regression test (z = 0.07, p = .947). A
nonsignificant likelihood ratio test (x* (1) = 0.40, p =.528) revealed no significant change in

the estimate for the selection model, suggesting that the adjusted model offered no benefit.

Figure 9
Funnel Plot for the Overall Learning Outcomes
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For cognitive learning outcomes, Fail safe N was N = 22,796, indicating a robust effect.
Figure 10 displays a funnel plot with the estimates. The regression test showed no evidence of
funnel plot asymmetry (z = -0.28, p = .778). A nonsignificant likelihood ratio test (x2 (1) =
3.70, p = .054) revealed no significant change in the estimate for the selection model,

suggesting that the adjusted model offered no benefit.
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Figure 10
Funnel Plot for Cognitive Learning Outcomes
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For metacognitive learning outcomes, Fail safe N (N= 49) indicated a robust

effect. Figure 11 shows a funnel plot of the estimates. There was no evidence of funnel plot
asymmetry in the regression test (z = 1.44, p = .151). A nonsignificant likelihood ratio test (x
(1) = 0.04, p = .845) revealed no significant change in the estimate for the selection model,

suggesting that the adjusted model offered no benefit.
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Figure 11
Funnel Plot for Metacognitive Learning Outcomes
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For affective-motivational learning outcomes, Fail safe N (N = 409) indicated a robust effect.
Figure 12 displays a funnel plot with the estimates. The regression test revealed funnel plot
asymmetry (z = 2.15, p =.032), which may be a sign of publication bias; however, a
nonsignificant likelihood ratio test (¥ (1) = 0.07, p =.794) in the selection model indicated no

significant change in the estimate.
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Figure 12
Funnel Plot for Affective-Motivational Learning Outcomes
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To sum up, there was no indication of publication bias for every learning outcome in the

sample.

4.4.4 Discussion

Study IV aimed to examine the effects of DGBL interventions in the school setting in
comparison to conventional teaching techniques. Additionally, we examined the potential
impact of various environmental, personal, or confounding factors on the efficacy of DGBL
interventions. Compared to conventional teaching approaches, the results show that DGBL
interventions result in better overall learning. This outcome is consistent with earlier meta-
analytic data (e.g., Clark et al., 2016; Wouters et al., 2013). A medium effect on learning was
discovered for cognitive learning outcomes, representing most studies in the sample. Lamb
and colleagues (2018) also discovered a medium effect (d = .67) of DGBL interventions on
cognitive outcomes, which is consistent with the present result.

Because there were not enough studies measuring metacognitive learning outcomes (n = 5),
there was not enough test power to confirm the hypothesis that DGBL interventions improve
these outcomes. Owing to the great variation in game designs, we discovered a minor impact

of DGBL interventions on affective-motivational learning outcomes. According to De Freitas
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et al. (2018), games must be carefully crafted to be engaging and motivating, with well-
integrated learning materials that don't overpower the fun game mechanics. Affective-
motivational learning in our sample may have been impacted by the fact that not all DGBL
interventions were able to strike the right balance between learning and gameplay.

The impact of DGBL interventions was not significantly influenced by confounding,
personal, or environmental moderators.

Because the number of male and female participants in the included studies was evenly
distributed, it was not possible to test the effect of gender on DGBL interventions.
Furthermore, the effectiveness of DGBL interventions was unaffected by the number of
sessions or by using competitive or non-competitive environments. It is surprising that the
current meta-analysis found no evidence of higher learning gains from competitive games
compared to non-competitive games, as Abdul Jabbar and Felicia (2015) noted in their
systematic review that competition in games was "a gameplay element that could emotionally
and cognitively engage players and could have a significant impact on learning” (p. 764).
According to the current results, there appears to be no discernible difference in the
effectiveness of DGBL interventions based on the dimensionality of the game being used. A
similar lack of moderating effect was observed for digital agents, avatars, narrative, and visual
realism. There is no conclusive evidence, but there is a trend at the descriptive level
suggesting that DGBL interventions featuring digital agents, avatars, and a story perform
better than those without these elements. No significant effect of additional nongame
instruction, game type, playing mode, or learning domain was found for the exploratory
research questions. Moreover, there was no confounding influence on the results from the
publication year or the nation where the data were collected.

The extremely high heterogeneity of the sample may have contributed to the unexpected
findings for the hypotheses and research questions. The DGBL interventions might diverge
excessively from one another, complicating the analysis and producing unhelpful outcomes.
Additionally, the very small size of some of the analyzed subgroups might have made it
difficult to find any meaningful differences. We looked at the robustness and impact of
publication bias in the current analyses because they were based on published literature.
Egger's regression test, selection models, Fail safe N, and funnel plots did not reveal any
publication bias.
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5 General Discussion

The following chapters summarize this doctoral thesis’s findings based on the four studies
conducted. Moreover, the studies’ limitations are addressed, and both scientific and practical

implications are deduced. The last chapter provides a conclusion.

51 Summary of the Findings

The current doctoral thesis aimed to examine SRL in digital learning environments, focusing
on its double role as a prerequisite for digital learning and being an improvable competence in
pre-service teachers as well as pupils. Three empirical studies and a meta-analysis were
conducted to meet the thesis's objective. As a first step, SRL’s role in technology acceptance
as a prerequisite for digital learning was examined (Study 1) by using structural equation
modeling to integrate SRL as an external variable in the TAM (Davies, 1989). Study II-1V
examined SRL as an improvable competence. In order to better understand how to enhance
SRL in pre-service teachers and students, Study Il used LPA to analyze the SRL profiles of
pre-service teachers in two distinct digital learning environments. An educational game was
developed as a follow-up to improve pre-service teachers' ability to learn independently
(Study 111). In Study IV, a meta-analysis was conducted to determine how beneficial digital

educational games are for students when used in a classroom setting.

5.1.1 Self-Regulated Learning as a Prerequisite for Digital Learning

Study | contributes to examining how SRL functions as a prerequisite for digital learning. As
described in Chapter 2.3, SRL is essential for effective learning in digital environments and
has therefore been considered as an outcome of technology acceptance in the TAM before
(Schlag & Imhof, 2017), but not as an external factor that impacts technology acceptance
directly. To replicate the established results of the TAM (e.g., Rosli et al., 2022), PU, PEU,
attitude toward e-learning, and behavioral intention to use e-learning were implemented in the
research model as core TAM variables. Self-efficacy with digital media, affinity for
technology, SRL with cognitive, metacognitive, and motivational components, and prior
experience with e-learning were implemented as external variables. Since the component
structure of SRL in TAM has not yet been examined, this adds to the body of evidence
supporting its significance in technology acceptance. Structural equation modeling in R with

item parceling was used with three parcels per factor for all constructs except for SRL.
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Building three facet-representative parcels represented the three components of SRL, taking
SRL’s multidimensional nature into account. Furthermore, Study | considers SRL as an
external factor in TAM and not as an outcome. This represents another approach to
integrating SRL into the model and considering SRL as a prerequisite for digital learning. We
assumed that the TAM is replicable for German-speaking students, confirming the positive
relations of the core TAM variables. We also hypothesized that the external variables
influence PU and PEU directly. The findings revealed that the core TAM could be replicated
for our sample, except for the positive relation of PEU and PU. This means the TAM is also
valid for university students’ technology acceptance regarding e-learning environments. The
findings replicate and strengthen TAM’s established position to predict students’ technology
acceptance (Rosli et al., 2022).

Although well examined, self-efficacy with digital media and prior experiences did not
influence e-learning acceptance in the proposed structural model. Prior studies focused on
computer self-efficacy, which proved an influential external factor in TAM (Al-Adwan, 2020;
Ibrahim et al., 2017; Punnoose, 2012). With self-efficacy with digital media, the effect could
not be replicated and will have to be examined with an adapted questionnaire in the future.
Prior experience with e-learning could also not be confirmed as an external factor in the
model. This finding contradicts the numerous results that support prior experience with e-
learning as an external factor in TAM (e.g., Leong et al., 2018; Liu et al., 2010; Ros et al.,
2014). What has to be mentioned is that the previous findings stemmed from the period before
the COVID-19 pandemic when the use of e-learning environments was present but to a much
lesser extent than during the pandemic. This is mainly due to forced online schooling, which
was unavoidable then. Studies with prior experience with e-learning in the TAM after the
pandemic must still be conducted. The recent findings of Study | raise the question of whether
prior experience with e-learning is still a valid external factor to consider. This calls for
studies examining this phenomenon and the role of previous experience in more detail after
the pandemic.

As predicted, external factors positively correlated with PEU and PU were found to be the
affinity for technology and SRL. University students will have a more positive perception of
PEU and PU levels in e-learning environments in proportion to their level of self-regulation
proficiency. The competencies that are necessary for learning in digital environments, such as
goal-setting and monitoring, are included in SRL (Broadbent & Poon, 2015). Consequently, it
makes sense that those who utilize SRL frequently believe that e-learning is more practical

and easier to use. Better learning outcomes have resulted from their prior development and
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maintenance of coping mechanisms for e-learning environments. The findings support the
hypothesis that undergraduate students who are open to utilizing new technologies and
interested in them also think that e-learning environments are practical and straightforward to
use. Conversely, students who detest technology will refrain from using e-learning.

In conclusion, Study | provides a first insight into SRL’s role in technology acceptance and
suggests that SRL is an important factor influencing the perception of e-learning
environments. Therefore, SRL is a prerequisite for digital learning and should be addressed

with SRL training interventions.

5.1.2 Fostering Pre-Service Teachers’ Self-Regulated Learning Digital Environments

Study Il contributes to fostering pre-service teachers’ SRL with e-learning, whereas Study Il1
provides a first step to fostering pre-service teachers’ SRL with DGBL. Pre-service teachers
serve as multiplicators of SRL for their students in the classroom, as discussed in Chapter
2.4.2. According to Ng (2015), digital learning environments offer pre-service teachers a
flexible and ideal way to develop self-regulated learning strategies and create optimal learning
conditions. Each student's unique needs should be considered when creating digital learning
environments. Individual differences in SRL among learners are still poorly understood, and
the number of profiles provided by prior studies that analyzed student SRL profiles has
varied. Furthermore, the effects of various learning environments (such as synchronous and
asynchronous learning) and pre-service teachers as a particular target group have been
disregarded. Because of this, Study Il seeks to support SRL by examining the individual
differences of pre-service teachers in two distinct learning environments (synchronous and
asynchronous). The results show three distinct SRL profiles of pre-service teachers: a low, a
moderate, and a high profile. This aligns with the results by Heikkila et al. (2012) and
Muwonge et al. (2020) who also identified three profiles for pre-service teachers SRL. The
low-profile individuals seemed to benefit the most from the training regarding using SRL
strategies, indicating a compensation effect for this group.

All profiles demonstrated a considerable increase in declarative SRL knowledge; nonetheless,
the low profile scored substantially lower than the moderate and high-profile groups. The
results revealed no significant differences in SRL strategy use but for declarative SRL
knowledge between asynchronous and synchronous learning environments. Compared to the
synchronous seminar condition, participants in the asynchronous e-learning condition

demonstrated greater training gains in declarative SRL knowledge, presumably due to more
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time for reflection and in-depth information processing (Lucas et al., 2014). Overall, the
findings point to the possibility that asynchronous learning environments, which are better
suited for in-depth and complicated subjects, are better for imparting SRL knowledge.

In conclusion, Study Il shows that pre-service teachers with various SRL profiles can benefit
from SRL training in e-learning environments. This is especially true regarding strategy use
for individuals with low SRL profiles. The training effectively improves declarative SRL
knowledge, notably in the asynchronous environment.

Study 111 assessed the usability and user experience of Regulatia, an educational game to
foster SRL in pre-service teachers. The study contributes to developing the first educational
game to foster SRL for pre-service teachers. The research questions comprised whether
Regulatia is user-friendly, how learners perceive the game, and the assessment of the game’s
strengths and weaknesses. The results show that people believe Regulatia is user-friendly and
provides a satisfying user experience. Users' evaluations of the narrative, play engrossment,
and enjoyment did not significantly deviate from the theoretical scale mean, suggesting that
users did not report a positive or negative experience with the game. According to the
qualitative analysis, Regulatia's strengths are the graphical design, the narration's depth, and
the knowledge imparted. Regulatia’s weaknesses are the text design, technical issues, and
scope and complexity.

In conclusion, Study Il presented an effective e-learning environment to foster declarative
SRL knowledge, especially among pre-service teachers. Study Il offered the first
encouraging insights about the usability of Regulatia, which could provide the basis for an
effective educational game to foster SRL in pre-service teachers in the future. Both studies
contribute to developing effective SRL training for pre-service teachers in digital learning

environments.

5.1.3 Effectiveness of Game-Based Learning in the School Context

Study IV contributes to examining the effect of DGBL in the school context to provide a basis
to foster SRL with educational games in the classroom. Previous meta-analyses have
demonstrated that DGBL improves learning across the board, from elementary school to
university (Clark et al., 2016; Lamb et al., 2018; Wouters et al., 2013). However, only
research conducted up until 2015 was included in these studies. In the past five years,
technological development has advanced quickly, creating new opportunities for DGBL
interventions. Therefore, Study IV investigates the effects of DGBL interventions solely in
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the context of schools, in comparison to traditional teaching methods in studies between 2015
and 2020. Using the Integrated Design Framework for Playful Learning (Plass et al., 2015),
separate categories of learning outcomes that represent SRL’s components (cognitive,
metacognitive, and affective-motivational) were derived to assess DGBL interventions'
effectiveness. In order to build on previous meta-analyses, Study IV considers metacognitive
learning outcomes that have not been examined before. Positive effects on learning outcomes
related to motivation, metacognition, and cognitive learning were hypothesized. Additionally,
Study IV looked at the influence of confounding, personal, and learning environment factors.
Random-effects meta-analysis revealed a medium overall effect for DGBL as well as for
cognitive learning outcomes. For affective-motivational learning outcomes, a small effect was
found. These results are in accordance with previous meta-analyses (e.g., Clark et al., 2016;
Wouters et al., 2013), which suggest an advantage of DGBL interventions over traditional
instruction methods. However, the small effect on affective-motivational outcomes is
surprising because digital games are often characterized as motivational (Chang et al., 2017).
This assumption does not seem to apply to all educational games in the sample, illustrating
that finding the right balance between learning content and motivating game elements is
crucial while designing educational games. If there is an imbalance, educational games can
quickly bore learners, which is criticized as “chocolate-covered broccoli” in game design
(Bruckman, 1999; DiSalvo, 2015).

Due to a lack of studies, no significant effect could be found for metacognitive learning
outcomes, calling for more studies that focus on metacognitive learning outcomes. Moreover,
no significant influence of the proposed personal, environmental, and confounding
moderators could be found in the meta-regression models.

Since positive effects on the effectiveness of digital games in general and cognitive as well as
motivational outcomes have been shown, it seems promising that SRL can also be promoted
with digital learning games for students, which should be analyzed in future studies. To do
this, it is necessary to design a game that is suitable for the children’s needs.

In conclusion, Study IV shows that DGBL interventions are also effective in the school
context, providing a basis to develop games that specifically promote SRL in the classroom to

implement another direct or indirect method to foster SRL in an early age.
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5.2 Limitations

Even though every study provides further research findings, the present doctoral thesis is also
subject to limitations. The shared limitations of empirical studies I-111 are presented
collectively, and then the most critical specific limitations of empirical studies I-I1l and the
meta-analysis in Study 1V are discussed.

One limiting factor for all three empirical studies is the sample. In Study I, the sample size
was just enough for examining structural equation models, and in Study I, the sample size
was also relatively small for conducting an LPA. Spurk et al. (2020) recommended at least
500 participants for an accurate categorization in the LPA—challenging to realize—calling
for further investigations with a larger sample. Furthermore, the samples in studies I-11I all
consist of German-speaking participants, in studies Il and Ill, even from the same university,
which restricts the generalizability of the findings. For future studies, a larger and cross-
national sample would be desirable. In Study Il, participants came from different courses at
the same university with different course teachers. This nested data structure may have
impacted the findings but was not considered in the analyses. To improve this, hierarchical
mixture models can be used in subsequent studies (Vermunt & Magidson, 2005).

Another collective limiting factor is that the data is based on self-report collected via
questionnaires. Self-reporting as the sole source of the evaluated data presents a
methodological bias since the data may be skewed or purposefully faked to fit social
desirability standards. It is possible that some people provided false information in their
answers to the questions. Moreover, self-reporting is limited to conscious processes. It can be
used to evaluate every aspect of SRL, including affective, cognitive, physiological, and
behavioral processes because they can be reported appropriately (Pekrun, 2020). Given that
SRL can be viewed as a process or as its components, offline and online measures and
quantitative and qualitative standards are the categories into which Wirth and Leutner (2008)
divided SRL measurement. According to Foerst et al. (2017), offline standards assess SRL's
components, whereas online standards assess SRL's process character. While qualitative
standards suggest that learners with high SRL skills must fit the strategies they apply to the
particular learning situation and exercise, quantitative standards suggest that increased SRL
strategies equate to improving SRL (Rovers et al., 2019). Self-report questionnaires are
categorized as offline measures that rely on quantitative standards and are often used (Roth et
al., 2016) but neglect SRL’s online and qualitative measures, revealing a limitation of SRL
questionnaires. A mixed-methods approach between online and offline measurements with

different standards, for example, think-aloud measures (Roth et al., 2016) or strategy
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knowledge tests (Dorrenbdcher-Ulrich et al., 2024), would have increased the robustness of
the results (Pekrun, 2020).

A third joint limiting factor is the measurement instruments used. In Study I, SRL was
evaluated for learning in general rather than in the e-learning context. This may have affected
how well the scale aligned with the other scales being studied, which were designed for online
learning. In Study Il, the reliability of the cognitive subscale of SRL is questionable,
potentially leading to unreliable measurements (van Griethuijsen et al., 2015). Furthermore, in
Study 111, the low reliability of the user experience subscale "challenge™ meant that this aspect
could not be investigated, potentially resulting in the loss of important information. Scales
that consistently measure the relevant constructs in the online context should be used in future
research to ensure a more reliable measure.

One specific limitation of Study | is that the data distribution for some constructs was non-
normal. Item parceling was chosen as a solution to address this problem. It should be noted
that item parceling is a contentious topic because aggregating individual items results in
information loss (Little et al., 2013). Before using item parceling, carefully considering the
benefits and drawbacks is advisable. Another limitation is that low factor loadings have
resulted in a significant dropout rate of items that represent the motivational component of
SRL. This could have led to this subscale's omission of significant motivational aspects.
Future studies should, therefore, examine the motivational component more closely based on
the TAM to provide further insights into its role in technology acceptance. Furthermore, the
vague definition of e-learning by Clark and Mayer (2016), which served as one theoretical
foundation, is another limitation of Study I. Microlearning units, simulations, and
instructional videos are just a few examples of the diverse instructional methods that form e-
learning, making it a heterogeneous construct. The results that were received may have been
distorted by the participants' perceptions and interpretations of the various e-learning
components. Prospective studies could focus on either one specific type of instructional
method in e-learning environments at a time or choose a more precise definition for e-learning
to ensure participants have the same idea of e-learning. Lastly, Study | makes no allowances
for concluding the real use of e-learning environments; instead, it merely makes the
assumption that behavioral intentions will result in actual use. Due to this, actual use should
be considered a variable in prospective research.

One specific limitation of Study Il is the implemented e-learning environment. Even though
the e-learning course lasted six weeks, students could finish it sooner. Some students may

have completed the course ahead of schedule, and others may have put off learning the
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material until the very last days. The assignments that needed to be submitted through the e-
learning platform were visually checked to prevent cheating in course completion. However,
the content was not assessed for quality, meaning learners may have only completed the tasks
at a surface level. To improve this, the e-learning environment could have time restrictions
and a quality check of the assignments in the future. A last limitation is the small number of
subjects in Profile 1 (low SRL profile), which may not represent the entire pre-service teacher
population, limiting the findings’ generalizability. It iS important to note that the approach
only covers specific levels of SRL and does not include the full continuous spectrum of SRL.
In Study 11, the participants could receive credit for their studies, leading to involuntary
participation and low internal motivation to participate consciously. To improve this in the
future, a study without credit can be conducted to ensure completely voluntary participation
and intrinsic motivation. Another limiting factor was the uncontrolled learning environment
during the study because the students participated with their own devices and were remote
from home. This prevented controlled laboratory conditions for the experiment, which could
be implemented in prospective studies. Furthermore, the learners did not need to complete the
exercises to advance in the game correctly, so it was up to the students to deliberately
complete the tasks. There is also the limitation that Study Il does not address, which is
whether the developed game can support SRL in pre-service teachers, as it only considers
game design and usability. As a result, it is not possible to conclude from the current data
whether the game is beneficial in promoting SRL which will have to be examined in a future
study.

For Study IV, the conducted meta-analysis, several limitations must be addressed. When
working with data derived from a literature search, it is always possible that some studies may
not have been found. This could have happened because the various databases offered
different ways to narrow down the search results. Furthermore, the data may have a language
bias because the authors are limited to reading papers in English and German. In terms of the
coding process, the visual realism of the papers was assessed using their graphics. It was
difficult for the raters to determine which category of visual realism the game belonged to
based on the quantity of photos. The chance that games were incorrectly categorized because
they lacked images cannot be completely ruled out, as this could potentially impact the meta-
regression findings. The limited number of studies evaluating metacognitive learning
outcomes is another limitation of Study IV; in the current meta-analysis, only five studies
were available to examine how DGBL interventions affected those outcomes. As a result, care

should be taken when interpreting the data, and future research should continue to concentrate
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on how DGBL interventions affect metacognitive learning outcomes. Because the primary
studies lacked some moderator information, the sample size was smaller for the moderator
analyses, which increased the likelihood of moderator effects being detected. Furthermore,
since the number of sessions does not indicate how long the intervention lasted—for example,
five sessions may have taken place in a week or three—the moderator variable "number of
sessions™ has little informative value. More accurate variables than the number of sessions

should be considered in future research: the precise duration.

5.3 Implications

Apart from the limitations described above, this doctoral thesis also provides findings with

both scientific and practical implications, which are presented in the next chapters.

5.3.1 Measurement of Self-Regulated Learning in Digital Environments

First, all presented empirical studies are based on self-report, which can be biased due to
socially desirable answers (Van de Mortel, 2008). A mixed-method approach for future
studies would be reasonable to compensate for this bias (Koivula et al., 2019). With pure
self-report, respondents tend to lie to make themselves look better or answer in a way they
believe is expected of them. The inclusion of multiple sources that do not only rely on self-
report, such as external judgment or the inclusion of objective data, can ensure a more reliable
measurement of SRL in online environments. Learning analytics is an objective method that
utilizes learner data from various learning environments to understand and draw conclusions
about how learners engage in online courses (Viberg et al., 2020). This approach evaluates the
traces that students leave behind while completing an online course, offering a non-intrusive
way to gather information compared to intrusive methods like self-reporting. For example, log
files, the recording of behavior or clicks, could represent a measure to map SRL processes. In
addition, utilizing Moodle as a training platform enables log and process data generation. This
can provide a more comprehensive understanding of SRL by offering multiple measurement
points, which allows for detecting profile changes throughout the intervention. Research
shows that when it comes to predicting achievement, traces are more reliable than self-report
measures (Rovers et al., 2019). Learning analytics can serve as a tool to assess SRL strategy
(Prasse et al., 2024) and simultaneously improve learners' activities by providing insights,

e.g., through dashboard visualization (Matcha et al., 2020). It is essential to mention that data
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for learning analytics is difficult to assess and interpret (Viberg et al., 2020), and its potential
to foster SRL simultaneously is still unclear (Heikkinen et al., 2023).

In addition, Study | evaluated SRL in a general learning context rather than in the specific e-
learning context. It would be beneficial to assess SRL with a context-specific measurement
tool (Du et al., 2023). Study Il also found that the reliability of the cognitive subscale of the
SRL questionnaire is questionable, which could lead to unreliable measurements (van
Griethuijsen et al., 2015). The low factor loadings have caused a significant dropout rate of
items that represent the motivational component of SRL. The instrument should be revised
and improved. The first questionnaires are available for the specific measurement of SRL in
e-learning environments, e.g., the Online SRL Questionnaire (Barnard et al., 2009) or the
Self-regulation for Learning Online Questionnaire (Broadbent et al., 2023). For DGBL, which
contains its own specific characteristics that must be taken into account when measuring SRL,
there are no self-report questionnaires that measure SRL in the specific context of DGBL to
the author's knowledge. Further research and the development of specific test instruments are
needed here. Digital games also open up the possibility of learning analytics.

Regardless of the measuring instruments used, care should be taken to ensure that cross-
sectional and longitudinal measurements are taken. This includes a follow-up measurement
after the post-test to detect sleeper effects, in which learners need more time to develop SRL
strategies after an intervention. In SRL, these are caused by the delayed learning effect
because there is first interference with known strategies before learning new ones
(LUftenegger et al., 2016).

5.3.2 Recommendations for Fostering SRL in Digital Learning Environments

Pre-service teachers play a crucial role in demonstrating how to use learning strategies 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). This thesis strengthens the assumption that SRL is a promotable
competence, and therefore, based on the findings, recommendations for future learning
environments to foster SRL are deduced.

As demonstrated in Study I, it is crucial to consider individual SRL profiles and create
adaptive training and learning environments to meet learners’ needs (Molenaar, 2022). Based
on the findings of Study 11, asynchronous learning environments seem suitable for declarative

SRL knowledge improvement, and for SRL strategy use, both synchronous and asynchronous
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learning environments are adequate. Concerning this matter, pure asynchronous learning
environments or a combination of asynchronous and synchronous learning parts (Amiti, 2020;
Giesbers et al., 2014) seem reasonable to promote SRL strategy use and declarative SRL
knowledge simultaneously. A combined use would ensure optimal utilization of both types of
communication. Pre-service teachers need to understand that SRL can improve students'
academic success and help them support their students' future learning efforts (Fischer &
Dignath, 2024). Study Il moreover revealed the need for time and access restrictions for the
learners, as well as quality checks of submissions, to ensure a conscious processing of the
learning tasks. To prevent abuse of the learning environments, a requirement or an overview
of the learner's success in the task could be implemented and integrated into future learning
environments of Study Il and Study I1I.

Study IV shows that interventions with digital games in the classroom are effective and can
cause positive learning effects. For prospective research, it is essential to create motivating
and exciting games. To accomplish this, future DGBL interventions must balance intrinsic or
extrinsic game elements with well-integrated learning content. Game designers need to
consider which aspects of the game are appropriate for each learning goal of the intervention.
Since every student has different needs and preferences during learning, it is impossible to
make a general recommendation for fitting a DGBL intervention to every student.
Consequently, learning games that adjust to the needs of students may be the answer.
However, it takes money and effort to develop DGBL interventions in general, and adaptive
games in particular. When feasible, researchers should use games accessible to the general
public if they align with the learning objective. Future research should look into which
aspects of game design contribute to the beneficial effects of DGBL, as it is currently unclear.
Future research on DGBL interventions ought to compare various game versions and

concentrate on particular aspects of game design in isolation.

5.3.3 Further Scientific Implications

In future studies on SRL in digital learning environments, it is important to consider whether
prior experience remains a relevant variable. Prior experience may not be a valuable variable
for e-learning environments due to the widespread adoption forced by the COVID-19
pandemic. However, it could still be relevant in game-based learning, where it is less

commonly used.
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Given that Study I could not make any statements about the actual use of e-learning, this
could be examined in future studies and research models.

Study Il only covers specific levels of SRL and does not include the full continuous spectrum.
Therefore, future research could include continuous SRL profiles rather than distinct stages.
As a result of Study Ill, it is recommended that future studies be carried out in a laboratory
setting to maintain a controlled environment and minimize potential confounding factors that
may arise in a home environment. Additionally, due to the limited understanding of the
game's effectiveness, it is suggested that further research investigate the efficacy of Regulatia
in terms of learning outcomes using a randomized pre-post-control design and compare it to
other forms of digital learning. For future research, extending the training period to either
increase the use of SRL strategies or decrease the training content is recommended.

To improve Study IV and ensure a broader use of literature, unpublished work, so-called grey
literature, could be included in future meta-analyses (Hopewell et al., 2005). Moreover, a
more specific measurement should be defined for the coding of visual realism. In doubt, the
authors should be addressed to gather more specific information about the implemented
DGBL interventions. Study IV further revealed a lack of studies considering metacognitive
learning outcomes in DGBL interventions, calling for more studies that address this topic.
Regarding the moderator variables, since the number of sessions does not indicate how long
the intervention lasted—for example, five sessions may have taken place in a week or three—
the moderator variable "number of sessions” has little informative value. More accurate
variables than the number of sessions should be considered moderator variables in future
research: the precise duration. Moreover, the year of publication may not make sense because
there is no information about the actual time of data collection, the year of data collection
should rather be considered, although this is difficult to record. A closer look at the previously
mentioned and additional moderators (such as intervention duration and device type), given
that the current meta-analysis did not find any moderating effects may also shed light on the
efficacy of DGBL interventions. Additionally, it is not possible to generalize the findings of
Study IV to all types of DGBL intervention because it only contains games that do not
involve augmented or virtual reality. They cannot be compared to games that do not employ
these techniques due to the varying levels of immersion (Skarbez et al., 2021). Thus, it would
be interesting to see more meta-analytic research on DGBL interventions involving

embodiment, augmented or virtual reality.
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5.3.4 Practical Implications

The results of this doctoral thesis also allow practical consequences to be derived.

The results of Study I may help remove barriers that keep students from utilizing online
learning environments. The results can also increase the probability that students will accept
e-learning as a part of their academic path. Teachers need to reevaluate how well they can
meet their students' needs in light of the COVID-19 pandemic's effects on distance learning
(Fischer & Dignath, 2023). They also need to know what factors help or hinder students'
acceptance of and engagement with virtual learning environments. Study | has shown that
SRL and affinity for technology are two crucial factors that indirectly influence attitudes
toward e-learning via PU and PEU and thus positively influence the intention to use e-
learning. Learners with strong SRL skills and a penchant for technology will be more open to
online learning. Therefore, it is imperative to introduce explicit strategy use and technology in
university courses and in the school context to foster SRL skills and affinity for technology as
early as possible. This can be achieved by giving students the chance to use technology in the
classroom to help them become less afraid of it and to promote their use of it as a study tool.
Enhancing opportunities for mastery experiences can boost students' e-learning confidence
and self-efficacy (De Smul et al., 2018). In this context, it is important that teachers are well
trained in the use of digital media, as online environments require different methods than
analog learning (Fischer & Dignath, 2023). These skills should be an integral part of the
teacher training curriculum. Based on the recommendations in Chapter 5.3.2, digital learning
environments can be used for this purpose in order to generate a wide range of independent
learning in teacher training while at the same time promoting self-regulated learning among
teachers, who can pass this on to their students as a model (Peeters et al., 2014).

Study Il reveals a need for teacher training, as most participants (60%) were classified as
having a low or medium SRL profile, indicating potential for improvement. Furthermore,
there was a dissonance between knowledge of SRL and the use of SRL strategies. Although
many teachers know what SRL involves, they cannot implement this in their teaching
methods. This needs to be counteracted by providing teachers with explicit methods and
strategies for teaching SRL in the classroom in order to facilitate the transfer of knowledge
and use (Simi¢ Sasi¢ et al., 2023).

For this reason, Study Ill created a specific educational game for pre-service teachers and
assessed its usability and game design. After examining the entire game at all levels and its
effectiveness in fostering SRL, Regulatia might be applied practically to teach pre-service

teachers to improve the standard of teacher education and provide an alternative approach to
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SRL knowledge transfer. Knowledgeable educators will influence and motivate future
generations of students while they work, setting the stage for higher education.

Study IV shows that DGBL can be used as a learning tool not only in teacher training, but
also directly in the classroom. According to the current literature, thoughtfully created DGBL
interventions could encourage students to interact with the materials and, as a result, advance
their learning process. Students who are disinterested in traditional learning environments or
need to work more independently or cooperatively with other students may find this
especially helpful. The significant degree of heterogeneity in the classroom means that
teachers are not always able to meet every need of their students. By providing exercises that
are sufficiently challenging for the learners, for example, DGBL interventions in the
classroom can be tailored to meet their needs and provide adaptive features that enable
learning by considering each learner’s own pace. This could support learner-centered
pedagogy, which puts the needs of the students first, gives them the freedom to learn at their
own speed, and keeps them from giving up or being overwhelmed by demands. As Plass et al.
(2015) put it, "graceful failure™ (p. 261) is encouraged by DGBL interventions, which provide
a secure learning environment that may boost self-efficacy by fostering mastery experiences.
Cognitive outcomes appear particularly well-suited for DGBL interventions, meaning
teachers can effectively use them to impart knowledge to their students. Additionally, DGBL
may also happen during distance learning, providing students who cannot attend classes in
person with an alternative learning method. Students do need access to computers and other
digital devices, necessitating furnished classrooms and homes. Still, some schools do not have
the necessary supplies to implement DGBL. The governance should invest in education and,
as a result, give schools and families financial support to increase the potential to offer DGBL
interventions in the classroom or at home. Conversely, the effective use of educational games
in the classroom requires teachers to be technologically literate (Marklund & Taylor, 2016).
Research indicates that educators are eager to employ DGBL interventions; however, they
frequently worry about their level of expertise and gaming literacy when it comes to
executing DBGL interventions in the classroom (Jong, 2015). This demonstrates the necessity
of incorporating various digital media, including digital games, into the teacher education

curriculum to promote the knowledge and self-efficacy needed to use them.
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5.4 Conclusion

The current doctoral thesis focused on SRL's dual role as a prerequisite and promotable
competence for learning in digital learning environments for pre-service teachers and
students, which could be confirmed in the results. The findings revealed new insights into
SRL’s role regarding technology acceptance toward e-learning because SRL was an external
factor in the Technology Acceptance Model (Davis, 1989), indicating a higher acceptance of
e-learning for university students who show high SRL skills. As a result, SRL should be
considered a prerequisite when designing e-learning environments.

Moreover, the findings confirm that SRL is a promotable competence for pre-service teachers.
When designing SRL training for pre-service teachers, particular attention should be paid to
their prerequisites concerning SRL, as a compensatory effect for pre-service teachers with low
skills has been shown, especially for teaching SRL strategy use. For declarative SRL
knowledge, SRL training appears equally suitable for all SRL profiles. Accordingly, with the
help of SRL training, pre-service teachers' deficits in using SRL strategies can be specifically
addressed, and declarative knowledge of SRL can be increased. This is highly relevant, as
(pre-service) teachers serve as multipliers for their students in the classroom (Karlen et al.,
2023; Peeters et al., 2014) and can, therefore, positively influence their students' learning
progress from an early age. As the grades achieved during their school career significantly
influence their students' future jobs, (pre-service) teachers have a great responsibility, which
may have a life-changing impact. In order to better fulfill this responsibility, teaching staff
must be trained explicitly in SRL and how to teach it. Therefore, it would be desirable for
SRL to become a mandatory part of the teacher training curriculum in Germany and to be
fostered in pre-service teachers early on.

Furthermore, digital learning environments, especially DGBL, seem promising for innovative
methods to foster SRL in pre-service teachers. The findings provide first insights into game
design to promote SRL. Given that the examination of SRL in DGBL is relatively new, this
further drives future research possibilities, such as the investigation of DGBL's effectiveness
for SRL training. It was also demonstrated that DGBL can effectively enhance student
learning outcomes in the classroom. Here, too, digital learning games could contribute to
promoting SRL in the classroom for the target group of students. Because there is still little
research available, more research is needed into which game elements can effectively promote
SRL in both pre-service teachers and students to equip them with an important future skill
such as SRL.



94

6 References

42matters (2024). Google Play vs the Apple App Store: App Stats and Trends.
https://42matters.com/stats

Abdul Jabbar, A. I., & Felicia, P. (2015). Gameplay Engagement and Learning in Game-
Based Learning: A Systematic Review. Review of Educational Research, 85(4), 740-
779. https://doi.org/10.3102/0034654315577210

Abdullah, F., & Ward, R. (2016). Developing a General Extended Technology Acceptance
Model for E-Learning (GETAMEL) by analysing commonly used external factors.
Computers in Human Behavior, 56, 238-256.
https://doi.org/10.1016/j.chb.2015.11.036

Acquah, E. O., & Katz, H. T. (2020). Digital game-based L2 learning outcomes for primary
through high-school students: A systematic literature review. Computers & Education,
143, 103667. https://doi.org/10.1016/j.compedu.2019.103667

Adams, E. (2004). Postmodernism and the Three Types of Immersion.
http://www.designersnotebook.com/Columns/063_Postmodernism/063_postmodernis
m.htm

Admiraal, W., Huizenga, J., Akkerman, S., & Dam, G. ten. (2011). The concept of flow in
collaborative game-based learning. Computers in Human Behavior, 27(3), 1185-1194.
https://doi.org/10.1016/j.chb.2010.12.013

Ainscough, L., Leung, R., Colthorpe, K., & Langfield, T. (2019). Characterizing university
students’ self-regulated learning behavior using dispositional learning analytics. 5th
International Conference on Higher Education Advances (HEAd’19), Valéncia, Spain.

https://doi.org/10.4995/HEAD19.2019.9153



95

Al-Adwan, A. S. (2020). Investigating the drivers and barriers to MOOCs adoption: The per-
spective of TAM. Education and Information Technologies, 25(6), 5771-5795.
https://doi.org/10.1007/s10639-020-10250-z

Al-Azawi, R., Al-Faliti, F., & Al-Blushi, M. (2016). Educational Gamification Vs. Game
Based Learning: Comparative Study. International Journal of Innovation,
Management and Technology, 7(4), 131-136.
https://doi.org/10.18178/ijimt.2016.7.4.659

Alhazbi, S., & Hasan, M. A. (2021). The Role of Self-Regulation in Remote Emergency
Learning: Comparing Synchronous and Asynchronous Online Learning.
Sustainability, 13(19), 11070. https://doi.org/10.3390/su131911070

Alkhasawnh, S., & Algahtani, M. A. M. (2019). Fostering Students’ Self-Regulated Learning
Through Using a Learning Management System to Enhance Academic Outcomes at
the University of Bisha. TEM Journal, 8(2), 662—669.
https://dx.doi.org/10.18421/TEM82-47

Amiti, F. (2020). Synchronous and asynchronous e-learning. European Journal of Open
Education and E-Learning Studies, 5(2), 60-70.
https://doi.org/10.46827/ejoe.v5i2.3313

Araka, E., Maina, E., Gitonga, R., & Oboko, R. (2020). Research trends in measurement and
intervention tools for self-regulated learning for e-learning environments—Systematic
review (2008-2018). Research and Practice in Technology Enhanced Learning, 15(1),
6. https://doi.org/10.1186/s41039-020-00129-5

Arguel, A., Lockyer, L., Lipp, O. V., Lodge, J. M., & Kennedy, G. (2017). Inside Out:
Detecting Learners’ Confusion to Improve Interactive Digital Learning Environments.
Journal of Educational Computing Research, 55(4), 526-551.

https://doi.org/10.1177/0735633116674732



96

Azevedo, R., Moos, D. C., Johnson, A. M., & Chauncey, A. D. (2010). Measuring Cognitive
and Metacognitive Regulatory Processes During Hypermedia Learning: Issues and
Challenges. Educational Psychologist, 45(4), 210-223.
https://doi.org/10.1080/00461520.2010.515934

Backers, L., De Smedt, F., & Van Keer, H. (2023). Teachers as agents of self-regulated
learning (SRL): Studying the relations between teachers’ knowledge, beliefs, and SRL
implementation across educational levels. Unterrichtswissenschaft, 52(1), 15-38.
https://doi.org/10.1007/s42010-023-00190-1

Bandura, A. (1986). Social foundation of thought and action: A social cognitive theory.
Prentice Hall.

Bandura, A. (1989). Human Agency in Social Cognitive Theory. American Psychologist,
44(9), 1175-1184. https://doi.org/10.1037/0003-066X.44.9.1175

Bandura, A. (2006). Guide for constructing self-efficacy scales. In F. Pajares & T. Urdan
(Eds.), Self-efficacy beliefs of adolenscents (pp. 307-337). Information Age
Publishing.

Barnard, L., Lan, W. Y., To, Y. M., Paton, V. O., & Lai, S.-L. (2009). Measuring self-
regulation in online and blended learning environments. The Internet and Higher
Education, 12(1), 1-6. https://doi.org/10.1016/j.iheduc.2008.10.005

Barnard-Brak, L., Paton, V. O., & Lan, W. Y. (2010). Profiles in self-regulated learning in the
online learning environment. The International Review of Research in Open and
Distributed Learning, 11(1), 61-80. https://doi.org/10.19173/irrodl.v11i1.769

Barr, S., & Askell-Williams, H. (2019). Changes in teachers’ epistemic cognition about self—
regulated learning as they engaged in a researcher-facilitated professional learning
community. Asia-Pacific Journal of Teacher Education, 48(2), 187-212.

https://doi.org/10.1080/1359866X.2019.1599098


https://psycnet.apa.org/doi/10.1037/0003-066X.44.9.1175

97

Becker, K. (2021). What’s the difference between gamification, serious games, educational
games, and game-based learning? Academia Letters. 1-4.
https://doi.org/10.20935/AL209

Bell, B. S., & Federman, J. E. (2013). E-learning in Postsecondary Education. The Future of
Children, 23(1), 165-185. https://doi.org/10.1353/foc.2013.0007

Bellhduser, H., Losch, T., Winter, C., & Schmitz, B. (2016). Applying a web-based training to
foster self-regulated learning—Effects of an intervention for large numbers of
participants.  The Internet  and Higher  Education, 31, 87-100.
https://doi.org/10.1016/j.iheduc.2016.07.002

Bembenutty, H. (2011). Introduction: Self-regulation of learning in postsecondary education.
New Directions  for  Teaching and Learning, 2011(126), 3-8.
https://doi.org/10.1002/t1.439

Bernard, R. M., Abrami, P. C., Lou, Y., Borokhovski, E., Wade, A., Wozney, L., Wallet, P.
A., Fiset, M., & Huang, B. (2004). How Does Distance Education Compare With
Classroom Instruction? A Meta-Analysis of the Empirical Literature. Review of
Educational Research, 74(3), 379-439. https://doi.org/10.3102/00346543074003379

Boekaerts, M. (1999). Self-regulated learning: Where we are today. International Journal of
Educational Research, 31(6), 445-457. https://doi.org/10.1016/S0883-
0355(99)00014-2

Boulay, M., Benveniste, S., Boespflug, S., Jouvelot, P., & Rigaud, A.-S. (2011). A pilot
usability study of MINWii, a music therapy game for demented patients. Technology
and Health Care, 19(4), 233-246. https://doi.org/10.3233/THC-2011-0628

Boyle, E. A., Connolly, T. M., Hainey, T., & Boyle, J. M. (2012). Engagement in digital
entertainment games: A systematic review. Computers in Human Behavior, 28(3),

771-780. https://doi.org/10.1016/j.chb.2011.11.020



98

Broadbent, J., Panadero, E., Lodge, J. M., & de Barba, P. (2020). Technologies to enhance
Self-regulated Learning in online and computer-mediated learning environments. In
M. J. Bishop, E. Boling, J. Elen, & V. Svihla (Eds.), Handbook of Research in
Educational Communications and Technology (fifth ed., pp. 37-52). Springer.

Broadbent, J., Panadero, E., Lodge, J. M., & Fuller-Tyszkiewicz, M. (2023). The self-
regulation for learning online (SRL-O) questionnaire. Metacognition and Learning,
18(1), 135-163. https://doi.org/10.1007/s11409-022-09319-6

Broadbent, J.,, & Poon, W. L. (2015). Self-regulated learning strategies & academic
achievement in online higher education learning environments: A systematic review.
The Internet and Higher Education, 217, 1-13.
https://doi.org/10.1016/j.iheduc.2015.04.007

Broadbent, J., Sharman, S., Panadero, E., & Fuller-Tyszkiewicz, M. (2021). How does self-
regulated learning influence formative assessment and summative grade? Comparing
online and blended learners. The Internet and Higher Education, 50, 100805.
https://doi.org/10.1016/j.iheduc.2021.100805

Brooke, J. (1996). SUS - A quick and dirty usability scale. CRC Press.

Brown, E., & Cairns, P. (2004). A grounded investigation of game immersion. Proceedings of
the CHI '04 Extended Abstracts on Human Factors in Computing Systems, 1297—
1300. https://doi.org/10.1145/985921.986048

Bruckman, A. (1999). Can educational be fun. Proceedings of the Game Developers
Conference San Jose, 99, 75-79.

Brun, L., Pansu, P., & Dompnier, B. (2021). The role of causal attributions in determining
behavioral consequences: A meta-analysis from an intrapersonal attributional
perspective in achievement contexts. Psychological Bulletin, 147(7), 701-718.

https://doi.org/10.1037/bul0000331



99

Buzza, D., & Allinotte, T. (2013). Pre-service Teachers’ Self-Regulated Learning and their
Developing Concepts of SRL. Brock Education Journal, 23(1). 58-76
https://doi.org/10.26522/brocked.v23i1.353

Cairns, P., Cox, A., & Nordin, A. I. (2014). Immersion in Digital Games: A Review of
Gaming Experience Research. In M. C. Angelides & H. Agius (Eds.), Handbook of
Digital Games (pp. 337—361). https://doi.org/10.1002/9781118796443.ch12

Chang, C.-C., Liang, C., Chou, P.-N., & Lin, G.-Y. (2017). Is game-based learning better in
flow experience and various types of cognitive load than non-game-based learning?
Perspective from multimedia and media richness. Computers in Human Behavior, 71,
218-227. https://doi.org/10.1016/j.chb.2017.01.031

Chen, J. (2022). The effectiveness of self-regulated learning (SRL) interventions on L2
learning achievement, strategy employment and self-efficacy: A meta-analytic study.
Frontiers in Psychology, 13, 1021101. https://doi.org/10.3389/fpsyg.2022.1021101

Chen, J., Lin, C.-H., Chen, G., & Fu, H. (2023). Individual differences in self-regulated
learning profiles of Chinese EFL readers: A sequential explanatory mixed-methods
study. Studies in  Second Language Acquisition, 45(4), 955-978.
https://doi.org/10.1017/S0272263122000584

Cheung, R., & Vogel, D. (2013). Predicting user acceptance of collaborative technologies: An
extension of the technology acceptance model for e-learning. Computers & Education,
63, 160-175. https://doi.org/10.1016/j.compedu.2012.12.003

Chibisa, A., Sibaya, D. C., & Mutambara, D. (2022). Factors Affecting Pre-service Teachers’
Acceptance of Online Learning to Promote Social Distancing. Progressio, 43, 1-20.
https://doi.org/10.25159/2663-5895/12229

Cho, M.-H., & Shen, D. (2013). Self-regulation in online learning. Distance Education, 34(3),

290-301. https://doi.org/10.1080/01587919.2013.835770



100

Clark, D. B., Tanner-Smith, E. E., & Killingsworth, S. S. (2016). Digital Games, Design, and
Learning: A Systematic Review and Meta-Analysis. Review of Educational Research,
86(1), 79-122. https://doi.org/10.3102/0034654315582065

Clark, R. C., & Mayer, R. E. (2016). e-Learning: Promise and Pitfalls. In R. C. Clark, & R. E.
Mayer (Eds.), E-Learning and the Science of Instruction (fourth ed., pp. 7-28). John
Wiley & Sons, Inc. https://doi.org/10.1002/9781119239086.chl

Cleary, T. J., & Russo, M. R. (2023). A multilevel framework for assessing self-regulated
learning in school contexts: Innovations, challenges, and future directions. Psychology
in the Schools, 61(1), 80-102. https://doi.org/10.1002/pits.23035

Cochran, W. G. (1954). The Combination of Estimates from Different Experiments.
Biometrics, 10(1), 101-129. https://doi.org/10.2307/3001666

Cohen, J. (1960). A Coefficient of Agreement for Nominal Scales. Educational and
Psychological Measurement, 20(2), 37-46.
https://doi.org/10.1177/001316446002000104

Cojocariu, V.-M., & Boghian, 1. (2014). Teaching the Relevance of Game-based Learning to
Preschool and Primary Teachers. Procedia - Social and Behavioral Sciences, 142,
640-646. https://doi.org/10.1016/j.sbspro.2014.07.679

Cook, D. A. (2009). The failure of e-learning research to inform educational practice, and
what we can do about it. Medical Teacher, 31(2), 158-162.
https://doi.org/10.1080/01421590802691393

Davis, F. D. (1989). Perceived Usefulness, Perceived Ease of Use, and User Acceptance of
Information Technology. MIS Quarterly, 13(3), 319-340.

https://doi.org/10.2307/249008



101

De Bruin, A. B. H., & van Gog, T. (2012). Improving self-monitoring and self-regulation:
From cognitive psychology to the classroom. Learning and Instruction, 22(4), 245—
252. https://doi.org/10.1016/j.learninstruc.2012.01.003

De Bruin, A. B. H., & van Merriénboer, J. J. G. (2017). Bridging Cognitive Load and Self-
Regulated Learning Research: A complementary approach to contemporary issues in
educational research. Learning and Instruction, 51, 1-9.
https://doi.org/10.1016/j.learninstruc.2017.06.001

De Freitas, V., Mohan, P., & Kinshuk, (2018). A Game Designers’ Guide for Creating
Learning Games for Mathematics. Proceedings of the 2018 IEEE 18th International
Conference on Advanced Learning Technologies (ICALT), 146-148.
https://doi.org/10.1109/ICALT.2018.00144

De Smul, M., Heirweg, S., Van Keer, H., Devos, G., & Vandevelde, S. (2018). How
competent do teachers feel instructing self-regulated learning strategies? Development
and validation of the teacher self-efficacy scale to implement self-regulated learning.
Teaching and Teacher Education, 71, 214-225.
https://doi.org/10.1016/j.tate.2018.01.001

Dent, A. L., & Koenka, A. C. (2016). The Relation Between Self-Regulated Learning and
Academic Achievement Across Childhood and Adolescence: A Meta-Analysis.
Educational Psychology Review, 28(3), 425-474. https://doi.org/10.1007/s10648-015-
9320-8

Deterding, S., Dixon, D., Khaled, R., & Nacke, L. (2011). From Game Design Elements to
Gamefulness: Defining “Gamification.”. Proceedings of the 15" International
Academic MindTrek Conference: Envisioning Future Media Environments, 9-15.

https://doi.org/10.1145/2181037.2181040


https://doi.org/10.1145/2181037.2181040

102

Dever, D. A., Wiedbusch, M. D., Romero, S. M., Smith, K., Patel, M., Sonnenfeld, N., Lester,
J., & Azevedo, R. (2023). Identifying the effects of scaffolding on learners’ temporal
deployment of self-regulated learning operations during game-based learning using
multimodal data. Frontiers in Psychology, 14, 1280566.
https://doi.org/10.3389/fpsyg.2023.1280566

Dignath, C., & Biittner, G. (2018). Teachers’ direct and indirect promotion of self-regulated
learning in primary and secondary school mathematics classes — insights from video-
based classroom observations and teacher interviews. Metacognition and Learning,
13(2), 127-157. https://doi.org/10.1007/s11409-018-9181-x

Dignath, C., & Veenman, M. V. J. (2021). The Role of Direct Strategy Instruction and
Indirect Activation of Self-Regulated Learning—Evidence from Classroom
Observation  Studies. Educational Psychology Review, 33(2), 489-533.
https://doi.org/10.1007/s10648-020-09534-0

Dignath-van Ewijk, C. (2016). Which components of teacher competence determine whether
teachers enhance self-regulated learning? Predicting teachers’ self-reported promotion
of self-regulated learning by means of teacher beliefs, knowledge, and self-efficacy.
Frontline Learning Research, 4(5), 83-105. https://doi.org/10.14786/flr.v4i5.247

DiSalvo, B. (2015). Pink Boxes and Chocolate-dipped Broccoli: Bad Game Design Providing
Justifications for Reluctant Learners. Proceedings of the 11" Games and Learning
Society Conference, 8-10.

Ddorrenbacher, L., & Perels, F. (2016). Self-regulated learning profiles in college students:
Their relationship to achievement, personality, and the effectiveness of an intervention
to foster self-regulated learning. Learning and Individual Differences, 51, 229-241.

https://doi.org/10.1016/j.lindif.2016.09.015



103

Ddorrenbacher-Ulrich, L., Rascopp, S., & Perels, F. (2019). Evaluation einer Lernwerkstatt
zum selbstregulierten Lernen fur angehende Lehrkréfte — Forderung von Kompetenzen
zur Gestaltung individualisierten Lernens. Herausforderung Lehrer*innenbildung -
Zeitschrift zur Konzeption, 2(3), 323-345. https://doi.org/10.4119/HLZ-2454

Dorrenbacher-Ulrich, L., Sparfeldt, J. R., & Perels, F. (2024). Knowing how to learn:
Development and validation of the strategy knowledge test for self-regulated learning
(SKT-SRL) for college students. Metacognition and Learning, 19(2), 1-45.
https://doi.org/10.1007/s11409-024-09379-w

Ddorrenbacher-Ulrich, L., Weillenfels, M., Russer, L., & Perels, F. (2021). Multimethod
assessment of self-regulated learning in college students: Different methods for
different components? Instructional Science, 49(1), 137-163.
https://doi.org/10.1007/s11251-020-09533-2

Drueke, B., Mainz, V., Lemos, M., Wirtz, M. A., & Boecker, M. (2021). An Evaluation of
Forced Distance Learning and Teaching Under Pandemic Conditions Using the
Technology Acceptance Model. Frontiers in  Psychology, 12, 701347.
https://doi.org/10.3389/fpsyg.2021.701347

Du, J., Hew, K. F., & Liu, L. (2023). What can online traces tell us about students’ self-
regulated learning? A systematic review of online trace data analysis. Computers &
Education, 201, 104828. https://doi.org/10.1016/j.compedu.2023.104828

Egger, M., Smith, G. D., Schneider, M., & Minder, C. (1997). Bias in meta-analysis detected
by a simple, graphical test. BMJ, 315, 629-634.
https://doi.org/10.1136/bmj.315.7109.629

Engelmann, K., Bannert, M., & Melzner, N. (2021). Do self-created metacognitive prompts

promote short- and long-term effects in computer-based learning environments?



104

Research and Practice in Technology Enhanced Learning, 16(3), 1-21.
https://doi.org/10.1186/s41039-021-00148-w

Erhel, S., & Jamet, E. (2013). Digital game-based learning: Impact of instructions and
feedback on motivation and learning effectiveness. Computers & Education, 67, 156—
167. https://doi.org/10.1016/j.compedu.2013.02.019

Esnaashari, S., Gardner, L. A., Arthanari, T. S., & Rehm, M. (2023). Unfolding self-regulated
learning profiles of students: A longitudinal study. Journal of Computer Assisted
Learning, 39(4), 1116-1131. https://doi.org/10.1111/jcal.12830

Federal Ministry for Economic Affairs and Climate Action (2024). Video Games.
https://www.bmwk.de/Redaktion/EN/Dossier/games.htmi

Fens, T., Hope, D. L., Crawshaw, S., Tommelein, E., Dantuma-Wering, C., Verdel, B. M.,
TreCiokiené, 1., Solanki, V., van Puijenbroek, E. P., & Taxis, K. (2021). The
International Pharmacy Game: A Comparison of Implementation in Seven
Universities World-Wide. Pharmacy, 9(3), 125.
https://doi.org/10.3390/pharmacy9030125

Fischer, A., & Dignath, C. (2024). How do teachers promote self-regulation of learning when
students need to learn at home? The moderating role of teachers’ ICT competency.
Unterrichtswissenschaft, 52(1), 65-92. https://doi.org/10.1007/s42010-023-00191-0

Foerst, N. M., Klug, J., Jostl, G., Spiel, C., & Schober, B. (2017). Knowledge vs. Action:
Discrepancies in University Students’ Knowledge about and Self-Reported Use of
Self-Regulated Learning Strategies. Frontiers in  Psychology, 8, 1288.
https://doi.org/10.3389/fpsyg.2017.01288

Fornell, C., & Larcker, D. F. (1981). Structural Equation Models with Unobservable
Variables and Measurement Error: Algebra and Statistics. Journal of Marketing

Research, 18(3), 382—388. https://doi.org/10.1177/002224378101800313


https://doi.org/10.1177/002224378101800313

105

Franciosi, S. J. (2017). The Effect of Computer Game-Based Learning on FL Vocabulary
Transferability. Educational Technology & Society, 20(1), 123-133.

Fryer, L. K., & Vermunt, J. D. (2018). Regulating approaches to learning: Testing learning
strategy convergences across a year at university. British Journal of Educational
Psychology, 88(1), 21-41. https://doi.org/10.1111/bjep.12169

Fuchs, K., Posse, L., Bedenlier, S., Glaser-Zikuda, M., Kammerl, R., Kopp, B., Ziegler, A., &
Héndel, M. (2022). Preservice Teachers’ Online Self-Regulated Learning: Does
Digital Readiness Matter? Education Sciences, 12(4), 272.
https://doi.org/10.3390/educsci12040272

Giesbers, B., Rienties, B., Tempelaar, D., & Gijselaers, W. (2014). A dynamic analysis of the
interplay between asynchronous and synchronous communication in online learning:
The impact of motivation. Journal of Computer Assisted Learning, 30(1), 30-50.
https://doi.org/10.1111/jcal.12020

Glogger-Frey, 1., Ampatziadis, Y., Ohst, A., & Renkl, A. (2018). Future teachers’ knowledge
about learning strategies: Misconcepts and knowledge-in-pieces. Thinking Skills and
Creativity, 28, 41-55. https://doi.org/10.1016/j.tsc.2018.02.001

Gordon, S. C., Dembo, M. H., & Hocevar, D. (2007). Do teachers’ own learning behaviors
influence their classroom goal orientation and control ideology? Teaching and
Teacher Education, 23(1), 36-46. https://doi.org/10.1016/j.tate.2004.08.002

Graesser, A. C., Sabatini, J. P., & Li, H. (2022). Educational Psychology Is Evolving to
Accommodate Technology, Multiple Disciplines, and Twenty-First-Century Skills.
Annual Review of Psychology, 73(1), 547-574. https://doi.org/10.1146/annurev-psych-

020821-113042



106

Granié, A., & Maranguni¢, N. (2019). Technology acceptance model in educational context:
A systematic literature review. British Journal of Educational Technology, 50(5),
2572-2593. https://doi.org/10.1111/bjet.12864

Granstrom, M., Hiarma, E., & Kikas, E. (2022). Teachers’ Knowledge of Learning Strategies.
Scandinavian  Journal  of  Educational = Research, 67(6), 870-885.
https://doi.org/10.1080/00313831.2022.2074536

Gurbuz, S. C., & Celik, M. (2022). Serious games in future skills development: A systematic
review of the design approaches. Computer Applications in Engineering Education,
30(5), 1591-1612. https://doi.org/10.1002/cae.22557

Hanif, A., Jamal, F. Q., & Imran, M. (2018). Extending the Technology Acceptance Model
for Use of e-Learning Systems by Digital Learners. IEEE Access, 6, 73395-73404.
https://doi.org/10.1109/ACCESS.2018.2881384

Hartt, M., Hosseini, H., & Mostafapour, M. (2020). Game On: Exploring the Effectiveness of
Game-based Learning. Planning Practice & Research, 35(5), 589-604.
https://doi.org/10.1080/02697459.2020.1778859

Heikkild, A., Lonka, K., Nieminen, J., & Niemivirta, M. (2012). Relations between teacher
students’ approaches to learning, cognitive and attributional strategies, well-being, and
study success. Higher Education, 64(4), 455-471. https://doi.org/10.1007/s10734-012-
9504-9

Heikkinen, S., Saqr, M., Malmberg, J., & Tedre, M. (2023). Supporting self-regulated
learning with learning analytics interventions — a systematic literature review.
Education and Information Technologies, 28(3), 3059-3088.
https://doi.org/10.1007/s10639-022-11281-4

Higgins, J. P. T., & Thompson, S. G. (2002). Quantifying heterogeneity in a meta-analysis.

Statistics in Medicine, 21(11), 1539-1558. https://doi.org/10.1002/sim.1186



107

Hirt, C. N., Karlen, Y., Merki, K. M., & Suter, F. (2021). What makes high achievers
different from low achievers? Self-regulated learners in the context of a high-stakes
academic long-term task. Learning and Individual Differences, 92, 102085.
https://doi.org/10.1016/j.lindif.2021.102085

Homer, B. D., Raffaele, C., & Henderson, H. (2020). Games as playful learning: Implications
of developmental theory for game-based learning. In J. L. Plass, R. E. Mayer, & B. D.
Homer (Eds.), Handbook of Game-Based Learning (first ed., pp. 25-52). MIT Press.

Hsu, A. J. C., Chen, M. Y.-C., & Shin, N.-F. (2022). From academic achievement to career
development: Does self-regulated learning matter? International Journal for
Educational and Vocational Guidance, 22(2), 285-305.
https://doi.org/10.1007/s10775-021-09486-z

Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure
analysis: Conventional criteria versus new alternatives. Structural Equation Modeling:
A Multidisciplinary Journal, 6(1), 1-55. https://doi.org/10.1080/10705519909540118

Huang, L., Li, S., Poitras, E. G., & Lajoie, S. P. (2021). Latent profiles of self-regulated
learning and their impacts on teachers’ technology integration. British Journal of
Educational Technology, 52(2), 695-713. https://doi.org/10.1111/bjet.13050

Hung, M.-L. (2016). Teacher readiness for online learning: Scale development and teacher
perceptions. Computers & Education, 94, 120-133.
https://doi.org/10.1016/j.compedu.2015.11.012

Ibrahim, R., Leng, N. S., Yusoff, R. C. M., Samy, G. N., Masrom, S., & Rizman, Z. I. (2017).
E-learning acceptance based on technology acceptance model (TAM). Journal of
Fundamental and Applied Sciences, 9(4S), 871-889.

https://doi.org/10.4314/jfas.v9i4S.50



108

Jansen, R. S., van Leeuwen, A., Janssen, J., Jak, S., & Kester, L. (2019). Self-regulated
learning partially mediates the effect of self-regulated learning interventions on
achievement in higher education: A meta-analysis. Educational Research Review, 28,
100292. https://doi.org/10.1016/j.edurev.2019.100292

Johnson, G. M., & Davies, S. M. (2014). Self-Regulated Learning in Digital Environments:
Theory, Research, Praxis. British Journal of Research, 1(2), 1-14.

Jong, M. S. Y. (2015). Does online game-based learning work in formal education at school?
A case study of VISOLE. Curriculum Journal, 26(2), 249-267.
https://doi.org/10.1080/09585176.2015.1018915

Joo, Y. J., Park, S., & Lim, E. (2018). Factors Influencing Preservice Teachers’ Intention to
Use Technology.Educational Technology & Society, 21(3), 48-59.

Kalogiannakis, M., Papadakis, S., & Zourmpakis, A.-l. (2021). Gamification in Science
Education. A Systematic Review of the Literature. Education Sciences, 11(1), 22.
https://doi.org/10.3390/educsci11010022

Karakog, B., Eryllmaz, K., Turan Ozpolat, E., & Yildirim, I. (2020). The Effect of Game-
Based Learning on Student Achievement: A Meta-Analysis Study. Technology,
Knowledge and Learning, 27(1), 207-222. https://doi.org/10.1007/s10758-020-09471-
5

Karlen, Y., & Hertel, S. (2024). Inspiring self-regulated learning in everyday classrooms:
Teachers’ professional competences and promotion of self-regulated learning.
Unterrichtswissenschaft, 52(1), 1-13. https://doi.org/10.1007/s42010-024-00196-3

Karlen, Y., Hertel, S., & Hirt, C. N. (2020). Teachers’ Professional Competences in Self-
Regulated Learning: An Approach to Integrate Teachers’ Competences as Self-
Regulated Learners and as Agents of Self-Regulated Learning in a Holistic Manner.

Frontiers in Education, 5, 159. https://doi.org/10.3389/feduc.2020.00159



109

Karlen, Y., Hirt, C. N., Jud, J., Rosenthal, A., & Eberli, T. D. (2023). Teachers as learners and
agents of self-regulated learning: The importance of different teachers competence
aspects for promoting metacognition. Teaching and Teacher Education, 125, 104055.
https://doi.org/10.1016/j.tate.2023.104055

Karlen, Y., Hirt, C. N., Liska, A., & Stebner, F. (2021). Mindsets and Self-Concepts About
Self-Regulated Learning: Their Relationships With Emotions, Strategy Knowledge,
and Academic  Achievement. Frontiers in  Psychology, 12, 661142,
https://doi.org/10.3389/fpsyg.2021.661142

Karrer, K., Glaser, C., Clemens, C., & Bruder, C. (2009). Technikaffinitat erfassen — der
Fragebogen TA-EG. Der Mensch im Mittelpunkt Technischer Systeme, 8(2009), 196—
201.

Kenny, D. A. (1979). Correlation and causality. Wiley.

Khan, A., Ahmad, F. H., & Malik, M. M. (2017). Use of digital game based learning and
gamification in secondary school science: The effect on student engagement, learning
and gender difference. Education and Information Technologies, 22(6), 2767-2804.
https://doi.org/10.1007/s10639-017-9622-1

Khan, Y. M., Shah, M. H., & Sahibzada, H. E. (2020). Impact of Self-Regulated Learning
Behavior on the Academic Achievement of University Students. FWU Journal of
Social Sciences, 14(2), 117-130.

Kizilcec, R. F., Pérez-Sanagustin, M., & Maldonado, J. J. (2017). Self-regulated learning
strategies predict learner behavior and goal attainment in Massive Open Online
Courses. Computers & Education, 104, 18-33.
https://doi.org/10.1016/j.compedu.2016.10.001

Kline, R. B. (2016). Principles and Practice of Structural Equation Modeling (4th ed.).

Guilford Press.



110

Koivula, A., R&sénen, P., & Sarpila, O. (2019). Examining Social Desirability Bias in Online
and Offline Surveys. In M. Kurosu (Ed.), Human-Computer Interaction. Perspectives
on Design (Vol. 11566, pp. 145-158). Springer International Publishing.
https://doi.org/10.1007/978-3-030-22646-6_11

Koutromanos, G., Styliaras, G., & Christodoulou, S. (2015). Student and in-service teachers’
acceptance of spatial hypermedia in their teaching: The case of HyperSea. Education
and Information Technologies, 20(3), 559-578. https://doi.org/10.1007/s10639-013-
9302-8

Kramarski, B. (2017). Teachers as agents in promoting students’ SRL and performance:
Application for teachers’ dual-role training program. In D. H. Schunk & J. A. Greene
(Eds.), Handbook of Self-Regulation of Learning and Performance (2nd edition, pp.
223-240). Routledge.

Kramarski, B., & Michalsky, T. (2010). Preparing preservice teachers for self-regulated
learning in the context of technological pedagogical content knowledge. Learning and
Instruction, 20(5), 434-447. https://doi.org/10.1016/j.learninstruc.2009.05.003

Kimmel, E., Moskaliuk, J., Cress, U., & Kimmerle, J. (2020). Digital Learning Environments
in Higher Education: A Literature Review of the Role of Individual vs. Social Settings
for Measuring Learning Outcomes. Education Sciences, 10(3), 78.
https://doi.org/10.3390/educsci10030078

Lamb, R. L., Annetta, L., Firestone, J., & Etopio, E. (2018). A meta-analysis with
examination of moderators of student cognition, affect, and learning outcomes while
using serious educational games, serious games, and simulations. Computers in

Human Behavior, 80, 158-167. https://doi.org/10.1016/j.chb.2017.10.040



111

Lawson, M. J., Vosniadou, S., Van Deur, P., Wyra, M., & Jeffries, D. (2019). Teachers’ and
Students’ Belief Systems About the Self-Regulation of Learning. Educational
Psychology Review, 31(1), 223-251. https://doi.org/10.1007/s10648-018-9453-7

Lee, Y., & Choi, J. (2011). A review of online course dropout research: Implications for
practice and future research. Educational Technology Research and Development,
59(5), 593-618. https://doi.org/10.1007/s11423-010-9177-y

Lei, H., Chiu, M. M., Wang, D., Wang, C., & Xie, T. (2022). Effects of game-based learning
on students’ achievement in science: A meta-analysis. Journal of Educational
Computing Research, 60(6), 1373-1398.
https://doi.org/doi:10.1177/07356331211064543

Lent, R. W., Morris, T. R., Penn, L. T., & Ireland, G. W. (2019). Social-cognitive predictors
of career exploration and decision-making: Longitudinal test of the career self-
management model. Journal of Counseling Psychology, 66(2), 184-194.
https://doi.org/10.1037/cou0000307

Ledn, S. P., Panadero, E., & Garcia-Martinez, 1. (2023). How Accurate Are Our Students? A
Meta-analytic Systematic Review on Self-assessment Scoring Accuracy. Educational
Psychology Review, 35(4), 1-106. https://doi.org/10.1007/s10648-023-09819-0

Leong, L. W., Ibrahim, O., Dalvi-Esfahani, M., Shahbazi, H., & Nilashi, M. (2018). The
moderating effect of experience on the intention to adopt mobile social network sites
for pedagogical purposes: An extension of the technology acceptance model.
Education and Information Technologies, 23(6), 2477-2498.
https://doi.org/10.1007/s10639-018-9726-2

Lewis, N. A., & Oyserman, D. (2015). When Does the Future Begin? Time Metrics Matter,
Connecting Present and Future Selves. Psychological Science, 26(6), 816-825.

https://doi.org/10.1177/0956797615572231



112

Lin, H.-H., Lin, S, Yeh, C.-H., & Wang, Y .-S. (2016). Measuring mobile learning readiness:
Scale development and validation. Internet Research, 26(1), 265-287.
https://doi.org/10.1108/IntR-10-2014-0241

Little, T. D., Rhemtulla, M., Gibson, K., & Schoemann, A. M. (2013). Why the items versus
parcels controversy needn’t be one. Psychological Methods, 18(3), 285-300.
https://doi.org/10.1037/a0033266

Liu, I.-F., Chen, M. C., Sun, Y. S., Wible, D., & Kuo, C.-H. (2010). Extending the TAM
model to explore the factors that affect Intention to Use an Online Learning
Community. Computers & Education, 54(2), 600-610.
https://doi.org/10.1016/j.compedu.2009.09.009

Liu, J., Xiang, P., McBride, R. E., & Chen, H. (2020). Self-regulated learning strategies and
achievement goals among preservice physical education teachers. European Physical
Education Review, 26(2), 375-391. https://doi.org/10.1177/1356336X19859602

Loderer, K., Pekrun, R., & Plass, J. L. (2020). Emotional Foundations of Game-based
Learning. In J. L. Plass, R. E. Mayer, & B. D. Homer (Eds.), Handbook of Game-
Based Learning (first ed., pp. 111-152). MIT Press.

Lucas, M., Gunawardena, C., & Moreira, A. (2014). Assessing social construction of
knowledge online: A critique of the interaction analysis model. Computers in Human
Behavior, 30, 574-582. https://doi.org/10.1016/j.chb.2013.07.050

Liftenegger, M., Finsterwald, M., Klug, J., Bergsmann, E., van de Schoot, R., Schober, B., &
Wagner, P. (2016). Fostering pupils’ lifelong learning competencies in the classroom:
Evaluation of a training programme using a multivariate multilevel growth curve
approach. European Journal of Developmental Psychology, 13(6), 719-736.

https://doi.org/10.1080/17405629.2015.1077113



113

Mali, D., & Lim, H. (2021). How do students perceive face-to-face/blended learning as a
result of the Covid-19 pandemic? The International Journal of Management
Education, 19(3), 100552. https://doi.org/10.1016/j.ijme.2021.100552

Mao, W., Cui, Y., Chiu, M. M., & Lei, H. (2021). Effects of game-based learning on students’
critical thinking: A meta-analysis. Journal of Educational Computing Research, 59(8),
1682-1708. https://doi.org/doi: 10.1177/07356331211007098

Marklund, B. B., & Taylor, A.-S. A. (2016). Educational Games in Practice: The challenges
involved in conducting a game-based curriculum. Electronic Journal of e-Learning,
14(2), 122-135.

Marsh, H. W., Muthén, B., Asparouhov, T., Ludtke, O., Robitzsch, A., Morin, A. J. S., &
Trautwein, U. (2009). Exploratory Structural Equation Modeling, Integrating CFA and
EFA: Application to Students’ Evaluations of University Teaching. Structural
Equation  Modeling: A Multidisciplinary ~ Journal,  16(3),  439-476.
https://doi.org/10.1080/10705510903008220

Marsh, T. (2011). Serious games continuum: Between games for purpose and experiential
environments  for  purpose.  Entertainment  Computing, 2(2), 61-68.
https://doi.org/10.1016/j.entcom.2010.12.004

Martin-Hernandez, P., Gil-Lacruz, M., Gil-Lacruz, A. I., Azkue-Beteta, J. L., Lira, E. M., &
Cantarero, L. (2021). Fostering University Students’ Engagement in Teamwork and
Innovation Behaviors through Game-Based Learning (GBL). Sustainability, 13(24),
13573. https://doi.org/10.3390/su132413573

Masrek, M., Jamaludin, A., & Awang Mukhtar, S. (2010). Evaluating academic library portal
effectiveness: A Malaysian case study. Library Review, 59(3), 198-212.

https://doi.org/10.1108/00242531011031188



114

Matcha, W., Uzir, N. A., Gasevic, D., & Pardo, A. (2020). A Systematic Review of Empirical
Studies on Learning Analytics Dashboards: A Self-Regulated Learning Perspective.
IEEE Transactions on Learning Technologies, 13(2), 226-245.
https://doi.org/10.1109/TLT.2019.2916802

Mayer, R. E. (2014). Computer games for learning: An evidence-based approach. MIT Press.

McDaniel, M. A., & Einstein, G. O. (2020). Training Learning Strategies to Promote Self-
Regulation and Transfer: The Knowledge, Belief, Commitment, and Planning
Framework. Perspectives on Psychological Science, 15(6), 1363-1381.
https://doi.org/10.1177/1745691620920723

McLaren, B. M., Adams, D. M., Mayer, R. E., & Forlizzi, J. (2017). A Computer-Based
Game that Promotes Mathematics Learning More than a Conventional Approach:
International Journal of Game-Based Learning, 7(1), 36-56.
https://doi.org/10.4018/1JGBL.2017010103

Michael, D., & Chen, S. (2006). Serious Games. Games That Educate, Train, And Inform.
Thomson Course Technology.

Michalsky, T. (2021). Pre-service and Inservice Teachers’ Noticing of Explicit Instruction for
Self-Regulated Learning Strategies. Frontiers in Psychology, 12, 630197.
https://doi.org/10.3389/fpsyg.2021.630197

Mishra, S., & Panda, S. (2007). Development and Factor Analysis of an Instrument to
Measure Faculty Attitude towards e-Learning. Asian Journal of Distance Education,
5(1), 27-33.

Molenaar, 1. (2022). The concept of hybrid human-Al regulation: Exemplifying how to
support young learners’ self-regulated learning. Computers and Education: Artificial

Intelligence, 3, 100070. https://doi.org/10.1016/j.caeai.2022.100070



115

Moreno-Ger, P., Burgos, D., Martinez-Ortiz, 1., Sierra, J. L., & Fernandez-Manjon, B. (2008).
Educational game design for online education. Computers in Human Behavior, 24(6),
253-254. https://doi.org/10.1016/j.chb.2008.03.012

Muwonge, C. M., Ssenyonga, J., Kibedi, H., & Schiefele, U. (2020). Use of self-regulated
learning strategies Among Teacher Education students: A latent profile analysis.
Social Sciences & Humanities Open, 2(1), 100037.
https://doi.org/10.1016/j.ssah0.2020.100037

Ng, W. (2015). New Digital Technology in Education (1st ed.). Springer.

Ning, H. K., & Downing, K. (2015). A latent profile analysis of university students’ self-
regulated learning strategies. Studies in Higher Education, 40(7), 1328-1346.
https://doi.org/10.1080/03075079.2014.880832

Ogbonna, C. G., Ibezim, N. E., & Obi, C. A. (2019). Synchronous versus asynchronous e-
learning in teaching word processing: An experimental approach. South African
Journal of Education, 39(2), 1-15. https://doi.org/10.15700/saje.v39n2a1383

Ohst, A., Glogger, 1., Nickles, M., & Renkl, A. (2015). Helping preservice teachers with
inaccurate and fragmentary prior knowledge to acquire conceptual understanding of
psychological principles. Psychology Learning & Teaching, 14(1), 5-25.
https://doi.org/10.1177/1475725714564925

Pan, X. (2020). Technology Acceptance, Technological Self-Efficacy, and Attitude Toward
Technology-Based Self-Directed Learning: Learning Motivation as a Mediator.
Frontiers in Psychology, 11, 564294. https://doi.org/10.3389/fpsyq.2020.564294

Panadero, E. (2017). A Review of Self-regulated Learning: Six Models and Four Directions
for Research. Frontiers in Psychology, 8, 1-28.

https://doi.org/10.3389/fpsyg.2017.00422



116

Peeters, J., De Backer, F., Reina, V. R., Kindekens, A., Buffel, T., & Lombaerts, K. (2014).
The Role of Teachers’ Self-regulatory Capacities in the Implementation of Self-
regulated Learning Practices. Procedia - Social and Behavioral Sciences, 116, 1963—
1970. https://doi.org/10.1016/j.sbspro.2014.01.504

Pekrun, R. (2020). Self-Report is Indispensable to Assess Students’ Learning. Frontline
Learning Research, 8(3), 185-193. https://doi.org/10.14786/flr.v8i3.637

Perry, N. B., Calkins, S. D., Dollar, J. M., Keane, S. P., & Shanahan, L. (2018). Self-
regulation as a predictor of patterns of change in externalizing behaviors from infancy
to adolescence. Development and Psychopathology, 30(2), 497-510.
https://doi.org/10.1017/S0954579417000992

Persico, D., Manganello, F., Passarelli, M., & Pozzi, F. (2023). Is GBL Good for Teachers? A
Game for Teachers on How to Foster Students’ Self-Regulated Learning. Education
Sciences, 13(12), 1180. https://doi.org/10.3390/educscil3121180

Phan, M. H., Keebler, J. R., & Chaparro, B. S. (2016). The Development and Validation of
the Game User Experience Satisfaction Scale (GUESS). Human Factors: The Journal
of the Human Factors and Ergonomics Society, 58(8), 1217-1247.
https://doi.org/10.1177/0018720816669646

Pinelle, D., Wong, N., & Stach, T. (2008). Heuristic evaluation for games: Usability
principles for video game design. Proceedings of the SIGCHI Conference on Human
Factors in Computing Systems, 1453-1462. https://doi.org/10.1145/1357054.1357282

Plass, J. L., Homer, B. D., & Kinzer, C. K. (2015). Foundations of Game-Based Learning.
Educational Psychologist, 50(4), 258-283.

https://doi.org/10.1080/00461520.2015.1122533



117

Plass, J. L., Homer, B. D., Mayer, R. E., & Kinzer, C. K. (2020). Theoretical Foundations of
Game-based and Playful Learning. In J. L. Plass, R. E. Mayer, & B. D. Homer (Eds.),
Handbook of Game-Based Learning (first ed., pp. 3-25). MIT Press.

Plass, J. L., & Pawar, S. (2020). Adaptivity and Personalization in Game-Based Learning. In
J. L. Plass, R. E. Mayer, & B. D. Homer (Eds.), Handbook of Game-Based Learning
(first ed., pp. 263-282). MIT Press.

Prasse, D., Webb, M., Deschénes, M., Parent, S., Aeschlimann, F., Goda, Y., Yamada, M., &
Raynault, A. (2024). Challenges in Promoting Self-Regulated Learning in Technology
Supported Learning Environments: An Umbrella Review of Systematic Reviews and
Meta-Analyses. Technology, Knowledge and Learning, 1-22
https://doi.org/10.1007/s10758-024-09772-z

Prensky, M. (2007). Digital Game-Based Learning. Paragon House.

Punnoose, A. C. (2012). Determinants of Intention to Use elLearning Based on the
Technology Acceptance Model. Journal of Information Technology Education:
Research, 11, 301-337. https://doi.org/10.28945/1744

R Core Team. (2020). A language and environment for statistical computing. R Foundation
for Statistical Computing. https://www.R-project.org/

Ranellucci, J., Rosenberg, J. M., & Poitras, E. G. (2020). Exploring pre-service teachers’ use
of technology: The technology acceptance model and expectancy-value theory.
Journal of Computer Assisted Learning, 36(6), 810-824.
https://doi.org/10.1111/jcal.12459

Ratna, P. A., & Mehra, S. (2015). Exploring the acceptance for e-learning using technology
acceptance model among university students in India. International Journal of
Process Management and Benchmarking, 5(2), 194-201.

https://doi.org/10.1504/1JPMB.2015.068667



118

Reese, S. A. (2015). Online learning environments in higher education: Connectivism vs.
dissociation. Education and Information Technologies, 20(3), 579-588.
https://doi.org/10.1007/s10639-013-9303-7

Rockinson-Szapkiw, A., & Wendt, J. (2015). Technologies that Assist in Online Group Work:
A Comparison of Synchronous and Asynchronous Computer Mediated
Communication Technologies on Students’ Learning and Community. Journal of
Educational Multimedia and Hypermedia, 24(3), 263-279.

Ros, S., Herndndez, R., Caminero, A., Robles, A., Barbero, 1., Maci4, A., & Holgado, F. P.
(2014). On the use of extended TAM to assess students’ acceptance and intent to use
third-generation learning management systems. British Journal of Educational
Technology, 46(6), 1250-1271. https://doi.org/10.1111/bjet.12199

Rosli, M. S., Saleh, N. S., Md. Ali, A., Abu Bakar, S., & Mohd Tahir, L. (2022). A
Systematic Review of the Technology Acceptance Model for the Sustainability of
Higher Education During the COVID-19 Pandemic and Identified Research Gaps.
Sustainability, 14(18), 11389. https://doi.org/10.3390/su141811389

Roth, A., Ogrin, S., & Schmitz, B. (2016). Assessing self-regulated learning in higher
education: A systematic literature review of self-report instruments. Educational
Assessment, Evaluation and Accountability, 28(3), 225-250.
https://doi.org/10.1007/s11092-015-9229-2

Rovers, S. F. E., Clarebout, G., Savelberg, H. H. C. M., de Bruin, A. B. H.,, & van
Merriénboer, J. J. G. (2019). Granularity matters: Comparing different ways of
measuring self-regulated learning. Metacognition and Learning, 14(1), 1-109.
https://doi.org/10.1007/s11409-019-09188-6

Rowe, J. P., Shores, L. R., Mott, B. W., Lester, J. C., & Carolina, N. (2011). Integrating

Learning, Problem Solving, and Engagement in Narrative-Centered Learning



119

Environments. International Journal of Artificial Intelligence in Education, 21(3),
115-133. https://doi.org./ 10.3233/JAl1-2011-019

Ryan, R. M., & Righy, C. S. (2020). Motivational Foundations of Game-based learning. In J.
L. Plass, R. E. Mayer, & B. D. Homer (Eds.), Handbook of Game-Based Learning
(first ed., pp. 153-176). MIT Press.

Sadi, O., & Uyar, M. (2013). The Relationship Between Self-efficacy, Self-regulated
Learning Strategies and Achievement: A Path Model. Journal of Baltic Science
Education, 12(1), 21-33. https://doi.org/10.33225/jbse/13.12.21

Salen, K., & Zimmerman, E. (2004). Rules of Play: Game Design Fundamentals. MIT Press.

Scherer, R., & Teo, T. (2019). Unpacking teachers’ intentions to integrate technology: A
meta-analysis. Educational Research Review, 217, 90-109.
https://doi.org/10.1016/j.edurev.2019.03.001

Schlag, M., & Imhof, M. (2017). Does Perceived Ease of Use Mitigate Computer Anxiety and
Stimulate Self-regulated Learning for Pre-Service Teacher Students? International
Journal of Higher Education, 6(3), 154-168. https://doi.org/10.5430/ijhe.v6n3p154

Schwam, D., Greenberg, D., & Li, H. (2020). Individual Differences in Self-regulated
Learning of College Students Enrolled in Online College Courses. American Journal
of Distance Education, 35(2), 133-151.
https://doi.org/10.1080/08923647.2020.1829255

Shahabadi, M. M., & Uplane, M. (2015). Synchronous and Asynchronous e-learning Styles
and Academic Performance of e-learners. Procedia - Social and Behavioral Sciences,
176, 129-138. https://doi.org/10.1016/j.sbspro.2015.01.453

Simi¢ Sasié, S., Nikéevié-Milkovié, A., & Cindrié¢, M. (2023). How much do teachers know

about self-regulated learning? To what degree and in what way do they encourage it in



120

students? Frontiers in Education, 8, 1281438.
https://doi.org/10.3389/feduc.2023.1281438

Siuko, J., Cloude, E., & Kiili, K. (2024). Improving critical graph reading skills: The potential
might lie in game-based learning. Proceedings of the 8th International GamiFIN
Conference 2024, 79-87.

Skarbez, R., Smith, M., & Whitton, M. C. (2021). Revisiting Milgram and Kishino’s Reality-
Virtuality ~ Continuum.  Frontiers in  Virtual Reality, 2, 647997.
https://doi.org/10.3389/frvir.2021.647997

Sperling, R., Nietfeld, J., Syal, S., & Young, T. (2022). Missions with Monty: A Game-Based
Learning Environment to Promote Comprehension Monitoring and Science
Achievement. Proceedings of the European Conference on Games Based Learning,
16(1), 535-542. https://doi.org/10.34190/ecgbl.16.1.792

Spruce, R., & Bol, L. (2015). Teacher beliefs, knowledge, and practice of self-regulated
learning. Metacognition and Learning, 10(2), 245-277.
https://doi.org/10.1007/s11409-014-9124-0

Spurk, D., Hirschi, A., Wang, M., Valero, D., & Kauffeld, S. (2020). Latent profile analysis:
A review and “how to” guide of its application within vocational behavior research.
Journal of Vocational Behavior, 120, 103445.
https://doi.org/10.1016/j.jvb.2020.103445

Taub, M., Azevedo, R., Bradbury, A. E., & Mudrick, N. (2020). Self-Regulation and
Reflection During Game-Based Learning. In J. L. Plass, R. E. Mayer, & B. D. Homer
(Eds.), Handbook of Game-Based Learning (first ed., pp. 239-262). MIT Press.

Teo, T., & Milutinovic, V. (2015). Modelling the intention to use technology for teaching
mathematics among pre-service teachers in Serbia. Australasian Journal of

Educational Technology, 31(4), 363—380. https://doi.org/10.14742/ajet.1668



121

Theobald, M. (2021). Self-regulated learning training programs enhance university students’
academic performance, self-regulated learning strategies, and motivation: A meta-
analysis. Contemporary Educational Psychology, 66, 101976.
https://doi.org/10.1016/j.cedpsych.2021.101976

Thornhill-Miller, B., Camarda, A., Mercier, M., Burkhardt, J.-M., Morisseau, T., Bourgeois-
Bougrine, S., Vinchon, F., El Hayek, S., Augereau-Landais, M., Mourey, F., Feybesse,
C., Sundquist, D., & Lubart, T. (2023). Creativity, Critical Thinking, Communication,
and Collaboration: Assessment, Certification, and Promotion of 21st Century Skills
for the Future of Work and Education. Journal of Intelligence, 11(3), 54.
https://doi.org/10.3390/jintelligence11030054

Trilling, B., & Fadel, C. (2009). 21st Century Skills. Learning for Life in our Times. Jossey-
Bass.

Tsai, Y., & Tsai, C. (2020). A meta-analysis of research on digital game-based science
learning. Journal of Computer Assisted Learning, 36(3), 280-294.
https://doi.org/10.1111/jcal.12430

Valenzuela, R., Codina, N., Castillo, I., & Pestana, J. V. (2020). Young University Students’
Academic Self-Regulation Profiles and Their Associated Procrastination: Autonomous
Functioning Requires Self-Regulated Operations. Frontiers in Psychology, 11, 1-15.
https://doi.org/10.3389/fpsyg.2020.00354

Van de Mortel, T. (2008). Faking it: Social desirability response bias in self-report research.
Australian Journal of Advanced Nursing, 25(4), 40-48.

Van der Beek, S., Bellhduser, H., & Hertel, S. (2021). Do Minimal Interventions Increase
Participation Rates in Voluntary Online Training at High School? Psychology

Learning & Teaching, 20(3), 348-363. https://doi.org/10.1177/1475725720965002



122

Van Griethuijsen, R. A. L. F., van Eijck, M. W., Haste, H., den Brok, P. J., Skinner, N. C.,
Mansour, N., Savran Gencer, A., & BouJaoude, S. (2015). Global Patterns in
Students’ Views of Science and Interest in Science. Research in Science Education,
45(4), 581-603. https://doi.org/10.1007/s11165-014-9438-6

Venkatesh, V., & Bala, H. (2008). Technology Acceptance Model 3 and a Research Agenda
on Interventions. Decision Sciences, 39(2), 273-315. https://doi.org/10.1111/j.1540-
5915.2008.00192.x

Vermunt, J. K., & Magidson, J. (2005). Hierarchical Mixture Models for Nested Data
Structures. In C. Weihs & W. Gaul (Eds.), Classification—The Ubiquitous Challenge
(pp. 240-247). Springer. https://doi.org/10.1007/3-540-28084-7_26

Viberg, O., Khalil, M., & Baars, M. (2020). Self-regulated learning and learning analytics in
online learning environments: A review of empirical research. Proceedings of the
Tenth International Conference on Learning Analytics & Knowledge, 524-533.
https://doi.org/10.1145/3375462.3375483

Voogt, J., & Roblin, N. P. (2012). A comparative analysis of international frameworks for 21
st century competences: Implications for national curriculum policies. Journal of
Curriculum Studies, 44(3), 299-321. https://doi.org/10.1080/00220272.2012.668938

Vosniadou, S., Darmawan, I., Lawson, M. J., Van Deur, P., Jeffries, D., & Wyra, M. (2021).
Beliefs about the self-regulation of learning predict cognitive and metacognitive
strategies and academic performance in pre-service teachers. Metacognition and
Learning, 16(3), 523-554. https://doi.org/10.1007/s11409-020-09258-0

Watts, L. (2016). Synchronous and asynchronous communication in distance learning.

Quarterly Review of Distance Education, 17(1), 23-32.



123

Wirth, J., & Leutner, D. (2008). Self-Regulated Learning as a Competence. Zeitschrift Fur
Psychologie / Journal of Psychology, 216(2), 102-110. https://doi.org/10.1027/0044-
3409.216.2.102

Wong, D. (2007). A Critical Literature Review on e-Learning Limitations. Journal for the
Advancement of Science and Arts, 2(1), 55-62.

Wong, G. K. W. (2015). Understanding technology acceptance in pre-service teachers of
primary mathematics in Hong Kong. Australasian Journal of Educational Technology,
31(6), 713-735. https://doi.org/10.14742/ajet.1890

Wong, R. (2023). When no one can go to school: Does online learning meet students’ basic
learning needs? Interactive Learning Environments, 31(1), 434-450.
https://doi.org/10.1080/10494820.2020.1789672

Wouters, P., van Nimwegen, C., van Oostendorp, H., & van der Spek, E. D. (2013). A meta-
analysis of the cognitive and motivational effects of serious games. Journal of
Educational Psychology, 105(2), 249-265. https://doi.org/10.1037/a0031311

Xu, Z., Zhao, Y., Zhang, B., Liew, J., & Kogut, A. (2023). A meta-analysis of the efficacy of
self-regulated learning interventions on academic achievement in online and blended
environments in K-12 and higher education. Behaviour & Information Technology,
42(16), 2911-2931. https://doi.org/10.1080/0144929X.2022.2151935

Yamada, M., Shimada, A., Okubo, F., Oi, M., Kojima, K., & Ogata, H. (2017). Learning
analytics of the relationships among self-regulated learning, learning behaviors, and
learning performance. Research and Practice in Technology Enhanced Learning,
12(1), 1-17. https://doi.org/10.1186/s41039-017-0053-9

Zeeb, H., Burgermeister, A., Saalbach, H., Renkl, A., & Glogger-Frey, 1. (2024). Effects of a

digital support tool on student teachers’ knowledge about, assessment of, and



124

feedback on self-regulated learning. Unterrichtswissenschaft, 52(1), 93-115.
https://doi.org/10.1007/s42010-023-00184-z

Zheng, J., & Li, S. (2020). What drives students’ intention to use tablet computers: An
extended technology acceptance model. International Journal of Educational
Research, 102, 101612. https://doi.org/10.1016/j.ijer.2020.101612

Zhu, Y., Zhang, J. H., Au, W., & Yates, G. (2020). University students’ online learning
attitudes and continuous intention to undertake online courses: A self-regulated
learning perspective. Educational Technology Research and Development, 68(3),
1485-1519. https://doi.org/10.1007/s11423-020-09753-w

Ziagkas, E., Chaldogeridis, A., Politopoulos, N., Tsiatsos, T., & Barkoukis, V. (2020). A
Serious Game Against Doping: Evaluation of Game Usability, Ease and Users’
Enjoyment. Discobolul — Physical Education, Sport and Kinetotherapy Journal, 59,
496-506. https://doi.org/10.35189/dpeskj.2020.59.s.2

Zimmerman, B. J. (2000). Attaining self-regulation: A social cognitive perspective. In M.
Boekaerts, P. R. Pintrich, & M. Zeidner (Eds.), Handbook of self-regulation (pp. 749—
768). Academic press.

Zimmerman, B. J. (2002). Becoming a Self-Regulated Learner: An Overview. Theory Into
Practice, 41(2), 64—70. https://doi.org/10.1207/s15430421tip4102_2

Zimmerman, B. J. (2008). Investigating Self-Regulation and Motivation: Historical
Background, Methodological Developments, and Future Prospects. American
Educational Research Journal, 45(1), 166-183.
https://doi.org/10.3102/0002831207312909

Zimmerman, B. J. (2011). Motivational sources and outcomes of self-regulated learning and
performance. In B. J. Zimmerman & D. H. Schunk (Eds.), Handbook of self-

regulation of learning and performance (pp. 39-64). Routledge.



125

Zimmerman, B. J., & Schunk, D. H. (2011). Self-regulation of Learning and Performance.
Taylor and Francis.

Zohar, A., & Ben-Ari, G. (2022). Teachers’ knowledge and professional development for
metacognitive instruction in the context of higher order thinking. Metacognition and

Learning, 17(3), 855-895. https://doi.org/10.1007/s11409-022-09310-1



126

7 Appendix

Study 1:
Barz, N., Benick, M., Dorrenbéacher-Ulrich, L. & Perels, F. (2024). Students’ Acceptance of

E-learning: Extending the Technology Acceptance Model with Self-regulated
Learning and Affinity for Technology. Discover Education, 3(114).

https://doi.org/10.1007/s44217-024-00195-7.

Study I1:
Barz, N., Benick, M., Dorrenbécher-Ulrich, L. & Perels, F. (2024). Fostering Self-regulated

Learning in Pre-service Teachers Using Synchronous or Asynchronous Digital
Learning Environments: A Latent Profile Analysis of Pre-Service Teachers’ Individual
Differences. Frontiers in Education, 9:1445182.

https://doi.org/10.3389/feduc.2024.1445182

Study 111:
Barz, N., Benick, M., Dorrenbacher-Ulrich, L. & Perels, F. (2024). The Evaluation of an

Educational Game to Promote Pre-Service Teachers’ Self-Regulated Learning.

Entertainment Computing, 52, 100836. https://doi.org/10.1016/j.entcom.2024.100836

Study 1V:
Barz, N., Benick, M., Dérrenb&cher-Ulrich, L. & Perels, F. (2023). The Effect of Digital

Game-Based Learning Interventions on Cognitive, Metacognitive, and Affective-
Motivational Learning Outcomes in School: A Meta-Analysis. Review of Educational

Research, 94(2), 193-227. https://doi.org/10.3102/00346543231167795



