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Abstract: Digital teaching interventions allow for tailor-made university teaching. This is especially
relevant for teacher education, where applicable professional teaching knowledge needs to be pro-
moted for later professional success. Digital teaching tools have been shown to be a promising
supplement for this purpose. Even though the corresponding demands in teacher education have
been increasing in recent years, the need to develop digital learning tools usable in instruction is still
urgent. The TWIND project develops digital learning tools for teacher education and evaluates them
in a quasi-experimental design. The present work investigates the usability and application of these
newly developed tools. Sixty-three trainee teachers worked independently over four weeks with
one of two digital learning tools, focusing on either ‘Multilingualism in Classrooms’ or ‘Professional
Communication in Classrooms.’ This study includes a pre-post-test of pedagogical knowledge facets
as well as student and instructor ratings on the digital tools. The digital learning tools led to a positive
change in the respective target facets of pedagogical knowledge. The student and instructor feedback
reflected positively on the usability and usefulness of the new digital tools. Based on these findings,
the limitations of the study as well as implications for further research and teacher education practice
have been outlined.

Keywords: teacher education; higher education; digital teaching; digital learning tool; pedagogical
knowledge; action-related professional knowledge

1. Relevance

Due to efforts on digitalization in teaching and learning in recent years, studying
has become more and more location- and time-independent, individually tailored, and
multimodal [1]. Today’s students routinely work with flexible learning opportunities,
which can be used regardless of time and place [2,3]. To address individual learning
needs in university practice and the respective high heterogeneity of student bodies,
a more precise tailoring of teaching practices is becoming essential [4,5]. This leads
to a growing demand for effective, high-quality digital teaching-and-learning tools
that include different media to enable higher levels and rates of student success in
higher education [6–8]. Corresponding efforts have not only become necessary due
to the higher demand of flexibility among students in regard to lowering attendance
requirements but recently also acute in the context of the pandemic, where an immediate
transition to digital teaching and learning was imperative [9]. The demand for digital
teaching-and-learning tools in university teaching has increased exponentially in recent
years [9], and the immense growth of digital teaching at universities was accelerated
by the pandemic [10,11]. These digital tools are often designed to complement or
replace face-to-face teaching and mostly depend on students’ self-directed learning
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activities [12,13]. Whereas high-quality digital learning opportunities play a central
role in educational practice [1], their development and implementation represent a
challenge for university teachers [14].

Digital teaching-and-learning material is particularly relevant in teacher education,
since universities are not only responsible for imparting knowledge to students but also for
fostering action-related (i.e., applicable) knowledge that enable students to successfully
teach in the classroom [15]. Newly graduated teachers entering the profession face enor-
mous challenges regarding the complex demands of their daily pedagogical work [16,17].
Career starters in particular often have difficulties in applying the knowledge acquired
in their study programs to solve practical problems and to transfer their knowledge into
situational action in the classroom [18,19]. The situation-specificity and immediacy of teach-
ing require teachers to not only develop professional theoretical (e.g., content) knowledge
(CK) but also applicable pedagogical knowledge (PK) [20]. Systematically and effectively
promoting knowledge that is relevant to teaching in practice can prepare students early on
for teaching demands in classrooms [21]. Therefore, teaching-and-learning tools in teacher
education should enable students to reflect on the complexity of teaching and to develop
applicable professional knowledge.

To meet the requirements for classroom teaching and to provide high-quality digital
learning tools in teacher education, the project TWIND (‘Technology and Economics: Inte-
grated Didactics’), funded by the Federal Ministry of Education and Research, focuses on
the development and evaluation of new digital teaching-and-learning tools. The overar-
ching goal is to improve teacher education through effective preparation for professional
work with digital teaching-and-learning tools that promote the applicable PK of prospective
teachers. These tools also focus on applicable PK in particular as a crucial disposition of
trainee teachers for their prospective professional performance, and they can be integrated
into training independently of the specific domain (such as German and economics).

Currently, the trend toward digitization is leading to a broad mass of digital interven-
tions in higher teacher education [22,23]. However, the extent to which these actually result
in a change in knowledge, such as applicable PK in the teacher education context, has barely
been investigated so far. Systematic evaluations are therefore required to investigate the
extent to which the digital learning tools can influence applicable PK in teacher training [24].
This paper addresses the evaluation of newly developed digital teaching-and-learning tools
in university teaching to promote facets of applicable PK in prospective teachers. The study
presented here demonstrates how the newly developed digital learning tools can be used in
teacher training practice. This study examined the application and usability of two newly
developed tools among trainee teachers of economics education and German education in
a quasi-experimental pre–post design with intervention and comparison groups. To this
end, we focused on two overarching objectives:

(I) To investigate the effects of the digital teaching-and-learning tools on applicable PK
among trainee teachers in a pre-post-test;

(II) To investigate the subjective ratings of the digital teaching-and-learning tools reported
by students and instructors.

The evaluation of the new teaching-and-learning tools takes stock of the impact of the
digital tools on regular teacher education practice.

2. Applicable Pedagogical Knowledge

Professional teaching competence represents the ability of an individual to behave
in an appropriate, thoughtful, and individually and socially responsible manner in social,
professional and private situations [25,26] according to Weinert [27]. It is viewed as a
multifaceted construct with several components, including facets of knowledge and be-
liefs [28,29]. Blömeke and colleagues [30] describe teaching competence as a continuum,
where (situation-specific) skills represent the link between dispositions such as professional
knowledge and teacher beliefs and actual professional behavior (e.g., manifested action in a
classroom). In addition, a number of affective and motivational dispositions are important
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for developing and using professional skills [30,31]. In summary, the extended model in
ref. [30] indicates that:

(1) There are different types of teacher knowledge such as content knowledge (CK), peda-
gogical content knowledge (PCK), pedagogical knowledge (PK; [32]), and knowledge
of media didactics (TPACK; [33]).

(2) These dispositions may determine the level of situation-specific skills [2,4]. In
this context, PK can be considered as the basis (besides CK) for developing PCK
as well as TPACK. Thereby, PK can be seen as the knowledge of processes, prac-
tices, and methods of learning and teaching [32–34]. According to Koehler and
Mishra ([33], p. 64), “this generic form of knowledge applies to understanding how
students learn, general classroom management skills, lesson planning, and student
assessment.” This goes in line with the assumption by Voss and colleagues ([35], p. 953),
who define general PK as “the knowledge needed to create and optimize teaching-
learning situations”.

(3) Furthermore, situation-specific skills can be differentiated according to the two major
professional demands in teaching practice, which build on the professional knowl-
edge base CK, PK, PCK and TPACK, action-related skills (AS) in the classroom, and
reflection skills (RS) before and after teaching in a class (see Figure 1).
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augmented by PK.

The concept of PK is closely associated with applicable knowledge that enables teach-
ing demands to be met [37–39]. Thereby, it refers to adjusting instructional designs to
the learners’ prerequisites [40]. More specifically, applicable PK can be understood as
a teacher’s ability to adapt the planning and implementation of instruction to the indi-
vidual prerequisites and abilities of the learners in such a way that the most favorable
conditions for individual learning are created and maintained during learning [41]. For
instance, applicable PK includes knowledge about teaching methods, classroom manage-
ment, self-regulated learning, conflict management, and communication in classrooms,
as well as language comprehension and language education against the background of
learners’ heterogeneity in terms of language skills [37–40,42]. Therefore, applicable PK
is comprehensively relevant across disciplines and domains [43] and represents one of
the central facets of professional teaching competence. As classrooms in schools become
more diverse, professional development in applicable PK is becoming more and more
important, but it is proving to be challenging [44]. This requires effective new methods to
start promoting applicable PK early in university teacher education.
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3. Promoting Applicable Pedagogical Knowledge in Teacher Education—Current
Developments and Instructional Designs
3.1. Current Challenges for Instructional Designs

Teaching skills are contextualized by the characteristics of the teaching-and-learning
processes and—in view of promoting applicable PK—require the development of knowl-
edge that not only meets the challenges of teacher education but is also transferable to
real professional practice. Prospective teachers need to be prepared for the demands of
the contextualized application of knowledge in complex and varied teaching situations.
This preparation should ideally take place at an early stage in teacher education and
can be achieved through an active and problem-oriented examination of the demands
of teaching [6,45–47].

Despite this demand, current teacher education at universities often does not incor-
porate sufficient practical elements and thus does not provide training that is close to
everyday professional life [48,49]. As a consequence, (prospective) teachers are often not
able to apply their professional knowledge in practical teaching. This stresses the frequently
formulated need for linking theory and practice in higher education [50,51] and underlines
the relevance of imparting applicable PK in teacher education [18,19,52,53]. Therefore,
to adequately prepare prospective teachers for their later professional life, instructional
designs that enable the effective promotion of applicable PK are needed.

One approach to developing connections between prospective teachers’ knowledge
and professional behavior is constructing a learning situation (in the case of active learning)
as a situation for action, including its specific context (e.g., in a simulated authentic teaching
situation; [53]), focusing on teaching–learning arrangements [54]. This requires designing
university courses in such a way that they approximate the actual situational requirements
of realistic future teaching-and-learning situations.

In view of the changing teaching environment and corresponding challenges, concepts
such as lifelong learning, action-relation, self-regulation, and the associated strong learner-
centeredness have gained importance in education and training [55]. To address such
challenges, adaptive learning systems, such as the concept of problem-based learning, are
often proposed as effective approaches characterized by an open learning environment, thus
allowing students a high degree of self-direction [56,57]. Integrating problem-based learn-
ing into teacher training is considered an effective way to acquire appropriate applicable
PK for future teaching practice [58]. Therefore, instructional designs are often problem-
centered [59]. In addition, other approaches such as the example-based approach are also
useful [46], particularly in the early stages of knowledge development (see also [60,61]; for
the situated cognition approach, see [62]).

The application of PK can be achieved through the use of digital multimedia teaching–
learning tools during teacher education [63,64]. The realistic instructional scenarios pre-
sented in video vignettes showing typical classroom situations often meet the criteria of
a problem-based learning situation and are therefore considered a promising medium
for promoting applicable knowledge [65]. Particularly in the context of the COVID-19
pandemic and the resulting current restrictions on classroom teaching at universities, such
video-based approaches are increasingly being integrated into digital learning opportu-
nities as part of e-learning [66]. For instance, tasks using video vignettes with typical
situations in (commercial) teaching to promote applicable PK have already been adapted
for use at universities on a site-specific basis [67].

To meet the requirements of self-regulated learning, however, isolated video vignettes
are not sufficient, but rather must be appropriately embedded in a learning framework. For
instance, Gaudin and Chalies [68] point out the need to vary different design aspects of
working with videos in online teaching (e.g., video material, forms of exchange and feed-
back) in intervention studies [68]. The selection of a suitable instructional design is therefore
an important educational decision when developing digital teaching–learning tools. Uni-
versity teacher education is still often oriented towards traditional and teacher-centered
learning models, even when it comes to digital learning [11]. A serious shortcoming in the
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design of digital teaching–learning materials is the choice of a learning model that does not
consider the diversity of students and does not allow learner-centered learning [69]. By
focusing on applicable PK, formats that consider the practical teaching problem motivate
the students and initiate the learning process. Despite the importance of problem-centered
and self-regulated learning through the use of digital tools, corresponding developments
in teacher education and training are still lacking [70].

3.2. Design of the New Digital Tools

In the TWIND project, digital learning tools have been developed based on preliminary
research as new teaching–learning tools to promote teachers’ applicable PK for daily
professional practice [71]. The need for new development arises from the goal of developing
tools that promote applicable knowledge as well as from the deficit of corresponding
materials on overarching pedagogical topics. Brückner and colleagues [71] described the
conceptualization of the digital learning tools in detail [71]. In summary, the modular
structure of the digital tools follows the instructional design approach of the ‘pebble-in-
the-pond’ model [59], which allows for the learner-centered and self-regulated use of these
tools by students and (prospective) teachers. They can flexibly work through the individual
components of the tools according to their individual needs to achieve the intended learning
goals. To promote individual facets of knowledge, including PK, individual tools that
incorporate various multimedia and modal learning media as micro-educational elaborated
teaching–learning situations can be “tied together” [71]. Continuous monitoring of the
learning process is made possible via audio moderation and guidance throughout, taking
into account (in the case of self-regulated learning) the possible absence of a moderating,
interactive, impulse-giving instructor (for more information on structure and modules of
the new tools, see [71]).

Based on this model, both video-based and text-based instructional tasks were devel-
oped and embedded in digital tools to create constructive and educational coordinated
teaching–learning units of 20–30 min each. The digital tools, as multimedia teaching-
learning units, include a description of the learning context and objectives, accompanying
learning texts, audio-visual media, tasks, and PK descriptions, as well as reflection and
control elements. To make the teaching–learning unit effective and to integrate it into an
adequate learning situation, it contains complex learning tasks to promote applicable PK
(for details, see [71]).

4. Topics of the New Digital Teaching-and-Learning Tools and Their Application in
Teacher Education
4.1. Focal Topics

This paper focuses on two new digital learning tools developed in TWIND, intended
for use in teacher education at university level, each of which addresses one facet of appli-
cable PK. Since PK includes knowledge about communication in classrooms that enables
flexible reactions to classroom situations as well as knowledge that sensitizes (prospec-
tive) teachers to the specific learning requirements of a heterogeneous student group (e.g.,
sensitivity to multilingualism in classrooms [35,72]), one tool focuses on ‘Professional
Communication in Classrooms’ and the other on ‘Multilingualism in Classrooms’.

4.1.1. Digital Tool: ‘Professional Communication in Classrooms‘

‘Professional Communication in Classrooms’ can be seen as a facet of cross-domain
applicable PK [32,72], which is embedded, firstly, in regulative communication contexts
where communication is used to influence or shape student behavior. Secondly, it is
embedded in interpersonal conversational contexts where teachers use communication
to mediate situational subjective feelings and negotiate conflicts [37]. Teachers who use
their knowledge for professional communication in classrooms may, e.g., demonstrate
more personal, situationally adapted communication with students in regulative and
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interpersonal contexts. They use communicative strategies not only in response to their
students’ behavior but also in individual teacher–student relationships [37].

‘Professional Communication in Classrooms’ is of particular importance for (prospec-
tive) teachers since a key challenge of this profession lies in their instructional behavior
and whether they are successful in achieving student learning outcomes within a given
instructional setting (e.g., materials, objectives, procedures; see [73]). Teachers who are
able to professionally implement ‘Professional Communication in Classrooms’ using their
applicable PK are expected to offer better instruction and increase the learning outcomes of
their students [73,74].

‘Professional Communication in Classrooms’ as a part of conversation management is
characterized by varying degrees of teacher direction [75,76]. Professional communication
in classrooms stands for all situations involving classroom talk or communication between
the teacher and learners or between all learners on a specific topic [74]. From this, the quali-
tative characteristics of good classroom communication can be empirically extracted, and
(minimum) standards can be formulated. For instance, a class discussion should proceed in
a structured way (structure), be educationally justified (coherence), be worthwhile for the
learners (yield), be discursive in nature (discursivity), and the learners should feel valued in
the process (learning atmosphere), which is also reflected in the (minimum) standards [75].

Teachers can professionalize their ‘Professional Communication in Classrooms’
through theoretical knowledge (e.g., knowledge of communication rules and princi-
ples), case knowledge (e.g., knowledge related to their own experiences), and action
knowledge (e.g., knowledge of situational options for action; see [75]). According to
Richards [75], flexible, non-conclusive knowledge of available action points (theoret-
ically substantiated and practiced based on case scenarios) is required to be able to
deal with surprises professionally in the flow of a conversation. In addition to the
(minimum) standards of classroom communication, there are also proven strategies
for improving communication, such as listening, opening up, giving time, revisiting
contributions, etc. [75]. Due to the complexity of converting learned content into practice,
applicable PK on the facet ‘Professional Communication in Classrooms’ may not often
be applied in realistic instruction [18,19]. This stresses the need for the development
of corresponding learning tools. Usually, prospective teachers eventually learn how
to conduct successful communication in classrooms through guided training, which
is theoretically substantiated and practiced on a case-by-case basis [75]. However, the
promotion of corresponding applicable PK has so far hardly been explicitly integrated in
the context of teacher education at the university level.

Based on the conceptional–theoretical considerations, the digital learning tool ‘Profes-
sional Communication in Classrooms’ is structured in four sections (see Figure 2) and aims
at the promotion of respective PK. The first section provides a problem-based introduction
to the relevance of the topic and, using explanatory videos, deals with the topics ‘communi-
cation forms of teaching,’ ‘strategies for successfully conducting classroom communication,’
and ‘communication rules.’ In addition, learners have the opportunity to engage in self-
study with additional, more detailed literature on professional communication. The goal of
this section is to build a PK knowledge base that serves as a foundation for working through
the other sections of the digital multimedia teaching-and-learning tool. The following three
sections contain a progressive task structure to systematically build applicable PK. This is
followed in the next section by the processing of closed assessment tasks (rating on a Likert
scale) based on complex teaching situations. Finally, open-ended questions based on audio
recordings of teaching situations are used for reflection and knowledge transfer.

4.1.2. Digital Tool: ‘Multilingualism in Classrooms’

‘Multilingualism in Classrooms’ can also be seen as a facet of cross-domain applicable
PK and is related to teachers’ knowledge of professional communication and sensitivity
to students’ linguistic abilities. School students are showing an increasing heterogeneity
in terms of German language skills, educational proximity, and working techniques [77].
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For (prospective) teachers, this poses a particular challenge. The promotion of language
skills is one of the everyday tasks of a teacher and should be implemented as a consistent
teaching principle in all subjects, learning areas, and learning fields [25].
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However, this so-called everyday task is anything but trivial, and, therefore, teachers
need special facets of PK for it; the promotion of educational language skills can only
be successful if the teacher knows which language skills the students already have and
which language requirements the planned lesson, and the materials used in it, contain.
On this basis, the teacher can design an adequate lesson plan in line with the scaffold
approach [78,79], which means subject and language learning go hand in hand [75]. To
meet these challenges, teachers need basic linguistic knowledge, i.e., knowledge about
language and its linguistic levels (e.g., [80,81]). Furthermore, a reflection on what the
acquisition of a second language means for a learner is needed, especially in light of the
fact that the learner has to follow the lessons and complete all tasks in this second language.
Therefore, it is necessary for a teacher to be aware of the differentiation between acquiring
a first and second language [80,81]. Against this background, a teacher should be aware
of the consequences of their own teaching actions. On this basis, skills in the areas of
diagnostics and support can be built up.

Teachers of different subjects, especially those without a focus on German education,
are not very sensitized to language-sensitive lesson design and mostly do not consider
the promotion of students’ language skills as their teaching task [82]. Consequently,
sensitivity to students’ individual linguistic heterogeneity and their corresponding
language knowledge is related to applicable PK [83]. Therefore, corresponding learning
offers are necessary in teacher education and training. These offers should address all
(prospective) teachers since the promotion of language skills cannot be considered a task
of German teachers alone.

The digital learning tool ‘Multilingualism in Classrooms’ consists of four sections and
has two objectives: (1) extending the knowledge of language, language acquisition, and
multilingualism and (2) raising awareness for how to act professionally in the context of
language diagnostics. The sections contain different types of inputs (explanatory video,
audio clip, short presentation, interview, text) to activate the learners’ most diverse and
deep cognitive processes. In addition, each input presentation is complemented by an
optional additional task, e.g., focusing on self-reflection (see Figure 3).
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4.2. Application and Evaluation of the New Tools in a Quasi-Experimental Study

The development of new digital teaching-and-learning tools to complement the ex-
isting teacher education curriculum progressed as described above. Although the design
of the tools was guided by current research, the question arose as to what extent changes
in the targeted applicable PK facets could be measured as a result of learning with
these tools. In research on the evaluation of the application and impact of instructional
interventions, the general question was posed as to how an intervention (here, the new
tools) affects learners (here, prospective teachers) and targeted constructs (here, facets
of applicable PK on professional communication in classrooms and multilingualism in
classrooms, respectively).

Learning success in an instructional intervention can be defined as an increase in the
targeted knowledge facets (e.g., [84,85]). Consequently, we implemented the two digital
teaching-and-learning tools described above in a quasi-experimental field study in a pre–
post design with intervention and comparison groups in higher teacher education. Guided
by the overarching objectives (see Section 1) and based on the conceptual and methodolog-
ical framework presented below, we focused on the following research questions (RQ 1)
and hypotheses (H1):

RQ 1: How does the use of newly developed digital teaching-and-learning tools change the facets of
the applicable PK of trainee teachers in a pre–post comparison?

H1: A significant positive development of the respective applicable PK facet can be observed between
t1 and t2 in the intervention groups compared to the comparison groups.

In the context of evaluation, the results of learning in terms of both the effectiveness
of the new digital formats for learning success and the usefulness of the tool’s content
and format are important [86]. For instance, the intended learning processes might be
triggered in a targeted way only if an intervention is prepared in a way that is appropriate
for the target group [87]. To facilitate the transfer of newly developed tools into the regular
practice of teacher training in higher education, therefore, not only do the effects on the
targeted applicable PK facets need to be considered but also how the digital teaching-and-
learning tools are perceived by students and instructors in terms of their usefulness and
applicability. This resulted in three further evaluation questions (RQ 2, RQ 3, RQ 4) in the
present quasi-experimental study.
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RQ 2: How do students use the new digital teaching-and-learning tools and how does this usage
behavior influence their change in applicable PK facets in a pre–post comparison?

RQ 3: How do students rate digital teaching-and-learning tools in terms of their usability and
usefulness and are these ratings connected to their change in applicable PK facets?

RQ 4: How do instructors rate digital teaching-and-learning tools in terms of their usability
and usefulness?

5. Methods
5.1. Study Design

The study was conducted within the project TWIND [70] in the subprojects of German
Teacher Education and Economics Teacher Education at a German university (for the project
description, see [71]). In this study, both teaching-and-learning tools aimed to promote
applicable PK in a specific area (see Section 4.1). To gain insights into the applicability and
usability of the newly developed tools, they were implemented in two regular courses at
one German university in the summer term of 2021, with a total of 63 students attending
these courses. In each of the courses at this university, one of the newly developed digital
tools was included and used as an ‘intervention’ in these courses (see Figure 4). In this
study design, each group represented an ‘intervention’ group for one of the two newly
developed tools, respectively. Two groups of students were necessary due to the objective
of the study to investigate the two newly developed tools—the intervention would have
been too extensive to use both tools in one course. Students were not randomly assigned to
courses, resulting in a quasi-experimental design with two intervention groups.
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Group B (C) = group with intervention regarding professional communication. PK = pedagogical
knowledge. LMS = learning management system.

The decision to have two intervention groups that also served as a ‘comparison’ group
for the respective tool, rather than a typical ‘control-only’ group, was based on ethical
considerations. The classical control group design would not be appropriate for a field
study in teacher education because the ‘control group’ would not benefit from any newly
developed learning tools and therefore would be disadvantaged compared to participating
students in intervention groups. Thanks to the integration of the learning tools into ongoing
courses, the intervention did not create any additional work for the students alongside to
their regular studies. Common guidelines for the ethical conduct of research studies were
considered in the study implementation. Participants were informed transparently about
participation, the aim of the study, and the purposes for which the data would be used. No
sensitive personal data were collected. No participants were confronted with any harmful
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threats or information. Data collection and storage was anonymized. The participants
agreed to participate after being informed in detail. There were no disadvantages for
students who did not participate in the online surveys.

Each tool was implemented in a synchronic online course over four weeks. The stu-
dents’ work with the digital tools was not actively supervised by the course instructor,
leading to a mostly self-regulated learning intervention. Since the respective tools were
included as part of the course, students were not given an external incentive to engage with
it. Every course participant was only given access to one of the two tools. The group for
the intervention tool ‘Multilingualism in Classrooms’ (group A (M (for multilingualism)))
consisted of economics education students. The group for the intervention tool ‘Profes-
sional Communication in Classrooms’ (Group B (C (for communication))) consisted of two
subgroups of pre-service German teachers (see Figure 4). Since these two groups were
pursuing two different degrees at two different faculties, interaction between them was
very unlikely, and they could thus be seen as independent samples.

Before (t1) and after (t2) the intervention, students participated in an online pre- and
post-survey. These surveys included test items on applicable PK facets as well as feedback
on the usage and evaluation of the tool’s usefulness (for more details, see Section 5.2). In the
courses, test items were designed for an evaluation at the end of the term, and these exam
questions were used for a pre–post-evaluation in this study. To detect potential changes in
the students’ applicable PK facets, the test items were specifically aligned with the contents
of the intervention tool.

To make valid statements about the effects of the tools, groups that did not receive
the intervention were required for comparison. For this purpose, all students in the
intervention groups were additionally examined using the pre- and post-tests regarding
the applicable PK facet promoted in the respective other group. Therefore, German teacher
education students were also examined with regard to PK on multilingualism in classrooms,
and economics teacher education students were also examined with regard to PK on
professional communication in classrooms. Participation in the surveys was voluntary and
not mandatory. However, the use of the learning tools was integrated as part of the regular
university course and therefore mandatory. Students were asked to take part in the surveys
during their courses and received specific incentives for their participation. Links to the
online surveys were made available to students through the learning management system
used in the course. After the intervention was completed, instructors were also asked via
an invitation email to provide feedback on the usability of the tools.

5.2. Instruments

Data were collected online using SoSci Survey [88]. The surveys were conducted
in German, with items translated into English for this paper. In addition to testing for
the applicable PK facets (see Sections 5.2.1 and 5.2.2) at both measurement points, socio-
biographical (e.g., gender, age, migration background) and study-related (e.g., UEQ grade,
study phase) data were also surveyed at t1. At t2, information on usage behavior, as well as
detailed feedback on the digital learning tools, was collected. Student rating was obtained
in terms of (a) usage behavior during the intervention (three items: frequency, duration,
and learning form) and (b) evaluation of the digital tools (fifteen items on an agreement
scale regarding different aspects, e.g., overall evaluation of the tool, motivational aspects as
well as its workability, and the individual impact of the tool rated by students). Feedback
from the instructors was obtained after the intervention in an open format while all other
data were collected in closed format.

5.2.1. Instrument on Professional Communication in Classrooms

The newly developed tool is described in detail in Section 4.1.1. The respective
applicable PK facets regarding professional communication in classrooms were assessed
online using a self-developed standardized test containing eight single- and multiple-
choice items written in German, which covered applicable knowledge aspects in exem-
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plary teaching situations (for an example item, see Figure 5). Self-development was
necessary due to a lack of established measurement instruments regarding the specific
PK facets. A pilot phase of the newly developed instruments preceded the deployment
for this study. No partial points were assigned, i.e., only completely correct responses
were scored with one point per item resulting in a sum score ranging from 0 to 8. The
theoretical assumption of a global underlying factor for the applicable PK facet ‘Profes-
sional Communication in Classrooms’ was confirmed in a CFA, with fit indices for a
one-dimensional model in a satisfactory range (i.e., for t1: SRMR = 0.056; RMSEA = 0.028;
CFI = 0.869; TLI = 0.816). The fit values did not correspond to the commonly known
optimal values. At the same time, the fit values should be evaluated in light of the rela-
tively small sample (match sample: n = 63) as suggested in the literature (e.g., [89,90]).
Theoretically and conceptually, both constructs are multifaceted, broad constructs with
possible specifics, e.g., depending on the study domain. In this regard, the heterogeneity
of the sample should also be considered, especially with regard to the affiliation with
the particular study domain in teacher education.
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to English.

5.2.2. Instrument on Multilingualism in Classrooms

The digital learning tool ‘Multilingualism in Classrooms’ is intended to provide
basic knowledge about language, language acquisition, and multilingualism, and it
serves as an important disposition for corresponding teaching actions in practice (see the
description in Section 4.1.2 for details on the tool). The respective multilingualism-related
PK facets were assessed as part of the online survey, again using self-developed test
items, as no validated instrument on this specific topic could be found. The applicable
multilingualism-related PK facets test consisted of 13 single-choice items written in
German. Again, only correct responses were considered, resulting in a sum score ranging
from 0–13. In a CFA, the theoretically expected one-dimensional internal structure was
confirmed (e.g., for t1: SRMR = 0.068; RMSEA = 0.040; CFI = 0.848; TLI = 0.817). For both
applicable PK facets, the same items were used in t2 as in t1.

5.3. Sample Description

A total of 94 students were surveyed at t1: 21 students in group A (M) and 73 students
in group B (C). At t2, 63 students were reached in total, of which 16 were from group A (M)
and 47 from group B (C). A self-generated pseudonymous code was used to combine the
two datasets via Stata [91]. Thus, a matched pre–post sample of 63 persons were identified
(16 in group A, 47 in group B), whereas the other participants took part only in t1. A
description of the matched sample can be seen in Table 1.
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Table 1. Descriptive statistics: complete sample and divided into subgroups.

Variable Complete Sample
n = 63

Group A (M)
na = 16

Group B (C)
nb = 47

Differences between
the Groups *

Gender, male, n/N (%) 11/63 (17.46%) 7/16 (43.75%) 4/47 (8.51%) 0.001
Age, M ± SD 23.98 (±4.039) 25.00 (±3.033) 23.63 (±4.307) 0.246
UEQ grade, M ± SD 2.36 (±0.624) 2.18 (±0.529) 2.43 (±0.647) 0.179
Study phase, masters’
program, n/N (%) 32/63 (50.79%) 16/16 (100%) 16/47 (34.04%) <0.001

Note: UEQ = university entrance qualification. * Depending on the scale level, a t-test or a χ2-test was used for
significance testing. Bold and italicized significance levels indicate significance at the 5% level.

5.4. Statistical Procedure

The examination of the change in the applicable PK facets (RQ 1) was performed
with comparisons of means (t-tests with scores in t1 and t2). In addition to descriptive
statistics on usage behavior (RQ 2), regression analyses were also performed with usage
behavior variables as independent variables. This was performed solely in group B (C) due
to the low sample size and variance in group A (M). Since this did not reflect a nested data
structure, no multilevel model was considered. The respective difference score was used
as the dependent variable, which was calculated by subtracting the test items’ sum score
at t1 from the sum score at t2. If the difference score was positive, the sum score at t2 was
higher than at t1. With regard to student evaluations (RQ 3), descriptive statistics as well as
regression analyses on the difference score were performed. Participant responses to the
open feedback questions are provided, and instructor feedback (RQ 4) is presented here in
excerpts. A manipulation check was also performed by investigating questions RQ 2 to
RQ 4, i.e., checking the extent to which the tools were used. The statistical analyses were
performed using Stata version IC16 V5 [91]. The qualitative data collected in open format
regarding feedback from students and instructors were merely analyzed at a descriptive
level for this study. That is, the information on the potential for improvement of the
tools, for example, was screened, and multiple identical responses were deleted to avoid
repetition. Information on open-ended responses from students in Section 6 was reported
with an anonymous proband code in parentheses that replaced a case number. Feedback
from the two instructors was provided with a case number.

6. Results
6.1. Changes in PK Facets (RQ 1)

To examine the changes in the applicable PK facets, mean values and standard
deviations were calculated (see Table 2). A significant positive development of the
respective target applicable PK facets between t1 and t2 were identified in both groups
(H1; group A [L]: t[15] = −3.552, p = 0.003, d = 0.764; group B [C]: t[42] = −2.675,
p = 0.011, d = 0.409), and no significant change was observed in the respective comparison
groups (group A (M): t(14) = −0.924, p = 0.371, d = 0.253; group B (C): t(43) = −1.544,
p = 0.130, d = 0.214).

Table 2. Descriptive statistics regarding scores at t1 and t2 (matched data).

Content Measurement Point
Group Affiliation Differences between

Groups, pGroup A (M) Group B (C)

Score PK on conversation, M ± SD t1 3.67 (± 1.291) 3.05 (± 1.290) 0.191
t2 4.00 (± 1.464) 3.65 (± 1.325) 0.396

Differences between time points, p p 0.371 0.011

Score PK on multilingualism, M ± SD t1 6.38 (± 2.705) 9.20 (± 1.651) <0.001
t2 9.19 (± 2.007) 9.59 (± 1.317) 0.369

Differences between time points, p p 0.002 0.130

Note: Bold and italicized significance levels indicate significance at the 5% level.
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Regarding the applicable PK facet in ‘Professional Communication in Classrooms’,
the comparisons of the two groups within the measurement points showed no significant
differences (p > 0.05, see Table 2). For the language knowledge scores, a significant knowl-
edge difference between group A (M) and group B (C) (p < 0.001) was found at t1 but
not at t2 (p = 0.941, see Table 2). This finding should be considered in light of the sample
compositions, in which group B (C) consisted of students of German teacher education,
and prior knowledge in the area of multilingualism could be assumed.

6.2. Usage Behavior and Its Influence on Changes in PK (RQ 2)

During the 4-week intervention, most of the students used the digital tools up to
once a week. In terms of the duration of use, the students were distributed fairly evenly
between up to and more than 90 min. All but one of the students used the digital tools
alone (see Table 3).

Table 3. Descriptive statistics on usage behavior.

Variables Answer Options
Group A (M) Group B (C)

n/N (%) Difference Score L,
M ± SD n/N (%) Difference Score C,

M ± SD

Frequency
At least several

times a week 0/16 (0.00%) - 12/47 (25.53%) 1.36 ± 1.433

Up to once a week 16/16 (100.00%) 2.81 ± 3.167 35/47 (74.47%) 0.34 ± 1.428

Duration
<90 min 8/16 (50.00%) 1.13 ± 2.748 19/47 (40.43%) 0.61 ± 1.650

>90–120 min 8/16 (50.00%) 4.50 ± 2.726 28/47 (59.57%) 0.60 ± 1.384

Learning form Alone 16/16 (100.00%) 2.81 ± 3.167 45/47 (97.83%) 0.55 ± 1.452
With others 0/16 (0%) - 1/47 (2.17%) 3.00 ± 0.000

Taking a closer look at the frequency of the use and duration of processing in group B (C)
(see Table 4), there was a positive effect of repetition (overall duration: t[41] = −2.042,
d = 0.714). For group A (M), we found no variance in the frequency of use, possibly due to
the small sample size.

Table 4. Results from t-tests on usage behavior with focus on frequency and duration in group B (C).

Variable Groups M ± SD Differences between Groups, p

Comparison of duration groups

Frequency: overall <90 min 0.61 (±1.649)
0.981>90 min 0.60 (±1.384)

Frequency: at least several times a
week

<90 min 2.67 (±1.528)
0.059>90 min 0.88 (±1.126)

Frequency: up to once a week <90 min 0.20 (±1.373)
0.601>90 min 0.47 (±1.505)

Comparison of frequency groups

Duration: overall
At least several times a week 1.36 (±1.433)

0.048Up to once a week 0.34 (±1.428)

Duration: <90 min
At least several times a week 2.67 (±1.528)

0.013Up to once a week 0.20 (±1.373)

Duration: >90 min
At least several times a week 0.88 (±1.126)

0.507Up to once a week 0.47 (±1.505)

Note: Bold and italicized significance levels indicate significance at the 5% level.

Taking a look at the regression analyses focusing on the influence of usage behavior
on the difference score in group B (C), evidence for the positive effects of frequency of
use was found again (see Table 5). Working together with other students also had a
positive effect; however, this finding should be considered with caution in view of the
small number of cases.
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Table 5. Results from regression analyses regarding usage behavior on difference score in group B (C).

F(3, 39) = 2.88, p = 0.048, R2 = 0.181
Usage Behavior ß B SE p

Frequency of use, at least
several times a week 0.349 1.170 0.497 0.024

Duration, >90 min 0.103 −0.306 0.442 0.492
Social form, with others 0.297 2.890 1.430 0.050 *
Constant 1.586 0.529 0.005

Note: * not significant at a 5% α-level. Bold and italicized significance levels indicate significance at the 5% level.

6.3. Usability and Usefulness from the Students’ Perspectives (RQ 3)

Students were also asked for feedback regarding the various facets of the digital tools.
Both closed questions and open-ended questions were used. Overall, the students indicated
medium to higher values in terms of satisfaction and considered the tools to be helpful
for their professional working life and an innovative addition to the existing curriculum
(see Table 6). The contents of the tools were considered relevant and were seen as added
value in the course of their studies. Working with the tools aroused interest and could be
associated with positive affect. Furthermore, the goal of fostering self-regulated learning
could be achieved through clear objectives and intuitive use. At the same time, even though
knowledge was expanded, revisions of the tools may be required to further optimize the
learning success.

Table 6. Descriptives on students’ evaluations.

Group A (M) Group B (C)

Variable Item Answer Options M ± SD M ± SD

Overall evaluation of the tool

Overall satisfaction Overall satisfaction with tool. 1 (fully satisfied) to
5 (not satisfied/deficient) 2.00 ± 0.756 2.48 ± 1.151

Usefulness I found the tool useful for my
(future) work as a teacher. 1 (not at all) to 4 (full agreement) 3.07 ± 0.704 3.23 ± 0.859

Innovative addition The tool is an innovative
addition to the curriculum. 1 (not at all) to 4 (full agreement) 3.20 ± 0.775 2.95 ± 0.914

Relevance of content The contents are highly relevant
for me. 1 (not at all) to 4 (full agreement) 2.87 ± 0.640 3.18 ± 0.691

Recommendation Would you recommend the tool
to other students? 1 (not at all) to 4 (full agreement) 3.13 ± 0.640 3.07 ± 0.950

Added value
Overall, the tool was very well
done and represents an added
value in my studies.

1 (not at all) to 4 (full agreement) 3.13 ± 0.516 3.20 ± 0.851

Motivational facets

Arousing interest The tool aroused my interest
and attention. 1 (not at all) to 4 (full agreement) 2.93 ± 0.704 3.02 ± 0.876

Enjoyable I enjoyed working with the tool. 1 (not at all) to 4 (full agreement) 3.13 ± 0.834 2.73 ± 0.872
Working with the tool

Self-regulated learning The tool enables
self-regulated learning. 1 (not at all) to 4 (full agreement) 3.73 ± 0.458 3.59 ± 0.542

Clarity of goals The goals of the tool became
clear to me. 1 (not at all) to 4 (full agreement) 3.33 ± 0.724 3.36 ± 0.718

Intuitive usage The tool enabled simple
intuitive use. 1 (not at all) to 4 (full agreement) 3.33 ± 0.724 3.39 ± 0.655

Impact of the tool

Concrete actions learned I have learned not only facts but
also concrete actions. 1 (not at all) to 4 (full agreement) 2.53 ± 0.640 3.09 ± 0.802

Expanded knowledge My professional knowledge
was expanded. 1 (not at all) to 4 (full agreement) 3.20 ± 0.561 3.32 ± 0.829

Successful performance I consider my
performance successful. 1 (not at all) to 4 (full agreement) 2.80 ± 0.561 2.89 ± 0.538

Learning progress How would you rate your
learning progress with the tool? 1 (very high) to 5 (very low) 2.67 ± 0.617 2.30 ± 0.765

Note. Green color indicates tendency to positive evaluation (scale split). More saturated color indicates more
positive evaluations.
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These ratings by the tool users were also correlated to the difference score of the
assessed targeted applicable PK facets (see Table 7). The subjectively perceived knowledge
gain and highly rated learning progress were also reflected in the difference score.

Table 7. Results from regression analyses regarding subjective evaluations on difference score in
group B (C).

F(15, 27) = 2.08, p = 0.047, R2 = 0.536
Subjective Evaluations ß B SE p
Overall satisfaction *, not satisfied/deficient −0.445 −0.579 0.320 0.081
Usefulness, fully agree −0.505 −0.870 0.644 0.188
Innovative addition, fully agree −0.048 −0.078 0.503 0.878
Relevance of content, fully agree −0.041 −0.086 0.376 0.820
Recommendation, fully agree −1.134 −1.77 0.513 0.002
Added value, fully agree −0.380 −0.655 0.628 0.306
Arousing interest, fully agree 0.057 0.097 0.435 0.826
Enjoyable, fully agree 0.270 0.454 0.418 0.287
Self-regulated learning, fully agree −0.252 −0.685 0.450 0.181
Clarity of goals, fully agree 0.247 0.508 0.457 0.275
Intuitive usage, fully agree 0.214 0.483 0.575 0.408
Concrete actions learned, fully agree −0.917 −1.703 0.458 0.001
Expanded knowledge, fully agree 0.982 1.750 0.601 0.007
Successful performance, fully agree 0.047 0.136 0.463 0.771
Learning progress *, very low −0.783 −1.503 0.550 0.011
Constant 12.916 3.964 0.003

Note: * Lower numbers indicate higher agreement. Green color indicates positive correlations, yellow indicates
negative ones. Bold and italicized significance levels indicate significance at the 5% level.

In their open responses, the students both highlighted what was particularly well done
and pointed out issues for improvement (see Table 8). Overall, the learning goals were clear,
the different types of media were also perceived positively, and the addition to the existing
curriculum was rated as purposeful. The media packages in particular were considered
suitable for introducing new topics, summarizing them or initiating a reflection process.
Criticisms of the tools focused on some aspects of the technical and formal implementation
in regular practice. In particular, the students wished for the tools to be embedded in a
setting guided by instructors.

Table 8. Excerpts of feedback from students.

Items Open Responses

This was particularly well done.

- Preparation and design of the materials. (an19daj)
- Prejudices that I knew from myself have been reflected. (el15chf)
- Diverse media. (li24dat)
- Podcasts. (ud31ppn)
- Explanation videos. (ab03dka)
- The various tasks on the topics. (ar02ey1)
- Summary of the main points. (ar05ldv)
- The videos did a good job of introducing the topics. (ar10dkf)
- Clarity of the content. (ar27ttl)
- It was a good addition and appropriate for the course. (at02cht)
- Contents are very useful for the teaching profession. (at02cht)
- Contents were not known to me before. (at02cht)
- Give specific goals for action, such as the 10 most important aspects

of conducting a conversation. (at02cht)
- The tasks were very varied. (er24ese)
- Structure and elaboration were clear. (ir20esl)
- Practical examples. (we25tet)
- Such media packages should be integrated more often in other

educational study programs. (we25tet)
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Table 8. Cont.

Items Open Responses

This should be revised/Potential for improvement.

- Such a media package is difficult to implement as a pure self-study
program. Also, the situations are partly not clear, as they can only
be considered in isolation. (ax20dkj)

- Self-regulated control of the free text tasks with sample solution in
the form of the test was tedious and frustrating. (te24iel)

- Because it still needs to be improved [audio tracks]. (ab03dka)
- The audio in the videos partly overlaps. (on10tbl)

6.4. Usability and Usefulness from the Instructors’ Perspective (RQ 4)

In addition, from an instructor’s perspective, the tools were perceived as a helpful ad-
dition to the existing curriculum, especially for self-regulated learning processes. However,
instructors integrating the tools’ contents in classroom teaching could further stimulate
learning processes. Feedback from two instructors is given here as an example (see Table 9).

Table 9. Excerpts of feedback from instructors.

Instructor No. Positive Feedback Critical Feedback

1

[The digital media tool] was very well prepared and
informative, the benefit given. Especially the
explanatory videos [...] were well received for
self-education. The examples in the videos were also
very appropriate.

The reflection prompt at the end was rated by
students as problematic for self-regulated learning,
many [students] wished for discussions in the group
and a more detailed application of the contents.

2

The participation of the students in the processing of
the digital media tools can be assessed as quite
positive. The tool is overall helpful.
[The digital media tools are] a very nice opportunity
for interested and committed students further
engage with the contents as a self-learning offer.
Videos [...] also address interesting interactions in
the classroom.

The tools could be extended, or complementary
tools could be developed on other relevant aspects.

7. Discussion
7.1. Summary and Interpretation of the Findings

This study aimed to investigate the application of newly developed digital multi-
media teaching-and-learning tools as self-learning tools in practical teacher training at
university in a quasi-experimental design. Two groups of pre-service teacher students
were observed, each of which worked with a digital tool and participated in a pre-
and post-study. Based on the developments in the applicable PK facets, the following
assumed effects were found in the intervention groups (RQ 1): Both groups showed a
significant positive change in the targeted facet, whereas they showed no significant
change in the non-targeted facet (H1). In particular, the students did not differ in terms
of the test score in ‘Professional Communication in Classrooms’ (at t1), even when dif-
ferent study phases (bachelor vs. master) were considered. Teacher students seem to
not regularly build up applicable PK in this area over the course of their studies. This
finding was consistent with the state of the low curricular implementation of tools that
foster applicable PK in teacher education to date, and it underlines the relevance of
developing corresponding teaching-and-learning tools.

The differences between the two groups with regard to the test score in ‘multilingual-
ism’ can be attributed to the composition of the subsamples. Compared to the applicable PK
facets for professional communication in classrooms, which was comparably (marginally)
included in the study programs of both groups, the German study program had a large
overlap with the content of the language-related digital learning tool. Therefore, the higher
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applicable PK facet scores in the group of German students was expected. Even within
this short period, the students in the intervention group were able to catch up with those
in the ‘expert’ comparison group with respect to test scores. Overall, the effect sizes sug-
gest promising outcomes from including the new digital teaching-and-learning tools as a
complimentary component of teacher education.

To further understand the developments in the test scores before and after the inter-
ventions, we took a closer look at the students’ usage of the tools (RQ 2). These replaced a
course unit with an approximate length of 1.5 h per week over four weeks. The use of the
tool in a mostly individual, self-regulated learning setting should be viewed in light of the
COVID-19 pandemic and the resulting restrictions. In particular, the repeated use resulted
in more significant changes with respect to applicable PK, which was in line with previous
research (e.g., [92]).

In the ratings (RQ 3), the students reported that the digital tools were useful and valu-
able additions to their studies. Overall, the tools were perceived as enabling self-regulated
learning processes, providing clear learning goals and intuitive usage. Furthermore, the
students described a positive effect on their applicable PK. These ratings were in line with
the changes in the test scores.

Consistent with the student ratings, the initial feedback on the digital tools from
instructors so far (RQ 4) suggests that the tools were seen as a meaningful and useful ad-
dition to the existing curriculum of teacher higher education. The tools were considered
as self-learning material and also as a basis for in-depth group discussions. There was
also interest in further tools or further development of existing tools for the transfer in
teaching practice.

In summary, the results of this study, including the change in the targeted applicable
PK facets, the (influence of the) usage behavior, and the feedback from students and
instructors, suggest that the new digital tools are useful and usable, and that their content
focusing on applicable PK is indeed relevant across domains. Furthermore, through the
conception of the digital multimedia tools (as described in Section 4), self-learning processes
were triggered. The results of this study support the findings on the importance of problem-
based tasks for promoting applicable knowledge in teacher education. Further use of the
newly developed digital tools, e.g., in blended learning settings, seems promising.

7.2. Limitations and Outlook

The findings of this study should be critically viewed against the background of
limiting factors resulting, for example, from the study design. Study participation was
voluntary, resulting not only in selection bias but also in panel mortality in the pre–post-
study. Due to the study’s design as a field study and hence its reliance on existing courses,
the resulting sample sizes were small and limited the possibilities of statistical analysis.

The heterogeneous characteristics of the groups examined (i.e., different teaching
subjects) as well as the instructors may have influenced the results. No other universities
were included in this first study so far. This is, however, essential to derive more generaliz-
able conclusions. The use of the tools and their evaluation in other courses and at other
universities thus represents the next step to test the replicability of the results presented in
this study. However, in context of these limitations, it is particularly remarkable that the
digital tools showed an effect on the prospective teachers’ applicable PK.

In addition, the usage data (RQ 2) were collected via retrospective statements instead
of process-generated data (e.g., log-in times, access data, and downloads of individual
elements of the tools), which is another important source of information on learning
processes. These could provide further, more differentiated insights into usage behavior in
future studies. In particular, process-generated data allow conclusions about difficulties and
critical moments in learning processes to be drawn (e.g., through data on task completion
and the problems encountered in the process).

Another limitation lies in the explanation of the change in the applicable PK facets,
since influencing factors that are potentially relevant have not been included in the study
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thus far. Especially regarding the digital learning tools, digital skills (often referred to as
information and communication technology (ICT) literacy) might influence self-regulated
use and may be quite heterogeneously developed among the students [93–95]. There is still
a research deficit, e.g., to what extent support for digital skills is initially required to enable
the successful self-regulated use of digital teaching-and-learning tools.

Finally, the students’ feedback (RQ 3) represents subjective evaluations, which can
also be distorted (e.g., effects of social desirability). However, the results were in line with
the (subjective) ratings by the instructors (RQ 4) on various aspects of the digital tools.

7.3. Implications for Research and Practice

Even if the initial indications of the impact of digital learning tools on applicable PK
facets were found (RQ 1), more in-depth studies are required. In particular, different modes
of use, i.e., different degrees of integration into digital and on-site regular teaching, need
to be examined, just like the use of the tools in other domains of teacher education and at
other universities. The extent to which more experienced (teaching) students still benefit
from the digital teaching-and-learning tools must also be examined for their use in further
phases of teacher training, e.g., during supervised teaching (in Germany, teacher training is
structured in multiple phases, with a usually five-year course of university study (including
practical training units) being followed by one to two years (depending on the federal state)
of supervised teaching at schools) as well as in later professional development. In addition,
it is also important to examine the effect of the newly developed digital tools on teacher
beliefs, which play a central role in transferring knowledge into practice [31].

Based on the insights and feedback from the students and instructors (RQ 3 and 4),
the digital learning tools could be further optimized to expand the curriculum in a practice-
oriented way. The development of further digital learning tools for (non-)domain-specific
teacher PK facets for integration in teacher education seems promising. Accordingly, further
digital learning tools have been developed and evaluated in the TWIND project, e.g., in the
area of PK (e.g., self-regulated learning, classroom management) and in the area of media
didactic challenges, which are especially important in times of digitalization of teaching.
Teacher education practice ought to be advanced by publishing digital tools to public
platforms as open educational resources (OER) to ensure free, immediate, and permanent
access to educational resources [96].
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