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Abstract Effective online teacher professional development (OPD) is crucial to
support teachers. The effectiveness of OPD depends on teachers’ engagement. Ac-
cording to offer-use models, teachers’ engagement in OPD relates to the OPD quality
and teachers’ motivation to learn. However, whereas OPD activities have increased
in recent years, especially during the COVID-19 pandemic, findings on the impor-
tance of OPD quality and teachers’ motivation to learn for teachers’ engagement in
OPD are scarce. We analyzed data from N= 593 teachers participating in 61 OPD
courses. The predictive power of perceived OPD quality (i.e., clarity and structure,
practical relevance, cognitive activation, and collaboration) and teachers’ motivation
to learn for their behavioral, affective, and cognitive engagement during OPD were
examined using structural equation modeling. We used latent moderated structural
equations to gain insights into the interaction effects between OPD quality and teach-
ers’ motivation. Our findings indicate that OPD quality positively predicted teachers’
OPD engagement. When controlling for OPD quality, teachers’ motivation to learn
also predicted teachers’ behavioral and cognitive engagement but not their affective
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engagement. The findings on the interactions between OPD quality and teachers’
motivation demonstrated that for the different facets of teachers’ OPD engagement,
different OPD quality characteristics could compensate for low teacher motivation
to learn. For instance, for behavioral engagement, opportunities for collaboration
can compensate for low motivation. Implications for practice (e.g., ensuring high-
quality OPD) and future directions in research (e.g., conducting longitudinal studies)
in the field of OPD are discussed.

Keywords Online teacher professional development · Engagement · Motivation ·
OPD quality

Das Engagement von Lehrkräften in Onlinefortbildungen – Das
Zusammenspiel der Qualität von Onlinefortbildungen und der
Motivation von Lehrkräften

Zusammenfassung Wirksame Onlinefortbildungen (OPD) sind für die Unterstüt-
zung der Lehrkräfte von entscheidender Bedeutung. Die Wirksamkeit von OPD
hängt vom Engagement der Lehrkräfte ab, welches Angebot-Nutzungs-Modellen
folgend wiederum mit der Qualität der OPD und der Lernmotivation der Lehrkräfte
zusammenhängt. Obwohl die OPD-Aktivitäten in den letzten Jahren zugenommen
haben, insbesondere während der COVID-19-Pandemie, gibt es nur wenige Erkennt-
nisse über die Bedeutung der OPD-Qualität und der Lernmotivation der Lehrkräfte
für das Engagement der Lehrkräfte an OPD. Wir analysierten Daten von N= 593
Lehrkräften, die an 61 OPD-Kursen teilnahmen, und untersuchten mit Struktur-
gleichungsmodellen die Vorhersagekraft der wahrgenommenen OPD-Qualität (d.h.
Klarheit und Struktur, praktische Relevanz, kognitive Aktivierung und Zusammenar-
beit) und der Lernmotivation der Lehrkräfte für ihr verhaltensbezogenes, affektives
und kognitives OPD-Engagement. Zudem haben wir latent moderierte Strukturglei-
chungen verwendet, um Einblick in die Interaktionseffekte zwischen der OPD-Quali-
tät und der Motivation der Lehrkräfte zu gewinnen. Unsere Ergebnisse zeigen, dass
die OPD-Qualität das OPD-Engagement der Lehrkräfte positiv vorhersagt. Unter
Kontrolle der OPD-Qualität sagt auch die Lernmotivation der Lehrkräfte das verhal-
tensbezogene und kognitive Engagement der Lehrkräfte vorher, nicht aber ihr affek-
tives Engagement. Die Ergebnisse zu den Wechselwirkungen zwischen der OPD-
Qualität und der Motivation der Lehrkräfte zeigen, dass für die verschiedenen Facet-
ten des OPD-Engagements der Lehrkräfte unterschiedliche OPD-Qualitätsmerkmale
eine geringe Lernmotivation der Lehrkräfte kompensieren können. So können z.B.
bei verhaltensbezogenem Engagement die Möglichkeiten zur Zusammenarbeit eine
geringe Motivation ausgleichen. Es werden Implikationen für die Praxis (z.B. Si-
cherstellung qualitativ hochwertiger OPD) und künftige Forschungsrichtungen (z.B.
Durchführung von Längsschnittstudien) bezüglich OPD diskutiert.

Schlüsselwörter Onlinefortbildungen · Lehrkräfte · Engagement · Motivation ·
Fortbildungsqualität
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Professional development (PD) is crucial to prepare teachers for professional chal-
lenges (Darling-Hammond et al. 2017). In recent years, online professional devel-
opment (OPD) has become increasingly important (Dede et al. 2009; Meyer et al.
2023), as OPD allows teachers to participate flexibly in terms of time and place, and
studies have indicated that teachers benefit from such courses (Morina et al. 2023).
For (O)PD1 to be effective (e.g., regarding increased teacher knowledge, skills or
attitudes, change in instruction, improved student learning; Desimone 2009; Quinn
et al. 2019), among other things, it is important for teachers not only to be in at-
tendance but also to be behaviorally, affectively, and cognitively engaged in (O)PD.
Engagement is critical to ensure that teachers learn when participating in (O)PD
and apply the content of (O)PD to their professional practice (Bragg et al. 2021;
Ji 2021). In models of the offer and uses of (O)PD as learning opportunities, such
as the one by Lipowsky and Rzejak (2015; for an adapted version specifically for
OPD, see Fig. 1), the success of (O)PD (i.e., effectiveness at the teacher and student
levels) is explained by an interplay of multiple influencing variables (e.g., quality of
[O]PD, perception of [O]PD, characteristics of facilitators and participants, school
context; see Fig. 1). According to Lipowsky and Rzejak (2015), teachers’ engage-
ment in (O)PD depends on both characteristics of the (O)PD (e.g., quality of [O]PD)
and characteristics of the teachers (e.g., motivation to learn). Regarding the quality
of face-to-face PD, studies have demonstrated that characteristics of the quality of
PD (e.g., coherence, content focus) are positively related to PD participation and
outcomes (e.g., Hauk et al. 2022; Masuda et al. 2013; Penuel et al. 2007), regarding
the quality of OPD, Bragg et al. (2021) demonstrated in their systematic review
that it can be assumed that certain OPD design elements have the potential to ad-
dress individual differences and promote participant engagement successfully. Also,
research has shown that personal interest in learning (e.g., motivation to learn) is
positively related to participation in (O)PD (Jansen in de Wal et al. 2014; D. Richter
et al. 2019; Zhang and Liu 2019). It can be assumed that the quality of (O)PD and
the characteristics of teachers are related to each other (Harper-Hill et al. 2022). For
instance, following the expectancy-value theories (e.g., Wigfield and Eccles 2000), it
can be assumed that teachers are more motivated to engage in (O)PD when they per-
ceive a (O)PD program as well-structured, recognize the (O)PD goals, and perceive
the content as relevant for their daily professional practice. Teachers are more likely
to recognize that their efforts will lead to successful learning outcomes. Regarding
teachers’ engagement in (O)PD, this mechanism likely has particular potential for
teachers with a lower motivation to learn (i.e., who do not feel the need to engage
with learning content in depth).

However, theoretical frameworks describing the interplay between (O)PD course
offerings and (O)PD participation differentiate between (O)PD and teacher charac-
teristics. So far, there has been little attempt to examine their interaction. Therefore,
it is an open question whether, for instance, the perception of high (O)PD quality can
compensate for low motivation to learn. In addition, most research focused on teach-

1 (O)PD means both face-to-face and online PD. We use OPD when utterances refer exclusively to online
professional development and face-to-face PD when utterances refer exclusively to face-to-face profes-
sional development.
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Fig. 1 Offer-use model of online professional development. (This figure was adapted from Lipowsky and
Rzejak (2015) regarding online professional development (OPD). Shaded in gray are the areas that were
focused on in this study)

ers’ participation in (O)PD but not on teachers’ engagement in (O)PD. Moreover,
whereas quality characteristics of face-to-face PD have been frequently the focus
of previous research (e.g., content focus, coherence; Darling-Hammond et al. 2017;
Desimone 2009), quality characteristics of OPD like those suggested by Quinn et al.
(2019) have not been frequently the focus. Thus, little is known about the quality of
OPD and its importance for its effectiveness (Meyer et al. 2023; Powell and Bodur
2019).

In this study, we analyze data of 593 teachers who participated in an OPD, first,
to gain insight into the importance of the quality of OPD and teachers’ learning mo-
tivation on teachers’ engagement in OPD and, second, to understand the interactive
relationship between the quality of OPD and teachers’ learning motivation regarding
their engagement in OPD.

1 Theoretical background

1.1 Teachers’ engagement in (online) professional development

The engagement of individuals is considered an important driving force for suc-
cessfully processing tasks (Fredricks et al. 2004). Engagement is a motivational
construct describing individuals’ voluntary allocation of personal resources to ac-
complish tasks required by the nature of professions like teaching (Klassen et al.
2013). Engagement is a multidimensional construct comprising at least the three
dimensions of physical (or behavioral), affective (or emotional), and cognitive en-
gagement (for student engagement, see Fredricks et al. 2019; for teacher or work
engagement, see Klassen et al. 2013) that also apply for teachers’ engagement in
(O)PD (Ji 2021). How teachers are engaged during (O)PD (e.g., using different
strategies to acquire new knowledge) seems to be relevant for teachers’ learning and
even more important than, for instance, teachers’ initial motivation to participate in

K



Teachers’ engagement in online professional development—The interplay of online... 743

(O)PD (i.e., whether teachers participate voluntarily; Timperley et al. 2007). Indeed,
the findings of several studies indicate a positive association between the engage-
ment of teachers’ participation in a face-to-face PD and the effectiveness of that
face-to-face PD (e.g., on teachers’ beliefs; for a collection of studies, see Lipowsky
and Rzejak 2015).

Behavioral engagement can be defined as participation in learning opportunities
(Fredricks et al. 2016). When applied to (O)PD, teachers’ behavioral engagement
is characterized by, among other things, productive participation (e.g., positive con-
duct, absence of disruptive behavior) in any form of (O)PD (i.e., formal or informal,
in-school or out-of-school, face-to-face or OPD). Affective engagement refers to
learners’ sentiments regarding a learning opportunity, such as negative or positive
reactions to learning opportunity stakeholders (Fredricks et al. 2016). When ap-
plied to (O)PD, teachers’ affective engagement is characterized by any sentiments
regarding their participation in (O)PD, (O)PD content, (O)PD providers, or (O)PD
educators. Cognitive engagement can be related to the concept of self-regulated
learning and describes the willingness of the learners to use learning strategies to
understand the content as well as possible (Fredricks et al. 2016). When applied
to (O)PD, teachers’ cognitive engagement is characterized by the effort teachers
invest during (O)PD to learn the (O)PD content and to understand how the content
can be applied to their daily practice. Ji (2021) emphasizes that teachers’ face-to-
face PD engagement and not just their participation in face-to-face PD (i.e., be-
ing physically present) is the factor that is positively related to teacher learning in
face-to-face PD. Thus, it becomes apparent that the construct of (O)PD engagement
should be separated from that of (O)PD participation/attendance. However, studies
often do not distinguish between being in a (O)PD and engaging in a (O)PD. For
instance, E. Richter et al. (2021), Fütterer et al. (2023a), and Jansen in de Wal et al.
(2014) used the terms teachers’ participation in (O)PD and teachers’ engagement in
(O)PD synonymously and thus operationalized teachers’ engagement in (O)PD via
(O)PD activities (e.g., workshops) and the duration of participation. Moreover, stud-
ies focusing on teachers’ engagement in (O)PD rarely distinguish between the three
subdimensions of engagement—behavioral, affective, and cognitive engagement.

How engaged teachers are in (O)PD depends on both characteristics of the (O)PD
(e.g., quality of [O]PD; for PD, see Desimone 2009; for OPD, see Quinn et al. 2019)
and characteristics of the teachers (e.g., motivation to learn; Lipowsky and Rzejak
2015).

1.2 The quality of (online) teacher professional development

In recent decades, key features of effective (mostly face-to-face) PD have been
identified (Darling-Hammond et al. 2017; Desimone 2009; Lipowsky and Rzejak
2015). For instance, findings from Ji (2021) and Bragg et al. (2021) indicate that
opportunities for active learning or the coherence of (O)PD are positively associated
with teachers’ engagement in (O)PD. The key features of effective (mostly face-
to-face) PD identified by different authors are not identical, and they emphasize
different aspects. In the following, we address key aspects congruent in different
models and assumed relevance for OPD following Quinn et al. (2019).
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First, a characteristic of effective (O)PD derived from teaching effectiveness re-
search is clarity and structure (Seidel and Shavelson 2007). Clarity and structure
are characterized, among other things, by the fact that learning objectives are estab-
lished, which are made transparent to the learners, and activities are structured to
achieve these objectives. Regarding face-to-face PD, for instance, Antoniou and Kyr-
iakides (2013) showed that face-to-face PD, characterized by clarity and structure,
outperformed face-to-face PD in which teachers reflect on their teaching practice
without clarity of the specific content focus and structural support by instructors.
Kleickmann et al. (2016) also showed that face-to-face PD in which teachers were
systematically guided (scaffolding) was superior to a self-study face-to-face PD ap-
proach regarding outcomes ranging from teacher motivation to student achievement.

Second, (O)PD is assumed to be effective when it is coherent. Coherence is
characterized by learning content consistent with teachers’ knowledge and beliefs
or (school) policies and initiatives (Desimone 2009). One aspect of coherence that
Quinn et al. (2019) highlight for OPD, in particular, is the immediate practical rele-
vance of OPD content and goals to teachers’ professional activities. That is, (O)PD
should be relevant to teachers’ professional needs (Kleiman and Wolf 2016; see also
Darling-Hammond et al. 2009). Although Timperley et al. (2007) emphasize that
adult learning is comparable to student learning, they also point out that adults have
higher demands regarding the relevance of learning content to engage in learning.
OPD specifically offers the potential to address topics where a school or school
district has no expertise (i.e., extended interaction with experts who are not onsite;
Bates et al. 2016). This enables a just-in-time response to the current needs of teach-
ers, such as knowledge about technological innovations (currently, for example, AI-
based technologies such as ChatGPT).

Third, (O)PD should be designed to encourage teachers to learn actively rather
than passively. Whereas Desimone (2009) characterized active learning as learning
activities in which learners are visibly (i.e., physically) active (e.g., analyzing student
work, making presentations), Darling-Hammond et al. (2017) characterized active
learning instead by features of cognitive activity of the learners (e.g., connecting
to prior knowledge, inquiry learning, interactive learning) that tend to be unobserv-
able and express more profound and more effortful behavior regarding the learning
content (see also Chi and Wylie 2014). The latter features are consistent with the
findings of teaching effectiveness research on the effectiveness of cognitively acti-
vating learning environments (Klieme et al. 2009; Praetorius et al. 2018; Seidel and
Shavelson 2007). Lipowsky and Rzejak (2015) explicitly recommend using the find-
ings of teaching effectiveness research to describe key features of effective (O)PD.
Regarding face-to-face PD, for instance, Decker et al. (2015) demonstrated that
teachers’ level of processing predicted changes in their beliefs. Moreover, a recent
study by Meyer et al. (2023) showed that teachers’ cognitive engagement during an
OPD is more important than, for instance, the clarity and structure of the OPD for
changes in teaching practices after participating in OPD.

Fourth, effective (O)PD should provide sufficient opportunities for collabora-
tion between participants (i.e., interactive learning processes and exchange between
learners; Darling-Hammond et al. 2017; Quinn et al. 2019). Technologies like col-
laborative document editing software or video conferencing systems offer real-time
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synchronous online collaboration (Fishman 2016). This means collaboration should
be at least as feasible online as in face-to-face PD. For instance, Landry et al. (2009)
showed that a collaborative OPD can be successfully conducted and be effective for
teaching and student outcomes. Furthermore, Bragg et al. (2021) showed that a col-
laborative OPD is associated with teachers’ engagement in OPD.

1.3 Teachers’ motivation in (online) professional development

In recent years, teacher motivation has increasingly emerged as an important as-
pect of (O)PD participation and effectiveness. For instance, it has been shown that
there are different reasons for teachers to participate in (O)PD (Appova and Ar-
baugh 2018; D. Richter et al. 2019; E. Richter et al. 2022; Rzejak et al. 2014) and
that interest in the content of (O)PD is a key driver for teachers’ participation in
(O)PD (Bareis et al. 2023; Fütterer et al. 2023b). Whereas this research focuses
on motivational orientations before (O)PD participation, there is an increasing fo-
cus on teachers’ motivation during (O)PD participation. For instance, Jansen in de
Wal et al. (2014) found that teachers with higher levels of identified regulation and
intrinsic motivation engaged more in work-related learning activities. This means
that teachers interested in (O)PD content or who value their personal development
learn more engaged than teachers who are more likely to be constrained by exter-
nal pressure or perceived obligations. Osman and Warner (2020) emphasized the
importance of teachers’ motivation to integrate (O)PD content into practice. Based
on the expectancy-value theory, they presented an instrument to measure teachers’
expectations for successful implementation, the value of implementation, and the
perceived costs of implementation.

1.4 Research questions

Previous research on teachers’ participation in face-to-face PD (e.g., how engaged
teachers are in face-to-face PD) has shown that both face-to-face PD quality charac-
teristics and teacher motivation are important aspects. Although little research has
been done on the interplay between the perceived quality of (O)PD and teachers’
motivation to learn (Lipowsky and Rzejak 2015), recent findings for OPD suggest
that positive correlations exist (Harper-Hill et al. 2022). However, the underlying
mechanisms between the perceived quality of OPD, teachers’ motivation to learn,
and their engagement in OPD are unknown. Moreover, most of the findings relate
to face-to-face PD rather than OPD. Therefore, in this study, we analyzed the data
of 593 teachers who participated in an OPD to gain insights into the importance
of OPD quality and teachers’ learning motivation, as well as their interplay for
teachers’ engagement in OPD. We address the following research questions (RQ):

(RQ1) How is the perceived quality of teachers’ OPD associated with their en-
gagement in OPD? Based on the findings on the importance of (O)PD quality
for its effectiveness, we assumed that OPD quality characteristics would positively
predict teachers’ OPD engagement (i.e., explanatory approach).
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a b

Fig. 2 Schematic Representation of a Synergistic (a) and Compensatory (b) Effect. (These figures are
adapted from Trautwein et al. 2015; see also Cohen et al. 2003)

(RQ2) How is the motivation of teachers to learn associated with their engage-
ment in OPD? Based on the findings on the importance of teachers’ (O)PD mo-
tivation to learn, we assumed that teachers’ motivation to learn would explain ad-
ditional (i.e., in addition to OPD quality characteristics) variance in teachers’ OPD
engagement (i.e., explanatory approach).

(RQ3) How do the quality of OPD and teachers’ motivation to learn interact
regarding teachers’ engagement in OPD? The independent predictive impor-
tance of OPD quality characteristics (RQ1) and teachers’ motivation to learn (RQ2),
which leads to a combined effect (i.e., equals the sum of the separate effects), can
be described as an additive effect model (Cohen et al. 2003; Trautwein et al. 2015).
Beyond an additive effect, we explored whether a synergistic effect (i.e., teachers’
OPD engagement is high when the perceived quality of OPD is high and teachers
are highly motivated to learn; see Fig. 2a) or a compensatory effect (i.e., OPD qual-
ity and teachers’ motivation to learn compensate for each other; see Fig. 2b) was
evident.

2 Method

2.1 Study design

The present study is based on a cross-sectional design to examine associations
between OPD quality and teachers’ OPD engagement. The study uses data from
a research project funded by the Ministerium für Schule und Weiterbildung of the
State of North Rhine-Westphalia (Germany) to develop an instrument for assessing
(O)PD quality. In the research project, to evaluate the instrument’s validity and reli-
ability for measuring the quality of (O)PD (Richter and Richter 2023; for validation
of the instrument, see Richter and Richter 2024), (O)PD courses were randomly
selected from all the (O)PD courses offered in the school year 2021–2022. As part
of the data collection, other research instruments were used in addition to the (O)PD
quality measurement instrument to obtain information on the psychometric quality
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of the instrument. Data were collected through online questionnaires at the end of
the (O)PD courses. Participants received a web link from the teacher educators to
access the survey. The teacher educators were informed in advance about the subject
and objectives of the study and received standardized information about the proce-
dure. Two test booklets were used to reduce the time burden on the participants and
ensure that the questionnaire could be completed within the course time.

Regarding the characteristics used in this study, the two test booklets encompassed
all characteristics in overlapping form (e.g., gender, teaching experience) apart from
teachers’ motivation to learn, assessed in only one of the two test booklets. We
assigned the participants to the test booklets randomly. Participation in the project
was voluntary, and due to data privacy, we do not know how many participants took
part in the different (O)PD courses.

Although the research project investigated both face-to-face and online PD, in this
study, we focus on the subset of courses that were conducted online. We included
a set of 61 OPD courses, which were, on average, comparable in duration to face-to-
face PD courses (M= 5.22h [SD= 2.27], Minimum= 1.5h, Maximum= 9h). Most of
the OPD courses (90%) were not organized by the school itself (often more manda-
tory for the participants) but offered by external partners (typically more voluntary),
reflecting the real-world variation in OPD participation across different settings
and contexts. The OPD courses cover different subject areas: curricula (5.6%),
instructional quality (11.1%), teacher-related professionalization (18.5%), subject
didactics (22.2%), inclusion/integration of students with special educational needs
(20.4%), and school development and organization (22.2%). On average, eleven par-
ticipants participated in each OPD course. This is an acceptable value because it
mainly corresponds to findings from a program analysis for PD in a German federal
state, where it was shown that an average of 10 to 12 teachers participate per PD
course (Richter et al. 2020).

2.2 Sample

Our sample comprised N= 593 teachers (83% female). Most teachers (43%) had 5 to
15 years of teaching experience, and a slightly smaller group (38%) had more than
15 years of teaching experience. Early career teachers with 0 to 5 years of teach-
ing experience comprised 18% of the participants. 68% of teachers worked full
time. The vast majority (88%) were initially trained to become a teacher and com-
pleted a mandated induction program (“Referendariat”; 94%). Many teachers (35%)
worked at a vocational school (“Berufskolleg”); others worked at primary schools
(32%), comprehensive schools (“Gesamtschule”; 10%), or secondary schools (high-
est track [“Gymnasium”]; 9%).

2.3 Measures

To assess teachers’ engagement in OPD, we assessed indicators of the three estab-
lished dimensions of engagement: behavioral, affective, and cognitive engagement.
The indicators were adapted from prior studies (Chan et al. 2021; Pintrich et al.
1991). For all items, participants responded on a 4-point scale (1= does not apply,
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2= rather does not apply, 3= rather does apply, 4= does apply). We assessed behav-
ioral engagement in PD with five items (e.g., “I asked questions”), which showed
good internal consistency (Taber 2018) in our data (Cronbach’s alpha [α]= 0.72);
affective engagement with four items (e.g., “I am happy to have participated in the
course”), which had high internal consistency (α= 0.88); and cognitive engagement
with four items (e.g., “During the course, I thought intensively about the content”),
which showed good internal consistency (α= 0.722).

To assess the OPD quality perceived by the teachers, we assessed the four dimen-
sions: clarity and structure, practical relevance, cognitive activation, and collabora-
tion. The four dimensions are strongly related to the characteristics of effective PD
activities (Darling-Hammond et al. 2017; Desimone 2009). The items were devel-
oped in a co-constructive process with teachers. A 4-point scale (1= do not agree
at all, 2= rather disagree, 3= rather agree, 4= fully agree) was applied to all items
used to assess the four OPD quality dimensions. We assessed instructional clarity
and structure with five items (e.g., “The goals of the course were clearly stated”),
which showed high internal consistency in our data (α= 0.87). To assess the practi-
cal relevance of OPD, we used four items (e.g., “The aspects covered in the course
were related to my current professional practice”), which also showed high internal
consistency in our data (α= 0.89). Cognitive activation was assessed with six items
(e.g., “My prior knowledge was incorporated into the course”), which showed high
internal consistency in our data (α= 0.87). Finally, we assessed collaboration (i.e.,
opportunity for collaboration) with three items (e.g., “The course allowed for work
in small groups”), which showed good internal consistency in our data (α= 0.82).

We assessed teachers’ motivation to learn with four items (e.g., “I like learning
new things”; adapted from Gorges et al. 2016) each on a 4-point scale (1= do not
agree, 2= rather not agree, 3= rather agree, 4= agree); these items showed good
internal consistency (α= 0.83).

As control variables, we used teacher and course characteristics. Specifically,
we used teachers’ sex (0=male, 1= female) and their teaching experience (dummy
coded: teaching experience 1 [1= 0 to 5 years of teaching experience], teaching
experience 2 [1= 15 or more years of teaching experience], with teachers who had
6 to 14 years of teaching experience functioning as a reference group). Additionally,
we controlled for the duration of the PD courses in hours and the type of PD courses
(0= school external PD, 1= school internal PD).

All item wordings are in Appendix A.

2.4 Statistical analyses

To answer the first two research questions, we performed structural equation mod-
eling (SEM) using R version 4.2.2 language for statistical computing (R Core Team
2022) and the R package lavaan 0.6-15 (Rosseel 2012) by using RStudio version
2023.3.0.386 (Posit team 2023). To answer the question of how OPD quality is
associated with teachers’ engagement in OPD (RQ1), we regressed all three teacher
engagement dimensions (i.e., behavioral, affective, and cognitive engagement) on

2 This statistic is based on 50 imputed data sets.
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the four OPD quality dimensions (i.e., clarity and structure, practical relevance,
cognitive activation, and collaboration). To avoid multicollinearity and especially
redundancy effects, we computed a separate SEM for each OPD quality dimension
(Model 1 [M1]: clarity and structure, M2: practical relevance, M3: cognitive acti-
vation, and M4: collaboration). Next, we additionally regressed OPD engagement
on teachers’ motivation in all four models to gain insight into associations between
these constructs and to explore how much additional variance in teachers’ OPD
engagement is explained by teachers’ motivation (RQ2). To do this, we analyzed
the change in the coefficient of determination (i.e., �R2) as suggested by Hayes
(2021) for SEM using saturated correlates in the reduced models (Graham 2003).
To answer the third research question, how OPD quality characteristics and teach-
ers’ motivation to learn interact (RQ3), we performed latent interactions by using
the latent moderated structural (LMS) equations approach (Klein and Moosbrugger
2000) as implemented in Mplus 8 (Muthén and Muthén 1998–2017). For each OPD
engagement dimension and each OPD quality dimension, we computed a separate
SEM (M5.1 to M5.12).

To fit the models, we used maximum likelihood parameter estimates. As the
multilevel structure of the data (teachers nested within courses) was a “byproduct
of the data collection” and not a research question, we wanted to make sure that
the estimations sufficiently account for the clustered structure (McNeish et al. 2017,
p. 16). Thus, we estimated cluster robust standard errors to account for the nesting
structure.

We utilized the standard cutoffs for fit indices to assess the SEMs’ goodness of
fit (Root Mean Square Error of Approximation [RMSEA] below 0.08, Comparative
Fit Index [CFI] above 0.95, and Standardized Root Mean Square Residual [SRMR]
below 0.06; Hu and Bentler 1999). In addition, when possible, we generated dynamic
model fit index cutoffs (McNeish amd Wolf 2021) using the R package dynamic
version 1.1.0 (Wolf and McNeish 2022) to back up the evaluation of the measurement
models. Due to the high number of models computed (cumulative alpha risk), we
used the Benjamini-Hochberg (1995) adjustment for multiple testing to control the
false discovery rate.

In total, 15% of the values of the dependent variables and 33% of the values of
the independent and control variables were missing (i.e., in total, 24%). Values were
missing because the participants received different test booklets, and individual items
were not answered. Given the results of Little’s test of missing completely at random
(MCAR), we can assume that the data are MCAR (62 missing patterns, χ2 (1,572,
N= 593)= 1099.86, p= 1.00). We treated missing data by applying a full information
maximum likelihood (FIML) approach implemented in lavaan for independent and
dependent variables. FIML, as a model-based estimation procedure, typically out-
performs traditional methods such as listwise or pairwise deletion (Graham 2012;
van Buuren 2018). Although FIML and multiple imputation (MI) procedures lead
to similar results when used in SEM (Lee and Shi 2021), we also applied an MI
approach to address missing values as a robustness check for the effect sizes due to
the relatively large volume of missing values. We generated 50 complete data sets
using the R package mice version 3.15.0 (van Buuren and Groothuis-Oudshoorn
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2011) and the R package semTools version 0.5-6 (Jorgensen et al. 2022). We report
the standardized regression coefficients.

The analysis code and further information can be viewed in our OSF project:
https://doi.org/10.17605/OSF.IO/EQRCP.

3 Results

3.1 Descriptive statistics

First, to get an overview of the data, we looked at the descriptive statistics of all
scales used (manifest; see Table 1). We found that for most scales, participants
rated the items very positively, resulting in high average scores. Noteworthy is the
minimum of the scale motivation to learn, which was 2.25. Motivation to learn
ratings resulted in relatively low variance compared to the other scales. In addition,
all mean values of the sample were above the theoretical scale mean of 2.5, which
descriptively means that the scales were highly rated by the teachers compared to
the theoretical scale mean.

Second, to evaluate the fit to our data of all measurement models of the latent
constructs used in our analyses, we evaluated the model fit indices RMSEA, CFI,
and SRMR for each construct separately. All constructs satisfied both the thresholds
for good-fitting SEMs of Hu and Bentler (1999) and the dynamic thresholds (see Ap-
pendix B). We then evaluated the model fit indices of the multifactor model, in which
all constructs were included simultaneously. According to Hu and Bentler (1999), the
multifactor models (including the constructmotivation to learn) showed almost good
fits to the data, M1 (Clarity and Structure): SRMR=0.071, RMSEA= 0.043, CFI=
0.949; M2 (Practical Relevance): SRMR= 0.069, RMSEA= 0.042, CFI= 0.954; M3
(Cognitive Activation): SRMR= 0.062, RMSEA= 0.037, CFI= 0.962; M4 (Collab-
oration): SRMR= 0.078, RMSEA= 0.049, CFI= 0.936.

Table 1 Mean, Standard Deviation, Minimum, and Maximum of Scales

Scale n M SD Minimum Maximum

Independent Variables

Clarity and Structure 593 3.42 0.60 1.25 4.00

Practical Relevance 591 3.33 0.68 1.00 4.00

Cognitive Activation 591 3.15 0.64 1.00 4.00

Collaboration 590 3.14 0.85 1.00 4.00

Motivation to Learn 164 3.52 0.44 2.25 4.00

Dependent Variables

Behavioral Engagement 564 3.16 0.61 1.00 4.00

Affective Engagement 561 3.20 0.68 1.00 4.00

Cognitive Engagement 564 3.21 0.60 1.00 4.00

K
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3.2 The quality of OPD and teachers’ OPD engagement

To gain insights into the association between the quality of OPD perceived by
teachers and teachers’ OPD engagement (RQ1), we first looked at the correlations
between the independent and dependent variables (Table 2). All scales correlated
positively and statistically significantly except for the correlations between the mo-
tivation to learn scale and the OPD quality characteristics. Next, we evaluated the
results of the SEM models M1.1 to M4.1, shown in Tables 3, 4, 5 and 6.

First, M1.1 in Table 3 shows clarity and structure as positive and statistically
significant predictor of all three OPD engagement scales. Specifically, the more par-
ticipants perceived an OPD to have clarity and structure, the higher their ratings of
behavioral (β= 0.30, p< 0.001), affective (β= 0.82, p< 0.001), and cognitive engage-
ment (β= 0.66, p< 0.001) retrospectively. Clarity and structure was most important
for affective engagement, for which 68% of the variance could be explained together
with the control variables. Second, looking at M2.1 in Table 4, practical relevance
was also a positive and statistically significant predictor of all three engagement
scales. That is, the more teachers perceived an OPD as relevant to their profession,
the higher they rated their behavioral (β= 0.41, p< 0.001), affective (β= 0.78, p<
0.001), and cognitive engagement (β= 0.64, p< 0.001) during the OPD in retrospect.
Also, practical relevance was most important for affective engagement, for which
61% of the variance could be explained with the control variables. Third, looking at
M3.1 in Table 5, cognitive activation was another positive and statistically signifi-
cant predictor of all three engagement scales. That is, the more teachers perceived
an OPD to be cognitively activating, the higher they rated their behavioral (β= 0.44,
p< 0.001), affective (β= 0.88, p< 0.001), and cognitive engagement (β= 0.76, p<
0.001) during the OPD in retrospect. Also, cognitive activation was most impor-
tant for affective engagement, for which 80% of the variance could be explained

Table 2 Correlations of Scales

(1) (2) (3) (4) (5) (6) (7) (8)

(1) Clarity and Struc-
ture

1 0.61*** 0.68*** 0.27*** 0.10 0.29*** 0.69*** 0.52***

(2) Practical Rele-
vance

– 1 0.67*** 0.29*** 0.15 0.35*** 0.65*** 0.49***

(3) Cognitive Activa-
tion

– – 1 0.39*** 0.15 0.40*** 0.73*** 0.57***

(4) Collaboration – – – 1 0.10 0.33*** 0.20*** 0.20***

(5) Motivation to
Learn

– – – – 1 0.30*** 0.23*** 0.30**

(6) Behavioral En-
gagement

– – – – – 1 0.37*** 0.47***

(7) Affective Engage-
ment

– – – – – – 1 0.66***

(8) Cognitive En-
gagement

– – – – – – – 1

Computed correlation based on the Pearson method with pairwise deletion
*** p< 0.001, ** p< 0.01
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with the control variables. Finally, looking at M4.1 in Table 6, collaboration was
also a positive and statistically significant predictor of all three engagement scales.
That is, the more teachers perceived opportunities to collaborate during an OPD,
the higher they rated their behavioral (β= 0.61, p< 0.001), affective (β= 0.35, p<
0.001), and cognitive engagement (β= 0.33, p< 0.001) during the OPD in retrospect.
Collaboration was most important for behavioral engagement, for which 36% of the
variance could be explained with the control variables.

3.3 Teachers’ motivation to learn and teachers’ OPD engagement

To gain insights into how teachers’ motivation to learn is associated with teachers’
OPD engagement (RQ2) and how much variance teachers’ motivation can explain
in addition to perceived OPD quality, we looked at the results of the SEM models
M1.2 to M4.2 shown in Tables 3, 4, 5 and 6.

First, looking at M1.2 in Table 3, controlling for teachers’ perception of clarity
and structure, teachers’ motivation to learn was a positive and statistically significant
predictor of teachers’ behavioral (β= 0.30, p= 0.004) and cognitive engagement (β=
0.30, p< 0.001). Teachers’ motivation to learn was a statistically significant predictor
of the two dimensions of OPD engagement when the perceived quality of OPD (i.e.,
clarity and structure) did not explain the most variance. This also means that teach-
ers’ motivation to learn could explain an additional variance of 8.1% of teachers’
behavioral engagement and 8.2% of teachers’ cognitive engagement. In contrast, the
additional variance explanation for affective engagement was only 1.3%. This same
pattern of findings was found for all three of the other OPD quality characteristics
(i.e., practical relevance [see M2.2 in Table 4], cognitive activation [see M3.2 in
Table 5], and collaboration [see M4.2 in Table 6]).

Table 7 Results of Latent Interaction Effects Focusing on Clarity and Structure

Behavioral Engage-
ment (M5.1)

Affective Engage-
ment (M5.2)

Cognitive Engage-
ment (M5.3)

B p B p B p

Independent Variables

Clarity and structure (CaS) 0.270 <0.001 0.796 <0.001 0.582 <0.001

Motivation to learn (MtL) 0.299 0.005 0.443 <0.001 0.366 <0.001

CaS_x_MtL –0.021 0.887 –0.356 <0.001 –0.131 0.041✝

Control Variables

Gendera –0.140 0.004 –0.003 0.919 0.033 0.547

Teaching experience 1a –0.001 0.979 –0.034 0.289 –0.042 0.426

Teaching experience 2a 0.051 0.376 –0.059 0.044✝ –0.023 0.668

Duration 0.017 0.742 0.004 0.875 0.037 0.491

Type of PDa 0.016 0.747 –0.030 0.293 0.038 0.448

N= 593. Estimates are standardized
CaS_x_MtL Interaction between clarity and structure and motivation to learn
aDichotomous
✝No longer statistically significant after applying Benjamini-Hochberg (1995) correction
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3.4 The interaction of the quality of OPD and teachers’ motivation to learn

To gain insights into the interaction between the perceived quality of OPD and teach-
ers’ motivation to learn in predicting teachers’ OPD engagement (e.g., whether the
perception of high PD quality can compensate for low motivation to learn; RQ3), we
evaluated the interaction effects of the latent moderated structural equations (M5.1
to M5.12 shown in Tables 7, 8, 9 and 10). Overall, we found compensatory effects
between OPD quality characteristics and teachers’ motivation to learn. However,
for the three dimensions of OPD engagement, different OPD quality characteristics

Table 8 Results of Latent Interaction Effects Focusing on Practical Relevance

Behavioral Engage-
ment (M5.4)

Affective Engage-
ment (M5.5)

Cognitive Engagement
(M5.6)

B p B p B p

Independent Variables

Practical relevance (PR) 0.280 <0.001 0.724 <0.001 0.593 <0.001

Motivation to learn (MtL) 0.290 0.001 0.332 <0.001 0.411 <0.001

PR_x_MtL –0.076 0.463 –0.277 <0.001 –0.169 0.032✝

Control Variables

Gendera –0.154 0.002 0.021 0.615 0.009 0.881

Teaching experience 1a –0.041 0.451 –0.042 0.267 –0.117 0.030✝

Teaching experience 2a 0.047 0.366 –0.045 0.211 –0.021 0.709

Duration 0.078 0.141 0.003 0.940 0.082 0.144

Type of PDa 0.050 0.315 –0.010 0.785 0.082 0.111

N= 593. Estimates are standardized
PR_x_MtL Interaction between practical relevance and motivation to learn
aDichotomous
✝No longer statistically significant after applying Benjamini-Hochberg (1995) correction

Table 9 Results of Latent Interaction Effects Focusing on Cognitive Activation

Behavioral Engage-
ment (M5.7)

Affective Engage-
ment (M5.8)

Cognitive Engagement
(M5.9)

B p B p B p

Independent Variables

Cognitive activation (CA) 0.395 <0.001 0.795 <0.001 0.663 <0.001

Motivation to learn (MtL) 0.282 0.004 0.244 0.017 0.318 <0.001

CA_x_MtL –0.088 0.309 –0.245 <0.001 –0.162 0.001

Control Variables

Gendera –0.112 0.018 0.097 0.012 0.092 0.062

Teaching experience 1a –0.008 0.885 0.013 0.695 –0.062 0.205

Teaching experience 2a 0.042 0.396 –0.055 0.066 –0.022 0.659

Duration 0.035 0.452 –0.064 0.035 0.024 0.634

Type of PDa 0.017 0.720 –0.067 0.045 0.027 0.569

N= 593. Estimates are standardized
CA_x_MtL Interaction between cognitive activation and motivation to learn.
aDichotomous
✝No longer statistically significant after applying Benjamini-Hochberg (1995) correction
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Table 10 Results of Latent Interaction Effects Focusing on Collaboration

Behavioral Engage-
ment (M5.10)

Affective Engage-
ment (M5.11)

Cognitive Engagement
(M5.12)

B p B p B p

Independent Variables

Collaboration (C) 0.697 <0.001 0.497 0.220 0.313 0.082

Motivation to learn (MtL) 0.433 0.001 0.467 0.221 0.441 0.002

OC_x_MtL –0.260 <0.001 –0.278 0.142 –0.174 0.245

Control Variables

Gendera –0.071 0.149 0.023 0.814 0.046 0.457

Teaching experience 1a 0.107 0.137 0.062 0.445 –0.054 0.460

Teaching experience 2a 0.041 0.439 –0.015 0.876 0.027 0.648

Duration –0.124 0.047✝ –0.253 0.015✝ –0.145 0.030✝

Type of PDa –0.157 0.014✝ –0.177 0.019✝ –0.051 0.476

N= 593. Estimates are standardized
C_x_MtL Interaction between collaboration and motivation to learn
aDichotomous
✝No longer statistically significant after applying Benjamini-Hochberg (1995) correction

showed compensatory effects for low teacher motivation to learn. First, regarding
teachers’ behavioral engagement, collaboration was a compensatory OPD quality
characteristic for teachers’ low motivation to learn (interaction effect: β= –0.26, p<
0.001; see M5.10 in Table 10). Second, regarding teachers’ affective engagement,
clarity and structure (interaction effect: β= –0.36, p< 0.001; see M5.2 in Table 7),
practical relevance (interaction effect: β= –0.28, p< 0.001; see M5.5 in Table 8), and
cognitive activation (interaction effect: β= –0.25, p< 0.001; see M5.8 in Table 9)
were shown to be compensatory OPD quality characteristics for teachers’ low mo-
tivation to learn. Finally, regarding teachers’ cognitive engagement, the level of
cognitive activation was shown to be a compensatory OPD quality characteristic for
teachers’ low motivation to learn (interaction effect: β= –0.16, p= 0.001; see M5.9
in Table 9).

4 Discussion

The study aimed to investigate the interplay between the quality of online profes-
sional development (OPD) and teachers’ motivation to learn in relation to teachers’
engagement in OPD. A sample of 593 teachers who participated in an OPD program
was analyzed to address the research questions. The study’s results provide valuable
insights into the factors influencing teachers’ engagement in OPD. First, the per-
ceived quality of OPD was positively associated with teachers’ engagement. This
finding supports previous research highlighting the importance of quality character-
istics for effective (O)PD, such as clarity and structure, coherence, active learning,
and collaboration. The study adds to the literature by demonstrating that these qual-
ity characteristics also apply to OPD, emphasizing the need for well-designed online
programs that align with teachers’ professional needs. However, based on the study,
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no conclusion can be drawn on how exactly an OPD program should be designed
because OPD quality refers to a specific selection of generic characteristics (i.e.,
cross-OPD program characteristics mentioned in widely cited models like by Des-
imone (2009) or Darling-Hammond et al. (2017)) but not to the effectiveness of
individual program components.

Second, teachers’ motivation to learn was positively associated with their en-
gagement in OPD. This finding aligns with previous research emphasizing the role
of intrinsic motivation and personal interest in driving teachers’ participation and
engagement in (O)PD. Teachers motivated to learn and saw value in the OPD con-
tent were more likely to actively engage in the learning process, invest effort, and
apply the acquired knowledge to their professional practice. However, the results
should be interpreted against the background that we only covered a certain selec-
tion of influencing variables on teachers’ engagement in OPD (i.e., context or further
participants’ characteristics are not covered; see Fig. 1).

Furthermore, the study explored the interaction between OPD quality and teach-
ers’ motivation to learn. The results indicated that the combined effect of OPD
quality and motivation was more than additive. Two potential scenarios were con-
sidered: a synergistic effect and a compensatory effect. The findings revealed a com-
pensatory effect, indicating that the perception of high OPD quality can compensate
for low motivation to learn. This finding highlights the importance of addressing
OPD quality to maximize the engagement and effectiveness of OPD initiatives.

4.1 Limitations and future directions

Whereas this study contributes valuable insights into the relationship between the
quality of OPD, teachers’ motivation, and their engagement, several limitations
should be considered, some of which also provide directions for future research in
the field of OPD.

Firstly, the study design employed a cross-sectional approach, which limits our
ability to establish causal relationships between OPD quality, motivation, and en-
gagement. The study’s cross-sectional nature implies that we can examine these
factors at only a single point in time without capturing potential changes or fluctu-
ations over time. To overcome this limitation, future research could adopt longitu-
dinal designs to explore the dynamic nature of engagement and better understand
how OPD quality and motivation influence teachers’ engagement over an extended
period. Moreover, longitudinal studies can provide insights into the long-term effects
of OPD on teachers’ professional growth. In addition, by adopting a longitudinal
approach, researchers can better understand the causal relationships and potential
reciprocal effects between OPD quality, motivation, engagement, and learning out-
comes.

Another limitation of this study is the presence of missing values. Although state-
of-the-art techniques were employed to handle missing data, such as full informa-
tion maximum likelihood, it is important to acknowledge that missing values may
introduce bias and affect the generalizability of the findings. The extent and pattern
of missing data should be carefully considered when interpreting the results. Future
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research should strive to minimize missing data through rigorous data collection
procedures to enhance the robustness and representativeness of the findings.

Additionally, the study relied on self-report measures subject to certain limita-
tions. Whereas self-report measures provide valuable insights into teachers’ per-
ceptions and experiences, they introduce the possibility of response biases, such as
social desirability bias, where participants may provide answers they perceive as
more socially acceptable. This may affect the accuracy and reliability of the re-
ported levels of engagement, OPD quality, and motivation. Although efforts were
made to ensure confidentiality and anonymity, it is important to consider potential
biases associated with self-report measures. Future research should employ mixed
methods approaches to complement self-report measures to enhance the validity and
reliability of the findings. Integrating objective measures, such as observational data
or learning artifacts, can provide a more comprehensive understanding of teachers’
engagement and the actual impact of OPD on their instructional practices. Triangu-
lating different data sources can strengthen the validity and reliability of research
findings.

Furthermore, researchers should explore the moderating and mediating factors in-
fluencing the relationship between OPD quality, motivation, engagement, and learn-
ing outcomes. Teachers’ prior knowledge, experience, and context-specific charac-
teristics may interact with OPD quality and motivation to influence engagement
and learning outcomes. Understanding these factors can inform the development of
tailored OPD interventions and enhance their effectiveness.

On a positive note, a strength of this study is the random sampling approach
employed to select participants from the population of OPD. This random sampling
technique increases the likelihood of obtaining a representative sample and enhances
the generalizability of the findings to the broader population of teachers engaging
in OPD. The random sample allows for more robust inferences and strengthens
the study’s external validity. However, it is important to acknowledge that even
with a random sample, there may still be specific characteristics or factors that
differ between the sample and the broader population. Future research could further
diversify the sample by including teachers from different geographic regions, grade
levels, and subject areas to provide a more comprehensive understanding of the
relationship between OPD quality, motivation, and engagement.

Lastly, a limitation of this study is the absence of direct measurement of teachers’
learning outcomes. Whereas the study focused on teachers’ engagement in OPD,
it did not assess the impact of OPD on teachers’ knowledge, skills, or instruc-
tional practices. Learning outcomes are important to PD effectiveness and should
be considered in future research. That is, if future research examines the relation-
ship between OPD quality, motivation, engagement, and learning outcomes (i.e.,
changes in instructional practices, overall professional growth, and student out-
comes), researchers can better understand the mechanisms underlying effective PD.
Furthermore, researchers can provide evidence-based insights into the effectiveness
of different OPD approaches and inform the design of future interventions.
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4.2 Implications for practice

The findings of this study have several important implications for practice in the
field of OPD for teachers. Firstly, the study highlights the significance of ensuring
high-quality OPD programs for teachers. Practitioners should prioritize developing
and implementing OPD initiatives designed to meet teachers’ specific needs, provide
relevant and up-to-date content, and incorporate interactive and engaging learning
activities. By investing in the quality of OPD programs, educational institutions and
policymakers can enhance teachers’ motivation and engagement, which may lead
to more effective professional growth and improved instructional practices in the
classroom.

Secondly, the study underscores the importance of fostering intrinsic motivation
among teachers. Practitioners should create a supportive and empowering learn-
ing environment that nurtures teachers’ sense of autonomy, competence, and rela-
tedness. Providing opportunities for self-directed learning, collaborative activities,
and meaningful feedback can enhance teachers’ intrinsic motivation and promote
their active engagement in OPD. Additionally, recognizing and rewarding teachers’
achievements and progress can further strengthen their motivation and commitment
to ongoing professional development. Furthermore, the findings suggest that prac-
titioners should consider the role of social support in promoting teachers’ engage-
ment in OPD. Building communities of practice or facilitating peer collaboration
and networking opportunities can create a sense of belongingness and shared learn-
ing experiences. Practitioners should leverage technology to facilitate online forums,
discussion boards, and virtual communities where teachers can exchange ideas, seek
advice, and share their experiences. By fostering a supportive social environment,
practitioners can enhance teachers’ engagement in OPD and create opportunities for
collaborative professional growth.
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5 Appendix A

5.1 Items used to measure teachers’ engagement in PD, perceived PD quality,
and motivation to learn

Table A.1 Items Used to Measure Teachers’ Engagement in Professional Development

Nr Dimension Item wording (German/English)

1 Behavioral
Engage-
ment

Ich habe mich aktiv an der Veranstaltung beteiligt./I actively participated in the
course

2 Ich habe die Aufgaben und Übungen in der Veranstaltung gewissenhaft bear-
beitet./I worked conscientiously on the tasks and exercises in the course

3 Ich habe während der Veranstaltung andere Dinge erledigt, z.B. Arbeiten von
Schüler/-innen kontrolliert. (umkodiert)/I did other things during the course,
such as proofing students’ work. (reverse coded)

4 Ich habe Fragen gestellt./I asked questions

5 Ich habe mein Wissen eingebracht./I have contributed my knowledge

6 Affective
Engage-
ment

Ich freue mich, dass ich an der Veranstaltung teilgenommen habe./I am happy to
have participated in the course

7 Für mich war die Veranstaltung langweilig. (umkodiert)/For me, the course was
boring. (reverse coded)

8 Was ich in dieser Veranstaltung gelernt habe, war interessant für mich./What
I learned in this course was interesting to me

9 Ich kann es kaum erwarten, nach der Veranstaltung das Erlernte an der Schule
auszuprobieren./I can’t wait to try out at school what I learned after the course

10 Cognitive
Engage-
ment

Ich habe mich in der Veranstaltung leicht ablenken lassen. (umkodiert)/I got
easily distracted in the course. (reverse coded)

11 Während der Veranstaltung habe ich über die Inhalte intensiv nachgedacht./
During the course, I thought intensively about the content

12 Ich könnte anderen Personen erklären, was ich heute gelernt habe./I could ex-
plain to other people what I learned today

13 Ich war während der Veranstaltung immer auf den Inhalt konzentriert./I was
always focused on the content during the course
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Table A.2 Items Used to Measure Perceived PD Quality

Nr Dimension Item wording (German/English)

1 Clarity and
Structure

Die Ziele der Veranstaltung wurden klar benannt./The goals of the course were
clearly stated

2 Die Veranstaltungsinhalte wurden verständlich erklärt./The course content was
explained in a comprehensible manner

3 In der Veranstaltung wurde die Zeit effizient genutzt./In the event, the time was
used efficiently

4 Der Ablauf der Veranstaltung wurde zu Beginn verdeutlicht./The agenda of the
course was clarified at the beginning

5 Die einzelnen Bestandteile der Veranstaltung bauten sinnvoll aufeinander
auf./The individual components of the course built on each other in a meaning-
ful way

6 Practical
Relevance

Die Auseinandersetzung mit den Inhalten erfolgte anhand realer Beispiele
aus der schulischen Praxis./The discussion of the contents was based on real
examples from school practice

7 Die in der Veranstaltung behandelten Aspekte hatten Bezug zu meiner ak-
tuellen beruflichen Praxis./The aspects covered in the course were related to
my current professional practice

8 In der Veranstaltung wurden Problemstellungen adressiert, die mir in meinem
beruflichen Alltag begegnen./The course addressed problems that I encounter
in my everyday professional life

9 Was ich in der Veranstaltung gelernt habe, kann ich in meiner beruflichen
Praxis anwenden./What I learned in the course I can apply in my professional
practice

10 Cognitive
Activation

Mein Vorwissen wurde in die Veranstaltung einbezogen./My prior knowledge
was incorporated into the course

11 In der Veranstaltung wurden Fragen oder Aufgaben gestellt, die mich zum
Nachdenken angeregt haben./In the course, I was asked questions or given
tasks that made me think

12 Ich konnte meine beruflichen Aufgaben in der Veranstaltung reflektieren./I was
able to reflect on my professional tasks in the course

13 Die Rückmeldungen, die ich im Rahmen der Veranstaltung erhalten habe,
lieferten mir konkrete Hinweise für meine professionelle Entwicklung./The
feedback I received during the course provided me with concrete advice for my
professional development

14 Die Veranstaltung bot die Möglichkeit, bisherige Routinen meiner Tätigkeit zu
hinterfragen./The course offered the opportunity to question previous routines
in my work

15 In der Veranstaltung konnte ich mich in Unbekanntes eindenken./In the course,
I was able to think my way into the unknown

16 Collaboration Ich hatte in der Veranstaltung Gelegenheit, mich mit den anderen Teil-
nehmenden intensiv über den Veranstaltungsinhalt auszutauschen./During
the course, I had the opportunity to discuss the course content intensively with
the other participants

17 Die Veranstaltung bot Gelegenheit, gemeinsam mit anderen Teilnehmenden
an Aufgaben zu arbeiten./The course offered the opportunity to work on tasks
with other participants

18 In der Veranstaltung wurde die Arbeit in Kleingruppen ermöglicht./The course
allowed for work in small groups
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Table A.3 Items Used to Measure Teachers’ Motivation to Learn

Nr Item wording (German/English)

1 Ich lerne gern neue Dinge./I like learning new things

2 Wenn ich etwas nicht verstehe, gehe ich Dingen gern auf den Grund./I like to get to the bot-
tom of difficult things

3 Ich finde gern heraus, wie verschiedene Ideen zusammenpassen./I like to figure out how
different ideas fit together

4 Wenn Ich etwas nicht verstehe, dann suche ich nach zusätzlichen Informationen, um es
nachvollziehen zu können./If I don’t understand something, I look for additional informa-
tion to make it clearer

6 Appendix B

Table B.1 Fit Values for the Measurement Models of All Constructs

Construct RMSEA CFI SRMR

Independent Variable

Clarity and Structure 0.056* (0.063a) 0.994* (0.993a) 0.018 (0.018b)

Practical Relevance 0.000* (0.105a) 1.000* (0.990a) 0.005 (0.018a)

Cognitive Activation 0.030* (0.060a) 0.997* (0.988a) 0.022 (0.022a)

Collaboration 1c 0c 0c

Motivation to Learn 0.037* (0.074a) 0.998* (0.993a) 0.015 (0.017a)

Dependent Variable

Behavioral Engagement 0.095* (0.100a) 0.967* (0.967a) 0.036 (0.047a)

Affective Engagement 0.038* (na) 0.999* (na) 0.006 (na)

Cognitive Engagement 0.101* (0.147a) 0.982* (0.963a) 0.029 (0.044a)

The dynamic fit indices are given in parentheses
RMSEA Root Mean Square Error of Approximation, CFI Comparative Fit Index, SRMR Standardized Root
Mean Square Residual, na not available
aLevel 1: 95/5
bLevel 2: 90/10
cPerfect fit due to three indicators
*Robust indices
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