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Abstract

Teachers require support to implement inclusive education effectively, and teacher
training is a key to providing this support cost-effectively. However, while education
research has established theories on student learning, there is still a lack of under-
standing regarding how teachers learn and integrate new ideas, making it essential
to investigate the transfer process to improve the implementation of school reforms.
The many overlapping theories on teachers’ learning in in-service training, as pre-
sented in the literature, have been summarized here in five models. These five mod-
els were tested regarding their fit to empirical data in secondary analyses using
meta-analytic SEM. The literature search revealed 228 studies that met the inclusion
criteria, comprising 244 samples and 117,609 participating teachers and students.
Only one model had an acceptable model fit. This model is characterized by the
assumption that teacher training affects willingness to change, which in turn influ-
ences the subsequent transfer process. Further research should be theory-based, test-
ing theories using primary data, particularly in the context of willingness to change.
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Introduction

Schools are constantly confronted with political reforms, technological advance-
ments, and other societal changes that necessitate adjustments in their organization and
daily practices. However, it is not a given that principals and teachers will necessar-
ily implement these reforms and changes, and that the systemic changes will result in
improvements for students. Therefore, investing in processes of implementing change
in school environments is essential to close the ‘implementation gap’ (Gouédard et al.,
2020). Teachers play a central role in realizing school reforms as they engage with the
content of these programs and the school and classroom environments where these
programs are expected to be implemented. In such contexts, teachers’ agency is situ-
ated within complex, multidimensional, and multilevel work environments (Imants &
Van der Wal, 2020). The principal tool to support teachers in this highly demanding
change process is to offer training (Popova et al., 2022; Scott et al., 2024 ), howeyver,
understanding the effectiveness of training and the mechanisms through which learn-
ing occurs and effects improvements in teaching practice and student outcomes is
opaque, with many competing theories found in the literature. To effectively research
teacher training, it is essential to develop a conceptual understanding of how learn-
ing and transfer processes occur in this highly complex environment (Kennedy, 2016).
This includes understanding transfer as a continuum that encompasses the processes
from the delivery of knowledge and skills during teacher training to their long-term
and successful implementation, contributing to improved student outcomes (Grossman
& Salas, 2011). This study aims to collect and summarize existing theories of learning
transfer in this context and test these theories using empirical data.

Inclusive Education

Inclusive education (IE) refers to a school reform and a teaching approach that
impacts all aspects of school life, affecting the entire school environment as well
as individual classrooms. Educating all students together and considering the
needs of all learners involves all educational staff and goes far beyond simply
adding a new method or tool; it fundamentally alters the approach to teaching and
learning (Suprayogi et al., 2017). This reform is the subject of global discourse
(Somma, 2020) and is particularly challenging as it affects the entire school
framework and requires profound, systemic changes. It is not a matter of teachers
deciding whether to use a particular tool. Instead, the way teachers implement IE
influences the learning of all students. Therefore, well-trained teachers are cru-
cial, not only for students with special needs but for all students, since imple-
menting IE ultimately impacts the entire school climate and the learning process.

Teacher Training for School Reforms

Effective schools equip students with cultural skills and social competencies,
enabling all students to live self-determined and independent lives. To get closer
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to this goal and adapt school education to social changes, school reforms are
decided upon at the political level to initiate widespread change. They are to be
implemented by teachers at the local schools. For successful implementation,
teachers must be well informed about these reforms, have acquired the neces-
sary skills, and have positive beliefs regarding this school reform (Lipowsky &
Rzejak, 2015). This can be achieved by addressing the training of prospective
teachers and, more relevant in terms of numbers, by offering further training for
in-service teachers to familiarize them with the reforms (Popova et al., 2022).
Unfortunately, providing teachers with information about the current reform is
insufficient to adequately address the implementation gap (Cohen & Mehta, 2017;
Copur-Gencturk & Papakonstantinou, 2016). This also applies to the context of
IE, with many training programs reporting little to no improvement in teachers
and students (e.g., Loyalka et al., 2019; Scott et al., 2024). However, some stud-
ies have found that training teachers for IE can be successful in bringing about
change (Chalmers & Gardiner, 2015; Donath et al., 2023).

To create effective training programes, it is essential to identify design character-
istics that enhance their effectiveness and understand how learning transfer occurs
from training to students’ achievement improvements (Clarke & Hollingsworth,
2002). Although training designs can differ widely (Cramer et al., 2019) and many
training programs do not fulfill known criteria for effectiveness (Popova et al.,
2022), it has been shown that training participation, in general, can bring about
development in the desired direction, in teachers as well as in their students (Didion
et al., 2020; Donath et al., 2023). However, teacher training is typically investigated
only at the teacher level (i.e., assessing teachers’ knowledge and skill acquisition;
Dreer et al., 2017) and assumes that sustainable changes will occur later (Dunst
et al., 2015). This may be due to the difficulties in evaluating reform implementation
in individual classrooms, as successful implementation can be highly individualized
and may unfold over time (Sasson & Miedijensky, 2023). Nevertheless, one should
refrain from assuming that successful implementation can be achieved through mere
participation in training courses (Darling-Hammond et al., 2009; Doherty, 2011).
These transfer processes require time for teachers to deepen their understanding of
reform practices (Guskey & Yoon, 2009). The design and effectiveness of teacher
training have been observed to vary significantly more than in education programs
in other contexts (Evans & Popova, 2016; McEwan, 2015); yet, the general recogni-
tion of the importance of teacher training is not questioned (Kennedy, 2016). In a
longitudinal study, Doherty (2011) found that most participating teachers did not
apply what they had learned in the training. This necessitates a closer examination
of the transfer processes from training participation to improvements in students’
school experiences (Castillo et al., 2018; Florian & Camedda, 2020).

Furthermore, teacher trainings are typically held for groups of teachers to reduce
costs, facilitate exchange among teachers, and disseminate coherent information to
many individual teachers (Darling-Hammond et al., 2017). Although there are simi-
larities between students’ learning in schools and professional teachers’ learning and
change processes, as one person with expertise typically teaches groups of learners,
it is inappropriate to apply learning theories from school contexts to professional
teachers’ learning and change processes (Kennedy, 2016). Due to their expertise in
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the professional field, particularly their responsibility for the learning process and
individualized implementation (Moon, 2004), learners are subjected to fundamen-
tally different demands. Therefore, it is important to carefully examine the descrip-
tions of learning and transfer processes in models that address professional training.

Models of Learning in Teacher Training

Numerous theories describe the transfer processes from (teacher) training to reform
implementation (Desimone, 2023), with no widely accepted framework available
(Nimante et al., 2025). Some attempts have been made to describe overarching
frameworks for studying teacher training (e.g., Darling-Hammond et al., 2017; Desi-
mone, 2009; Kennedy, 2005; Sims et al., 2023; Timperley et al., 2008), but these are
often primarily concerned with the design and circumstances of the training. Lists of
effective design features can be helpful when designing a training program, follow-
ing the logic that providing a good product will automatically lead to good outcomes
(Opfer & Pedder, 2011). However, focusing on structural features, such as a specific
number of hours, can distract from identifying relevant steps in learning processes
and how to support them best (Sztajn et al., 2011).

Among theoretical considerations on professional learning in in-service training,
there is consensus that external and internal factors influence the learning process.
These include personal predispositions, such as intelligence and learning motiva-
tion, as well as contextual conditions, including the design of teacher training and
the provision of external support during the learning process (Nimante et al., 2025).
This support encompasses spatial and material conditions within the school, the role
of school leadership, collaboration among staff, and other school resources. How-
ever, theories differ in whether and how they incorporate these factors into their
models (Desimone, 2023). In the following section, these influencing factors will be
omitted to allow a focus on the steps in the transfer process.

Existing theories differ in the number of steps involved in the transfer process and
the directional influence of these steps (Boylan et al., 2018; Kennedy, 2016; Sims
et al., 2023), as there is a tendency to increasingly delineate the indicators in transfer
theories and to analyze increasingly finer stages of the learning process. Further-
more, researchers have often argued that efforts for school reform are continuous
processes (e.g., Clarke & Hollingsworth, 2002; Imants & Van der Wal, 2020; Shul-
man & Shulman, 2004), assuming a cyclical pattern where the individual learning
steps are mutually influencing one another (Imants & Van der Wal, 2020). This
assumption is supported by the study of Shaha et al. (2015), who found that repeated
participation in teacher training has increasingly positive effects on students’ learn-
ing behavior.

Although numerous studies have employed professional learning models to
explore how teacher change occurs within their contexts, often selecting models
that require comparably little effort in the evaluation process focusing on change
in teachers (Desimone, 2023; Kowalski et al., 2020), only a few have specifically
focused on investigating the transfer process itself as a central research topic (Strang,
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2022). In this context, transfer refers to the process by which input provided during
teacher training is meaningfully applied in classroom practice, ultimately benefiting
student learning and development (Grossman & Salas, 2011). Furthermore, many
studies evaluating the effects of teacher training do not use transfer models as the
basis of their evaluation (Ahadi et al., 2024; Basma & Savage, 2023). There is a
broad consensus that a comprehensive theory describing professional learning pro-
cesses and their application remains lacking (Basma & Savage, 2023; Boylan et al.,
2023; Nimante et al., 2025). The following section will describe five typical models
of the learning and transfer process (see Fig. 1 and Table 1).

Knowledge-to-Practice Model

The simplest transfer models assume that knowledge acquisition changes classroom
practices, thus improving students’ learning outcomes (e.g., Baldwin & Ford, 1988;
Koehler & Mishra, 2009; Lieberman & Miller, 1990; Meiers & Ingvarson, 2005; see
Fig. 1a and Table 1). This model assumes a serial succession from knowledge acqui-
sition to improved classroom practices and student outcomes, implying success-
ful application of the acquired knowledge (Baldwin & Ford, 1988; Ignatavicius, &
Chung, 2016). This model is advantageous in its simplicity. However, in the context
of IE, this might be insufficient, as its implementation requires more than applying
a new teaching method; it also involves redefining the responsibilities and concepts
of successful teaching styles, as well as selecting and adapting the appropriate teach-
ing methods to the classroom conditions. Such underlying changes can be assumed
to provoke feelings of being overwhelmed and uncertainty about how to initiate the
change

process.

Nevertheless, being informed about IE and inclusive teaching methods is an
important step for implementation. Still, studies report that even though teach-
ers have heard about positive effects and are more knowledgeable after the train-
ing, many never end up putting what they have learned into practice (Doherty, 2011;
Hargreaves, 2005), thus having little impact on students’ achievement (Randel et al.,
2016). Since knowledge acquisition does not appear to be sufficient to explain its
application, transfer models should include additional links between knowledge and
teaching practice (Osman & Warner, 2020).

Knowledge-Skills-Beliefs Model

The following more complex models assume that training not only impacts teachers’
professional knowledge acquisition but also affects the skills and beliefs of teachers
regarding the reform (e.g., Blume et al., 2010; Desimone, 2009; Egert et al., 2018;
see Fig. 1b and Table 1). These changes in teachers’ knowledge, skills, and beliefs
together trigger changes in teaching practices, resulting in positive effects on stu-
dents (Clarke & Hollingsworth, 2002; Desimone, 2009; Egert et al., 2018). These
models are most commonly applied in evaluation research (Sancar et al., 2021),
as they often fit intuitively into the current training program being evaluated (e.g.,
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Fig. 1 Five models of learning transfer from teacher training to the classroom

Egert et al., 2018). However, they typically focus more on the structure and design
of the training itself rather than on the underlying teacher learning processes, which

are often described only briefly or remain largely unspecified.

Still, the assumptions of Knowledge-Skills-Beliefs models align with findings

from studies showing that next to knowledge, training also impacts teachers’ profes-

sional skills and beliefs regarding IE (e.g., Donath et al., 2023), and mere knowledge
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about a new teaching approach is not enough to bring about changes in teaching
practices (Cohen et al., 2020). Furthermore, it aligns with the theory of planned
behavior (Ajzen, 1991), which posits that the perceived ability, combined with a
positive attitude toward IE, influences subsequent behavior. However, it overlooks
research focusing on teachers’ professional beliefs, suggesting that slow and effortful
processes are required to change the underlying beliefs that guide behavior (Lazdina
& Daga-Krumina, 2023; Pajares, 1992). Empirical studies further debate whether
correlations exist between changes in professional skills and beliefs and changes in
teaching practices (Boeve-de Pauw et al., 2022; Boyle et al., 2020; Castillo et al.,
2018; Wu, 2021).

Reaction-to-Training Model

Another type of transfer model commonly described and applied in training evalua-
tion assumes that teachers’ engagement in the learning process is mainly influenced
by their perception and opinion of the training program (Kirkpatrick & Kirkpatrick,
2006; Lipowsky, 2010; Moore et al., 2009; Wade, 1985; see Fig. 1c and Table 1).
This perspective suggests that the transfer process is shaped crucially by how par-
ticipants perceive the training. While a pleasant atmosphere is often seen as key to
engagement, meaningful learning and uptake of new approaches may arise from
moments of discomfort. Recognizing the need for change, sometimes triggered by
cognitive dissonance rather than comfort, can be a powerful catalyst for reflection.
The literature remains inconclusive regarding the impact of training satisfaction on
learning and transfer processes: while some studies report associations between sat-
isfaction and self-efficacy and predicting changes in practice, although with small
effect sizes (Rutherford et al., 2017), others find no predictive link between satisfac-
tion and knowledge gain (Alliger et al., 1997; Goldschmidt & Phelps, 2010). When
applying this kind of transfer model, researchers often limit themselves to the first
steps of the model (Steele et al., 2016), investigating the training effect solely by
focusing on teachers’ self-reported satisfaction and self-perceived gains in profes-
sional knowledge, rather than observed behavioral outcomes (Cahapay, 2021).

Practice-to-Belief Model

Practice-to-Belief models (e.g., Cobb et al., 1990; Fogaca et al., 2024; Guskey,
2002) focus on the change processes in the classroom rather than what is learned
during training. They assume that professional skills are acquired through training,
enabling the implementation of reform practices, and observing positive impacts
on students can lead to changes in teachers’ professional beliefs (Guskey, 2002; see
Fig. 1d and Table 1). Since belief change assessed directly after the training has
seldom been a good predictor for actual change in teaching practice (Doherty, 2011;
Strang, 2022), Practice-to-Belief models refrain from the assumption that first teach-
ers’ professional beliefs need to be changed in order to enable change in teaching
practice (Ewing et al., 2018; Joyce, 1987). The key point is that it is not the training
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itself, but rather the experience of successfully implementing new practices, that
influences teachers’ attitudes and beliefs (Guskey, 2002).

Several studies empirically support Practice-to-Belief models (Voelkel &
Chrispeels, 2017; Zambak et al., 2017). For example, training programs could pre-
dict changes in teacher knowledge and practice, but not in attitudes (Strang, 2022).
This aligns with studies showing that teachers’ beliefs may be more challenging
to change than their teaching practices (Behrmann & Souvignier, 2015), and that
teachers who successfully and sustainably changed their teaching practices and
professional beliefs often attributed this to positive experiences with their students
(Bonner et al., 2019). This acknowledges that teachers’ professional beliefs are
generally stable and difficult to change (Lazdina & Daga-Krumina, 2023), and that
these beliefs are shaped mainly by classroom experience, which in turn acts as an
incentive for sustaining changes in practice (Bonner et al., 2019; Meiers & Ingvar-
son, 2005). However, assumptions based on Practice-to-Belief models focus more
on long-lasting processes, including feedback loops, which can rarely be depicted in
quantitative evaluation studies, as these typically assess the effects of training par-
ticipation only once, shortly after training ends.

Willingness-to-Change Model

One component often mentioned as crucial for the learning and transfer process in
teacher training is teachers’ willingness to improve their current practice (Grohmann
et al., 2014; Reinhold et al., 2018). Although closely connected to learning motiva-
tion, which is typically viewed as a prerequisite for the learning process and not
as something that can be enhanced through teacher training (Scott et al., 2024), a
growing number of researchers have proposed that teachers’ willingness to change,
as opposed to their learning motivation, should be included in transfer models for
teacher training as a link between knowledge acquisition and implementation (Her-
awati et al., 2022; Osman & Warner, 2020; Scott et al., 2024; Wu, 2021). This aligns
with general adult learning theories, which emphasize that the willingness to engage
in change processes requires self-determination, subjective relevance, and an expec-
tancy of achieving improvements (Eccles & Wigfield, 2000; Knowles, 1984). The
failure to awaken participants’ willingness to engage in change processes may also
be one possible explanation for the implementation gap (Sims et al., 2023). Ken-
nedy (2016) describes that this willingness can be activated through provocative
questions that require deep reflection on one’s behavior, creating ‘aha’ moments
that can influence teachers’ in-the-moment decisions. Models reflecting this call
will be referred to as ‘Willingness-to-Change models’ (e.g., Azizatur et al., 2021;
Gregoire, 2003; Kennedy, 2016; Lipowsky & Rzejak, 2015; Sims et al., 2023; see
Fig. 1e and Table 1). These models assume that teacher training can enhance teach-
ers’ willingness to change and professional knowledge by provoking ‘aha’ moments
and supporting changes in professional skills and beliefs, thereby triggering changes
in teaching practices that can improve student outcomes. Support for this model can
be found in recent studies, which show that readiness for change is a significant pre-
dictor of teachers’ change in teaching practices (Azizatur et al., 2021) and attitudes
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(Akin-Sabuncu & Calik, 2023). Accordingly, teacher trainings with compulsory par-
ticipation, a practice that reduces or even ignores teachers’ motivation to engage in
change processes, have been reported to have lower effect sizes (Donath et al., 2023;
Kennedy, 2016).

Research question

To ensure that the legal mandate to implement IE translates into effective classroom
practice, teachers must be adequately supported in navigating the complex demands
of inclusive teaching. Teacher training is crucial for providing this support cost-
effectively to teachers. To investigate its effectiveness, it is essential to be aware of
the relevant steps in the transfer process. Education research has established strong
theories on student learning. However, a lack of a well-developed understanding of
how teachers learn and how they can effectively integrate new ideas into their teach-
ing practices remains (Kennedy, 2016). Currently, there is a consensus among mod-
els on learning transfer that teachers need to be informed about school reforms, such
as IE, in order to change their current practice and enable improvements at the stu-
dent level (Boylan et al., 2018; Nimante et al., 2025). In addition to this straightfor-
ward model, numerous models incorporate additional elements and describe them as
relevant, differing in the number of elements described, the number of steps, and the
sequence in which the elements interact with one another.

A discussion about the existing theoretical foundation of teacher training is
needed to improve and systematize research in this field (Nimante et al., 2025).
However, no empirical synthesis of transfer theories has been conducted (Blume
et al., 2010). To design training evaluations effectively, it is essential to investigate
whether more detailed descriptions of learning processes provide added value and
to identify which indicators are most predictive of the transfer process. Particularly
in the context of IE, as there is no clear-cut answer to what successful implementa-
tion looks like, it is essential to support teachers effectively in developing a deep
understanding of concepts, allowing them to adapt them to the specific conditions of
their classrooms and schools. To address this research gap, the present study aims to
test whether the described models differ in their predictive value for data on teacher
training for IE.

The present study used secondary data to apply meta-analytic structural equa-
tion modeling (MASEM). MASEM refers to the application of structural equa-
tion models (SEM) to meta-analytic data using correlation matrices, enabling the
investigation of complex hypotheses through secondary data analysis (Bergh et al.,
2016). This method allows for combining results from multiple primary studies to
increase statistical power and generalizability and further facilitate testing complex
theoretical models that are challenging to assess in individual studies. Investigating
processes of learning transfer in the context of teacher training through meta-analy-
sis is also more general than examining one specific training program alone. Since
teacher trainings can be designed in very different ways, meta-analysis can further
investigate whether features of the training design influence the transfer process.
MASEM further allows testing the explanatory value of different theoretical models
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by comparing competing models (Bergh et al., 2016). This is what was done in the
present study, which investigated which of the five models of learning in teacher
training (Fig. 1) had the best fit on the available accumulated data.

Methods

The systematic literature search, screening, and selection of studies, as well as the
data collection, followed the PRISMA guidelines (Salameh et al., 2020).

Literature Search

The data collection process was based on a previous study (Donath et al., 2023).
The systematic literature search used the same databases and search terms, but with
different study inclusion criteria. The databases PsycINFO, Web of Knowledge,
and ProQuest (ERIC, Education Research Complete, Dissertation and Thesis) were
searched using the following search terms: inclusion OR inclusive education OR
inclusive classroom AND professional development OR teacher training OR work-
shop OR teacher education AND teacher OR pedagogical staff OR pedagogical per-
sonnel OR teaching assistant OR educators AND school OR K-12 OR kindergarten
OR preschool OR vocational college (for more detailed information see Supplement
C). To reduce the risk of publication bias, unpublished studies were included inten-
tionally. The first literature search was conducted in April 2021 and updated in July
2024.

Dependent Variables

For the above-described theoretical models (Fig. 1), seven relevant dependent vari-
ables were identified. These variables had in common that teacher training should
influence them in some way for a successful transfer process. Since the operation-
alization of these variables could vary, especially in field studies, eligibility criteria
for the measures of all these variables were set (for additional information, see Sup-
plement C). To be included in the meta-analysis, (1) teachers’ knowledge needed to
be assessed via knowledge tests or self-reports. These assessments typically focus
on contextual knowledge related to IE (e.g., legal framework, disability diagnos-
tics, and concept of IE). While it has been debated whether self-assessed knowl-
edge reflects self-efficacy (Kadluba et al., 2024), this concern mainly applies to self-
ratings of specific teaching methods. In the context of IE, knowledge assessments
differ from evaluations of one’s ability to implement inclusive practices. Moreover,
a recent meta-analysis on teacher training for IE found no significant differences
between tested and self-rated knowledge, and therefore combined these variables
into a single variable (Donath et al., 2023). Regarding teachers’ skills, theoretical
models differentiate between acquiring skills and applying them in practice (e.g.,
Desimone, 2009). For the present study, (2) teachers’ skills were defined as whether
teachers feel capable of using these skills, along with the theoretical descriptions
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that skills can be acquired in the actual training; hence, we included assessments
of self-efficacy for IE and perceived competence to implement inclusive practices.
(3) Teaching practices reflect the application of these skills. Eligible measures of
teaching practices assessed either the implementation quality or the use of inclusive
teaching methods via self-reports, in-person observations (time sampling or qual-
ity ratings), or student ratings. (4) Teachers’ beliefs regarding IE (general attitudes
towards IE and perceptions of inclusive teaching methods), (5) willingness to change
(motivation to engage in change processes towards IE), and (6) satisfaction with the
training were always based on self-reports. Measures on the (7) student level could
reflect either the students’ achievement or behavior. It was chosen to include differ-
ing measures because the content of teacher training can target various aspects at the
student level, and to include as much data as possible at this rarely assessed level.
Student achievement needed to be assessed using standardized tests, performance in
tasks given by the teacher, or meeting the individual education plan goals. Assess-
ments of students’ behavior needed to be based on students’ self-reports, teacher
reports, or observational measures assessing on-task behavior and engagement in
classroom tasks, attendance in school, challenging behaviors, and supportive behav-
ior towards other students.

Inclusion Criteria

Studies had to fulfill the following criteria to be included in the analysis: Studies had
to (1) report data on teacher training for IE of (2) teachers and/or their students with
(3) quantitative measures, (4) either in cross-sectional designs, longitudinal within-
group (pre vs. post) change designs, or in comparisons with a control group. Studies
had to (5) provide data on at least two of the following variables: teacher knowledge,
skills for IE, teaching practices, beliefs regarding IE, willingness to change, satisfac-
tion with the program, and student achievement and learning behavior.

Studies were excluded when the teacher training was solely based on coaching
(i.e., one-on-one training of teachers). Studies comparing special education with
general education teachers were excluded because the present study was interested
in teacher training on IE, not in comparing the two main professions involved in
implementing IE in schools. When results were reported in more than one publica-
tion, the publication with the most detailed information was included in the analysis
(e.g., Kuok et al., 2022; Yada et al., 2018). Furthermore, if data from one study were
split across several publications, and it was clear that the data originated from the
same study, the data from the various publications were summarized and treated as a
single study in the analysis (see Supplement E).

To ensure the reliability of the screening process, two raters independently
screened a sample of 500 abstracts. Disagreements regarding the inclusion or exclu-
sion of studies were resolved through discussion and consensus. Inter-rater reliabil-
ity was assessed using Krippendorff’s alpha (2011), indicating a high agreement
between the raters (a=0.907).

@ Springer



Educational Psychology Review (2025) 37:105 Page 150f34 105

Coding

For a transparent coding process, a condensed version of the coding handbook by
Donath et al. (2023) was used (see Supplement A). The publications selected during
the screening process were subsequently coded according to various characteristics,
including the source of information (publication type and country), study design
(sample size, sampling method, allocation to conditions, attrition, and conduct with
missing data), participant characteristics (profession, experience with IE, and school
type), the design of the teacher training (duration, topics covered, practice oppor-
tunities, certification received, and participation with colleagues), obtained results
(data collection method, instrument, and analysis approach), and the intercorrela-
tions of various outcome measures (teachers’ knowledge, self-efficacy, teaching
practices, beliefs, willingness to change, satisfaction with teacher training, and stu-
dent achievement and behavior).

When multiple samples were reported in a single study, all samples that fulfilled
the inclusion criteria were included. Samples were used as the unit of analysis in the
present study, as the effect size metric, Pearson’s r, was used to quantify the asso-
ciations between training, teachers’ knowledge, self-efficacy, teaching practice, pro-
fessional beliefs, willingness to change, satisfaction with the training, and students’
achievement and behavior. When correlations were not reported, but other data were
available on relations between variables of interest, the R package esc (Liidecke,
2019) was used to calculate the effect size in the required metric. For publications
after 2010, authors were contacted when data of interest were not reported. In sum,
76 authors were contacted; 18 responded, and 14 provided the missing data.

To evaluate the risk of bias in individual studies, we modified the Medical Edu-
cation Research Study Quality Instrument (MERSQI; Reed et al., 2007) for use in
the present meta-analysis (see Supplement B). The MERSQI was chosen because of
its reported high inter-rater reliability. Our adapted version evaluated the following
aspects: (1) study design, (2) response rate, (3) sampling method, (4) allocation to
conditions, (5) use of standardized instruments, (6) internal structure of the instru-
ment, and (7) reporting of missing data handling, with a maximum of 9.5 points
achievable (see Supplement C). The study design was rated as follows: 1 point for
cross-sectional designs, 1.5 points for pre/post change evaluation with an interven-
tion group only, 2 points for post-intervention comparisons with both an interven-
tion and control group, and 3 points for studies with pre/post change evaluation in
both the intervention and control groups. The response rate was rated as follows:
zero points when no information was given, 0.5 for a response rate below 50%, one
point for a response rate between 50 and 75%, and 1.5 points for a response rate
above 75%. The remaining aspects were rated with either one or zero points based
on the criterion of whether the random sampling procedure, random allocation to
conditions, the use of standardized instruments, the reported internal structure of the
evaluation instrument, and the handling of missing data were provided or not.
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Analysis

First, descriptive statistics regarding the number of extracted correlations and the
characteristics of included studies were created. Second, potential moderators (study
quality, study design, and participants) were analyzed to assess their influence on the
reported effect sizes using meta-regression. Further, we analyzed the potential influ-
ence of publication bias. This is described in more detail below. Third, MASEM
was used to test the theoretical models (Fig. 1), applying random-effects one-stage
MASEM (Jak & Cheung, 2020). It offers a streamlined and integrated approach to
simultaneously synthesize effect sizes and test structural models, making it particu-
larly useful for complex datasets or heterogeneous studies. Random-effects mode-
ling was chosen to account for the expected between-study heterogeneity resulting
from the variety in sample characteristics and training designs among the included
studies.

Furthermore, one-stage MASEM can handle missing data in the correlation
matrices using full information maximum likelihood (FIML), which is the case in
the currently included set of studies. One-stage MASEM is applied to the pooled
correlation matrix of all correlations reported in the primary studies. A sepa-
rate pooled correlation matrix was therefore calculated for each theoretical model
(Fig. 1), as studies differed in the number of reported correlations and could not be
used for each model, but only for models for which they provided at least one of the
required associations (see Supplement F). To enhance the comparability of model
calculations, the analyses are repeated using a dataset that allows for the computa-
tion of all models. Additionally, as study design and study quality can also influence
effect sizes, the analyses are repeated using only data from studies with randomized
or quasi-experimental assignment to conditions (RCTs and quasi-experimental con-
trolled trials). Model fit was evaluated as acceptable or good when the CFI and TLI
were higher than 0.9 and 0.95, respectively, the RMSEA was smaller than 0.06,
and the SRMR was smaller than 0.1 (Hu & Bentler, 1999). The MASEM analyses
were conducted using WebMASEM (Jak et al., 2021). In the path models, standard-
ized path coefficients are reported. Effect sizes of r=0.1 were interpreted as small
effects, r=0.3 as medium effects, and »=0.5 as large effects (Cohen, 1988).

Publication Bias

Several methods were applied to evaluate the risk of publication bias, as suggested
in the literature (Rothstein et al., 2005; Siegel et al., 2021) and since there is no well-
established way to detect publication bias in MASEM (Cheung, 2014). To reduce
publication bias, unpublished studies were intentionally included in the present
study, and moderator analyses were conducted to investigate potential differences
between published and unpublished studies. Although correlational meta-analysis
is relatively robust against the effects of publication bias (Chow & Ekholm, 2018),
Egger’s regression tests and funnel plot analyses were conducted with the data from
published studies to assess potential bias. For these analyses, dependencies among
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effect sizes from one sample were accounted for using multilevel models to calculate
Egger’s regression test (Ferndndez-Castilla et al., 2021) and create the funnel plots.
In Egger’s regression test, the standard errors of the effect sizes served as the predic-
tor variable, and the tests examined the relationship between the effect sizes from
each study and their corresponding standard errors to detect small-study effects.
Power-enhanced funnel plots (Kossmeier et al., 2019) were used to inspect potential
asymmetry in the effect size distribution visually and to obtain information on the
power of individual studies to detect the presence of effects.

Results
Description of Included Studies

The literature search yielded 14,226 records after removing duplicates, and 228 pub-
lications were identified as fulfilling the inclusion criteria during the screening pro-
cess (see Fig. 2 for more detailed information; Supplement D and K provide further
details). These publications reported data on 244 samples and provided 1084 effect
sizes.

Then, 62% (k=142) of the included studies were journal articles, and the remain-
ing studies were unpublished dissertations (k=72), project reports (k=7), confer-
ence proceedings (k=6), and preprints (k=1). The majority of studies were con-
ducted in North America (k=109; 47.6%), followed by Asia (k=48) and Europe
(k=39). In total, 61,766 teachers participated in the primary studies, and 55,843
students, of whom 21% had a diversity characteristic linked to potential educational
disadvantage. Of the participating teachers, 74.7% were general education teachers,

Records identified from: Records removed before the screening:
1stsearch April 2021 (k = 15,672) Duplicates (k = 4,386)
2"d search July 2024 (k = 2,940)

Records screened: k = 14,990 Records excluded: k = 13,407
Records assessed for eligibility: Records excluded:
k=819 Full text not available (k = 27)

Data not reported in a usable manner (k = 235)
Not fulfillinginclusion criteria (k = 322)
Duplicates (k = 30)

Records included: k = 228

Fig.2 PRISMA flowchart representing study selection
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8% were special education teachers, 6% were administrators, 1.4% were teaching
assistants, and 9% were pre-service teachers. Then, 77% of the participating teachers
had experience with IE, and 74% were teaching in inclusive classrooms.

Twenty-four studies were conducted in kindergarten, 71 in primary school, and 45
in secondary school. The remaining 88 studies did not indicate information regard-
ing the school type. Most teacher trainings focused on special educational needs
(SEN; k=189); among these, 51 specifically addressed one type of SEN. Twenty-
seven studies focused on other diversity features, primarily at-risk students (k=6),
second language learners (k=6), and LGBTQ individuals (k=5). In comparison, 13
studies addressed the presence of multiple diversity features simultaneously.

Most training programs (k= 85) spanned several weeks, with practice phases con-
ducted in their classrooms between training sessions. Trainings lasted between 2 h
and 4 school years (median=12 weeks), and post-data were assessed on average 3
months after the first training session, ranging from assessments directly after the
training (k=73) to 6 years after the first training session.

Study Quality and Publication Bias

The study quality among the included studies was generally low (M=4.63,
SD=1.28, range =2-9.5). The study with the highest rated study quality applied a
controlled randomized trial design with pre- and post-assessments in both the inter-
vention and control groups, random sampling and allocation to conditions, used
standardized instruments, and reported on the internal structure of these scales and
how missing data were handled (Yoshikawa et al., 2015), while the study with the
lowest study quality applied a cross-sectional design with a convenience sample
and reported no information on response rate, applied instruments, or how missing

Table 2 Descriptive statistics of study quality rating

Characteristics Number of studies %
Study design 112 49
Cross-sectional 71 31
Pre/post-change in intervention group only 19 8
Intervention/control group comparison only after training 27 12
Pre/post-change with intervention and control group

Response rate 142 62
Not reported or not applicable 72 32
<50% 7 3
50-75% 6 3
>75%

Random sampling procedure 23 10
Random and quasi-experimental allocation to conditions 54 24
Use of standardized instruments 71 32
Internal structure of instrument reported 143 64
Handling of missing data reported 86 38
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data were handled (Bergren, 1997; Gaastra et al., 2020). The distribution among the
aspects used to evaluate study quality is presented in Table 2.

Publication status was not associated with the reported effect sizes (F[I,
1041]1=0.67, p=0.41). However, study quality was associated with the reported
effect sizes (F[1, 1041]1=6.54, p=0.01), with lower study quality being associated
with larger effect sizes (f=-0.03, see Fig. 3). Egger’s regression test among the
published studies was also significant (F[1, 681]=118.28, p<0.001), and a clear
asymmetry was evident in the funnel plot (see Fig. 3). However, the direction of this
observed asymmetry was contrary to small-study effects, as studies with larger sam-
ples reported larger effect sizes. Further analyses showed that this might have been
because most studies with higher power also investigated more extended training
programs. Accordingly, smaller standard errors of effect sizes were associated with
both larger effect sizes (r=-0.14 [-0.22; —0.05], p=0.002) and longer training
durations in the studies (r=-0.19 [-0.27; —0.10], p<0.001). The median power
of studies appeared to be generally low (22.3%). However, this estimate was based
on the summary estimate of all correlations overall. As bivariate associations varied
across all pairs of variables (see Table 3), this estimate should not be considered
accurate for the associations between all variables in the tested models.

Moderation Analyses

Intervention studies reported larger effect sizes (overall r=0.35, 95% CI [0.31;
0.39]) than cross-sectional studies (overall »=0.24 [0.21; 0.27]; F[1, 1041]=22.36,
p<0.001). Among the intervention studies, study design (cross-sectional, within-
group pre vs. post, and control group) was not associated with the reported effect
sizes (F[2, 510]=0.41, p=0.66). Publication year, the continent where the study
was conducted, and school type did not significantly influence the reported effect
sizes (all F<3.4, all p>0.06). The educational background of the teachers had
no effect (all F<0.6, all p>0.4). However, studies that included teaching assis-
tants reported larger effects (overall r=0.39 [0.21; 0.57]) than those that involved
only teachers (overall r=0.29 [0.26; 0.32]), and the more teaching assistants were
included, the larger the reported effect sizes (F[1, 1041]=7.05, p=0.008, f=0.22).
Whether teachers were teaching inclusive classrooms or having inclusive teaching
experience did not show significant influence (all Fs< 1.1, all ps>0.35). For addi-
tional analyses regarding possible moderators, see Supplement J.

Testing Transfer Models

We created a pooled correlation matrix using the correlation coefficients from the
collected studies to test the five models of transfer processes. The pooled correlation
matrix is presented in Table 3, along with the sample size (i.e., the number of sam-
ples) for each correlation. However, the analysis of each model was based on sepa-
rate correlation matrices, which included only the variables specific to that model.
The fit indices of the different models are shown in Table 4 (for additional
information, see Supplement F). CFI was below 0.9 for all models except for the
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Table 3 Meta-analytic pooled correlation matrix

1 2 3 4 5 6 7 8

(1) Training X 81 160 102 174 46 17 52
(2) Knowledge 371 x 41 26 44 13 5 6
(3) Skills 265 241 x 31 80 22 9 6
(4) Teaching Practice 269 180 284 x 33 13 7 17
(5) Beliefs 183 147 282 199 x 22 10 12

(6) Willingness to Change 199 .059 318 .391 .350 x 5 7

(7) Satisfaction with Training .216 .288 .310 .235 425 .368 x 4

(8) Student Behavior 236 218 284 .249 315 .197 [ 415 x
Pooled correlation coefficients are shown in the lower triangle, and sample size (number of samples) is

shown in the upper triangle. Colors highlight the magnitude of the correlations, with orange indicating
the strongest associations and white indicating the weakest.

Willingness-to-Change model, which achieved an acceptable model fit. None of the
models met the 0.9 threshold for the TLI, which can be interpreted as a variant of
the CFI that considers model parsimony. Low values in this index may have been
due, in part, to the relatively small size of the models compared to their large num-
ber of parameters. However, the Willingness-to-Change model came closest to the
threshold with a value of 0.808. RMSEA was below the cut-off value of.06 for all
models, indicating a good model fit. This indicator again suggests that the Willing-
ness-to-Change model is the best fit.

Regarding the SRMR, only the Willingness-to-Change model achieved a value
below the cut-off of 0.1. The fit indices indicated that the Willingness-to-Change
model had the best fit in comparison to the other models (three out of four indica-
tors meeting the criteria for an acceptable or even good model fit). However, it is
worth noting that some path coefficients were based on small databases (Table 3),
particularly those paths involving teachers’ satisfaction with the training and student
outcomes.

Since the fit indices were based on (slightly) differing data sets, which may distort
direct model comparisons, the analyses were repeated, using strictly the same data
for all models (k= 163, Supplement G). The results with these data yielded lower
fit indices overall (see Supplement I); however, the Willingness-to-Change model
still had the best fit. Two indices indicated a good fit, while two fell slightly below
the cut-off value for an acceptable fit; however, all indices had higher values than
in the other models. In the analysis using only data from studies with randomized
or quasi-experimental assignment to conditions (RCTs and quasi-experimental con-
trolled trials, k=358), the Willingness-to-Change model also demonstrated the best
fit. However, the values were again lower compared to the main analysis (see Sup-
plement H). Three out of four fit indices indicated a good fit, while one fell slightly
below the cut-off value for an acceptable fit. Based on this analysis, a second model,
the Knowledge-Skills-Beliefs model, also showed a good fit in three out of the four
indices, with only slightly lower values than the Willingness-to-Change model.

In summary, based on the three analyses (main analysis, analyses using the same
database for all models, and the RCTs only), the Willingness-to-Change model had
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Table 4 Goodness-of-fit Model CFl TLI RMSEA SRMR
statistics for the five models
(main analysis) Knowledge-to-Practice Model ~ 0.749  0.248 0.015  0.166
Knowledge-Skills-Beliefs 0.859 0.698 0.011 0.114
Model
Reaction-to-Training Model 0.722 0479 0.011 0.201
Practice-to-Belief Model 0.812 0.647 0.012 0.197

Willingness-to-Change Model ~ 0.918 0.808 0.008 0.099

the best fit with the available empirical data. The associations between the variables
in the Willingness-to-Change model are shown in Fig. 4. Participation in teacher
training had a large effect on teachers’ professional knowledge ($=0.81, 95% CI
[0.64, 0.97]) and moderate effects on teachers’ willingness to change ($=0.37, 95%
[0.23, 0.51]), self-perceptions of professional skills (#=0.43, 95% [0.28, 0.57]), and
a small to moderate effect on teachers’ professional beliefs ($=0.25, 95% [0.15,
0.36]). Teachers’ willingness to change positively and significantly influenced per-
ceptions of their professional skills (£=0.34, 95% [0.24, 0.45]) and their profes-
sional beliefs (#=0.38, 95% [0.30, 0.46]), both with moderate effect sizes. Changes
in teaching practices were influenced with small to moderate effect sizes by teach-
ers’ knowledge ($#=0.30, 95% [0.15, 0.44]) and willingness to change ($=0.26,
95% [0.06,.046]) and with a small effect size by teachers’ perception of their skills
(#=0.12, 95% [0.001, 0.25]). Teachers’ professional beliefs did not significantly
influence their teaching practice (#=0.08, 95% [—0.09, 0.25]). Changes in teaching
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Fig. 4 Path results of the Willingness-to-Change model

practice had a moderate, significant effect on student outcomes (f=0.49, 95% [0.26,
0.72]).

The patterns proposed by this model are also reflected in the base correlations,
showing minimal associations between knowledge and willingness to change, small
associations between knowledge and skills and beliefs, but stronger associations
between willingness to change and skills, beliefs, and teaching practice. An over-
view of the path estimates among the three analyses for all models is presented in
Supplement 1.

Discussion

This study aimed to compare models that describe transfer processes in the context
of teacher training on IE regarding their fit to the currently available empirical data.
For this purpose, data from primary studies were collected, examining teachers’ par-
ticipation in training programs on IE concerning seven variables described in the
theories as relevant to the transfer process. IE was chosen as the topic for the teacher
training programs as it aims to improve learning conditions for all students and
serves as a useful first step in examining the transfer processes of teacher training.
In addition, IE presents teachers with the challenge of navigating complex learning
processes in their daily professional lives, as it requires fundamental changes in their
approach to teaching. Since teacher training is the most common method for sup-
porting in-service teachers in this change process, gaining insight into the transfer
process is crucial. The present study tested models that describe this transfer process
using secondary data analysis.

The models were calculated three times: first, based on all available data, result-
ing in different sample sizes; second, based on studies providing data for all models;
and third, based on studies with random and quasi-experimental designs. Based on
these analyses, the Knowledge-to-Practice model, the Reaction-to-Training model,
and the Practice-to-Belief model all appeared to be not well-suited to explain the
available empirical data on the transfer process. The analyses suggested that
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knowledge acquisition during training alone cannot predict transfer processes into
the classroom and ultimately to students, as described in the Knowledge-to-Prac-
tice models. Furthermore, the analyses indicated that the evaluation of the training
itself may not be the sole determining factor for subsequent learning and transfer
processes, as proposed by the Reaction-to-Training models, since these models also
failed to satisfactorily explain the empirical data. Practice-to-Belief models assume
that shifts in professional beliefs occur gradually and require significant effort and
reflection, primarily resulting from positive experiences with changed behavior.
This assumption was not supported by the analyses either, possibly because post-
measurements were conducted too shortly after the training to capture such delayed
changes.

Regarding the Knowledge-Skills-Beliefs model, the results differed based on the
data the model was fit to. Based on the RCT and quasi-experimental studies only,
the model fit was reasonable, meeting three criteria, one of which was close to the
cut-off value. However, the Knowledge-Skills-Beliefs model, which assumes that,
in addition to acquiring knowledge, participants develop skills and more positive
beliefs toward the training content, failed to achieve an acceptable model fit to
describe the data adequately, based on the full available data and the studies that
provided data for all models.

However, one group of models, the Willingness-to-Change models, achieved
a good model fit in three out of four indices and, therefore, represented a frame-
work well suited to describing the available data on the transfer processes. However,
attention should be paid to the factors distinguishing the suitable models from the
less suitable ones. Models summarized in the present study, under the term Will-
ingness-to-Change model, differed from the other models primarily in their assump-
tion that teacher training programs can influence the willingness to make changes
in practice and that this willingness can drive changes in professional beliefs and
teaching practices.

The current analysis supported this assumption as teacher training showed a sig-
nificant influence on changes in teachers’ willingness to engage in the change pro-
cess, and this further resulted in significant influences on changes in teachers’ skills,
beliefs, and teaching practices, a pattern that also shows in the base correlations,
and is in line with previous research (Akin-Sabuncu & Calik, 2023; Azizatur et al.,
2021). While all relevant paths were statistically significant across different model
variants, the size of the path estimates varied depending on the dataset used for
model estimation, likely due to the limited amount of data available for associations
involving willingness to change in the reduced datasets.

If the training enhances participants’ willingness to actively attempt changes in
their teaching, it increases the likelihood that these changes will also have a posi-
tive impact on students. Multiple reviews have suggested that teachers’ motivation to
participate in professional development, such as teacher training, should be strength-
ened (Dunst et al., 2015; Kennedy, 2016; Timperley et al., 2008). However, it may
be that the motivation to implement concrete changes triggered during the training
itself is the key factor in achieving long-term improvements for students.

However, our analyses did not support all the assumptions described in the
Willingness-to-Change model. Empirically, teachers’ professional beliefs were
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influenced by participation in teacher training and teachers’ willingness to change;
however, these beliefs did not predict realized teaching practices, a pattern that
was consistent across all three analyses. This raises questions about why only some
cascading effects occur and calls for future research to investigate the relation-
ships between the variables strengthened through training. Interestingly, the same
assumption was made in the Knowledge-Skills-Beliefs model, which was also not
supported by the present results. Notably, even in the RCT subsample, where this
model achieved good overall fit, the path from beliefs to teaching practice remained
non-significant (see Supplement H and I). This finding further contradicts the prom-
inence of attitude-focused research in the IE literature, which is based on the Theory
of Planned Behavior (Ajzen, 1991), assuming that internal beliefs drive teaching
behavior. One possible explanation is that the beliefs captured in evaluation stud-
ies reflect surface-level beliefs that can be influenced in the short term by teacher
training and social desirability but may have a limited impact on teaching behavior,
especially under real-world school conditions. Moreover, the constructs beliefs and
practice themselves are conceptually distant as beliefs are typically assessed through
self-reports in questionnaires, which may reflect idealized self-perceptions, whereas
teaching practices (although also often self-reported) refer more directly to concrete
actions and actual implementation in the classroom. In this context, potential differ-
ences between general attitudes towards IE and the perception of inclusive teaching
strategies (both of which were included under the construct of professional beliefs
in the present study) should be acknowledged. It is conceivable that changes in the
perception of inclusive strategies are more closely linked to changes in teaching
practice. However, due to limited data availability, this aspect could not be exam-
ined separately in the current analysis. Further, the path from professional beliefs
to teaching practice could be partially attributable to underpowered primary stud-
ies or inconsistent measurement strategies, which will be discussed below. Still, the
influence of attitudes on behavior has been questioned before (Giilsiin et al., 2023).
The present findings thus align with previous research, which shows that attitudes
towards IE have a relatively minor influence on teaching behaviors (Glilsiin et al.,
2023; Sharma & Mannan, 2015). Additionally, the research indicates that teaching
behaviors are more likely to change than professional beliefs through training par-
ticipation (Behrmann & Souvignier, 2015). Although differently proposed by both
the Willingness-to-Change model and the Knowledge-Skills-Beliefs model, belief
change triggered during the teacher training and assessed directly after the training
ended may not yet be strong enough to influence teaching practice in the classrooms
but may take more time to unfold and support long-term changes in teaching prac-
tices (Guskey, 2002).

Still, attitudes and changes in attitudes are most commonly used to measure
the success of teacher training participation in improving student outcomes (Don-
ath et al., 2023). Instead, self-efficacy should be assessed, as it aligns more closely
with behavior and exhibits greater predictive value (Giilsiin et al., 2023). Alongside
self-efficacy, willingness to change should be more consistently assessed in evalu-
ation studies. Motivational learning theories (Eccles & Wigfield, 2000; Knowles,
1984) emphasize the importance of relevance and self-determination in the change
process—factors that are closely reflected in the construct of willingness to change.
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Assessing this psychological readiness to alter teaching practices may therefore be
a stronger predictor of actual change than professional beliefs. Although the beliefs
regarding IE in the present study did not significantly influence changes in teaching
behavior, it is still conceivable that teachers’ attitudes affect how they interact with
students, as well as their teaching methods. The results of this study contradict the
literature on IE, which repeatedly argues that attitude is crucial for the implementa-
tion of IE (Lindner et al., 2023). Therefore, the significance of attitude for teach-
ing practice, and in particular its effects on students, should be further examined in
detail in future studies.

In general, the proposed factors influencing teaching practice, knowledge, will-
ingness, skills, and beliefs did not show large effect sizes on changes in teach-
ing practices, and 73% of the observed variance of changes in teaching practices
remained unexplained. A possible explanation could be that what is realized in the
classroom is not only influenced by the proposed variables but also by the circum-
stances in the school, such as a supportive administration and colleagues, as well as
available resources and materials, which do not change simply because one teacher
participates in a teacher training program. The present study provides some hints
that support in schools can enhance change processes, as training conducted for
teaching assistants and teachers together led to larger effect sizes. Several factors
could explain this pattern. First, teaching assistants often have less formal training
than teachers, which may make them more receptive to new learning. Unlike expe-
rienced teachers, they may not need to reconcile new knowledge with previously
acquired professional beliefs and practices, allowing for a more straightforward
application of training content. Second, teaching assistants may enhance collabora-
tion between teachers and support staff, leading to more effective implementation
of new practices. Future studies that utilize and examine the Willingness-to-Change
model could, for example, incorporate school framework conditions into their anal-
yses. Although these conditions, along with teachers’ learning prerequisites, were
not considered in the present analysis, they should not be overlooked. Since actions
never take place in a vacuum, and school environments can vary significantly while
also having a substantial impact on implementation (NTmante et al., 2025), these
factors should be investigated. They may also contribute to explaining the variance
in the effectiveness of training programs.

Beyond contextual factors related to the school environment, future research should
also explore how willingness to change can be actively supported and fostered during
teacher training, as well as how it is related to other aspects addressed in teacher train-
ing, such as the acquisition of knowledge, skills, and beliefs. Training success depends
mainly on teachers’ ability to assess what is valuable for their classrooms and what
is not (NImante et al., 2025). This ability should be actively fostered through training
design by encouraging reflection on current practices, evaluating them in light of new
approaches, and identifying meaningful changes. These can be triggered by reflec-
tive processes, for example, by encouraging teachers to reflect on specific students or
teaching challenges and to relate the training content directly to their own classroom
experience and prior knowledge. Adult learning and motivation theories (Eccles &
Wigfield, 2000) suggest that perceiving content as relevant and practically feasible is
essential for engagement and change. To support this, teachers need dedicated time
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and space to plan implementation, including determining first steps, adapting meth-
ods to their specific contexts, and developing concrete integration strategies. Kennedy
(2016) found that training programs focused solely on knowledge delivery tended
to produce smaller effect sizes than those designed to spark insight and motivation.
If motivation is a key driver of change, it is worth reconsidering the role of manda-
tory professional development, as simply requiring participation does not guarantee
meaningful learning (Kennedy, 2016). Instead, whole-school training should prioritize
fostering motivation, emphasizing the benefits of new practices, and actively engag-
ing educators in the change process. To evaluate the effectiveness of such measures,
willingness to change should be assessed before, after, and well beyond the training to
capture both immediate and long-term effects.

In summary, these results suggest that professional development may have a posi-
tive impact on both teachers and students. Since the most complex model had the
best fit, it can also be concluded that the learning and transfer processes are accord-
ingly rather complex as well. The present results also support a recent research trend
that emphasizes the importance of teachers’ willingness to change, suggesting that
this motivation should be strengthened in training programs. Without a focus on
willingness to change, teacher training may increase teacher knowledge but fail to
produce concrete changes in classroom practice.

Limitations

A key limitation of this meta-analysis is rooted in the considerable variability of
the included studies, as data were drawn from rather diverse contexts. While the
applied MASEM approach allowed for synthesizing findings across studies, it can-
not replace direct hypothesis testing using primary data. This is particularly relevant
for the Willingness-to-Change model and other tested models, which should ideally
be evaluated using datasets specifically designed to capture all relevant variables.
However, no single study among the collected studies included all the variables nec-
essary to test the Willingness-to-Change model directly, nor was a complete dataset
available for most of the other models. This also influenced the number of samples
on which the models were based. To address this issue, the analyses were repeated
using a common data subset that included all variables, which yielded similar con-
clusions, albeit with lower fit indices. Moreover, several model paths were based
on very limited data, particularly those involving teachers’ reactions to training and
student-level outcomes. Although assessments at the student level are often complex
to plan (Kowalski et al., 2020), they are highly relevant to evaluating the success of
teacher training, as this is the level where improvements are targeted.

Another limitation arises from the heterogeneity of measurement methods used
across the primary studies. Variables were assessed using a wide range of instru-
ments (see Supplement C and E), which may capture different facets of the same
construct and vary in their alignment with the specific training content. This hetero-
geneity is partly due to the broad spectrum of professional development programs
included in the review, which targeted diverse aspects, particularly concerning teach-
ing practices and student outcomes, and thus employed different tools to capture
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change in those areas. In addition, these constructs are often associated with higher
assessment effort (e.g., classroom observations or student testing), making them
less frequently assessed in primary studies. Many measures relied on self-report,
although constructs like knowledge or teaching practice could also be assessed
through objective tools such as tests or classroom observations. A recent meta-anal-
ysis (Donath et al., 2023) found no systematic differences in training effects based
on measurement method, including teachers’ knowledge and teaching practice, as
well as student outcomes. In the present meta-analysis, such effects were difficult to
isolate, as effect sizes represent associations between variables and may therefore be
shaped by the combination of methods used. Importantly, measurement methods can
also influence the similarity between constructs; for example, several self-reported
measures may appear more strongly associated with each other than when one of
them is assessed through an objective method. Some constructs inherently rely on
self-reported measures (such as beliefs or self-perceived skills), which contributes to
their methodological similarity; however, the previous meta-analysis demonstrated
that these constructs still differ significantly from one another, indicating that they
capture distinct underlying dimensions. Due to data limitations, it was not possible
to restrict analyses to datasets using only one method per construct. Therefore, we
were dependent on the available heterogeneous data, underlining the need for future
studies with more consistent and qualitative measurement approaches.

Thirdly, effect sizes reported in the included studies may be overestimated. This
risk stems from two main factors: the generally low statistical power and quality
of many primary studies, as well as the frequent use of post-measurements con-
ducted immediately after the intervention (Donath et al., 2023; Kennedy, 2016).
Both factors are known to inflate effect estimates, a pattern also observed in the pre-
sent study, where lower study quality was associated with larger effect sizes, par-
ticularly as the impact of training often fades over time (Sims et al., 2023). While
some argue that the effects of teacher training may develop gradually (e.g., Clarke
& Hollingsworth, 2002; Imants & Van der Wal, 2020), the timing of measurement
remains a critical issue. Additionally, many intervention studies included in the
analysis evaluated programs that were more intensive than what is typically imple-
mented in practice (Cramer et al., 2019; Donath et al., 2023), which may further
contribute to inflated effect estimates. These factors may also have influenced the
model calculations in this meta-analysis, potentially distorting the estimated strength
of associations between variables. Although z-transformation could help mitigate
the impact of large effect size variations across studies, it is currently not possible
to apply z-transformation within the OMASEM framework (Jak & Cheung, 2020),
which represents a limitation. Therefore, it is essential that the proposed models are
further tested using high-quality primary data specifically designed to capture long-
term outcomes and more realistic training settings. To mitigate these concerns, we
repeated the model analyses using only data from studies with randomized or quasi-
experimental designs. These analyses again supported the Willingness-to-Change
model and also indicated acceptable fit for the Knowledge-Skills-Beliefs model.
Overall, these limitations highlight the need for future primary research to employ
robust study designs and comprehensive data collection, thereby validating and
refining the tested models.
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A fourth potential concern is slight study bias, although the bias appears to mani-
fest in an unexpected direction in this case. In the present study, the higher power
of the studies was related to the longer duration of the investigated teacher train-
ing, which might explain the observed bias. No differences were observed between
published and unpublished studies. These factors underscore the need for further
primary research, incorporating comprehensive data collection and robust study
designs, to validate and refine the tested models.

Conclusion

Future research should integrate established theories on transfer processes when design-
ing and evaluating teacher training programs (Ahadi et al., 2024), with the present
study suggesting the Willingness-to-Change model as a promising framework for this
purpose. Aligning research designs and professional development models more closely
with teacher motivation and learning motivation can lead to deeper insights and more
effective training outcomes (Kennedy, 2016). All models discussed in this study share
that knowledge acquisition is necessary for the change process (Sims et al., 2023). How-
ever, on its own, it is insufficient to predict successful transfer. Knowledge may fail to
drive lasting change if it cannot be meaningfully integrated with prior understanding or
fully grasped to make classroom application feasible (Gregoire, 2003; Sims et al., 2023).
Therefore, training effectiveness should be evaluated across multiple teacher-related
dimensions (Ahadi et al., 2024). Future research should address aspects of teacher
agency, especially teachers” willingness to change and their self-efficacy for IE, as these
may critically mediate whether and how training content translates into practice.

As discussed in the limitations, future studies might address issues of study qual-
ity, including valid understandings of training impact, qualitative measures of varia-
bles relevant to assessing training effectiveness, and especially in long-term designs
that capture effects at both the teacher and student levels (NTmante et al., 2025). As
highlighted by the low power of the primary studies in this MASEM study, large-
scale, randomized, and quasi-experimental studies on teacher training remain scarce,
particularly those that include student data (Kowalski et al., 2020). Since transfer
processes are complex rather than linear, evaluating teacher training poses signifi-
cant challenges (King et al., 2023). However, it is essential to include data collection
at the student level to make meaningful statements on training success. If research
continues to neglect conducting high-quality studies with large sample sizes at both
the student and teacher levels, as well as comparisons with control groups, conclu-
sions and review studies will remain limited by the lack of high-quality data.

Overall, this study demonstrated that complex processes underlie the transfer of
knowledge acquisition to practice in teacher training, as well as improvements in
students’ behavior. Consequently, considerable future research is needed to further
understand and support teachers and students in an educational system that is con-
stantly facing changes implemented by political systems and technological advance-
ments. Without a solid understanding of why and how teacher training can be effec-
tive, changes across the educational system may be implemented inefficiently at best
and, at worst, be a mere paper-pushing exercise.
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