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Executive summary 

The aim of the WP3 in the EffecTive project was to understand how teacher training can best support the 
development of teachers’ Pedagogical Digital Competence, improve classroom practice and ultimately contribute 
to student learning and equity in technology-enhanced education. A central assumption of the project was that 
more complex training designs, which combine Knowledge Instruction, Collaborative Design, Situated Learning 
and Mentoring/Coaching, would lead to stronger effects than simpler formats. 

The evaluation was guided by three core hypotheses defined in Deliverable D3.1. First, the Complexity Effect 
(H1) assumed that training designs combining multiple components (e.g., Knowledge Instruction, Collaborative 
Design, Situated Learning, Mentoring/Coaching) would lead to stronger gains in teachers’ Pedagogical Digital 
Competence than simpler formats. Second, the Transfer Effect (H2) examined whether these gains extend 
beyond teacher-level outcomes to changes in classroom practice and, where possible, student learning. Third, the 
Equity Effect (H3) tested whether more complex training contributes to improved student outcomes and 
reduced disparities, and whether effects depend on teacher and student characteristics as well as contextual 
factors. 

To test our hypotheses and examine our core assumption, the consortium implemented a large-scale intervention 
study across five countries (Estonia, Austria, Germany, Finland, and Israel). In total, 27 intervention studies were 
conducted, involving 458 teachers (both pre-service and in-service), with student-level data collected in a subset 
of cases (729 students). The work unfolded in two phases. The pilot phase involved around 15 studies with 
approximately 400 teachers and focused on testing training designs, instruments and feasibility in real contexts. 
The subsequent intervention phase applied a harmonised research design to systematically evaluate the effects of 
different training formats across multiple cases. 

The results show that teacher training does make a difference, but not in a simple or linear way. Across 
cases, participation in training was generally associated with positive changes in teachers’ digital competence, self-
efficacy, and intentions to adopt new practices. However, increasing the complexity of training did not 
consistently lead to stronger outcomes. While some combinations of training elements showed advantages in 
specific contexts, these effects were selective rather than generalisable. 

A more consistent pattern emerged when looking at how different types of training support different kinds of 
outcomes. Knowledge Instruction appeared sufficient for developing basic understanding, while adding 
Collaborative Design often strengthened teachers’ readiness to apply what they learned. The most promising 
results for connecting training to actual teaching practice were observed when Situated Learning was 
included, particularly in cases where teachers had time and opportunity to apply new approaches in authentic 
settings. However, even here, the benefits depended strongly on how these elements were implemented. Simply 
adding a component, such as a mentoring session or a situated task, was not enough to produce measurable 
change. 
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At the same time, the findings highlight that changes in teachers’ knowledge, confidence, and intentions do not 
automatically translate into changes in classroom practice. Transfer to teaching was often partial and context-
dependent, and student-level effects, while present in some cases, were selective rather than widespread. This 
suggests that changing classroom routines is a more demanding and slower process than changing teachers’ 
perceptions or beliefs. 

Another important finding is that training effects depend strongly on the participants themselves. Teachers 
entered training with different levels of prior competence, motivation, and self-regulated learning skills, and these 
differences shaped outcomes. In several cases, baseline levels were the strongest predictors of post-test results. This 
indicates that the same training design does not work equally well for all teachers, and that more complex formats 
may even increase variability in outcomes rather than reduce it. 

From an equity perspective, the results provide only limited support for the assumption that more complex 
training reduces differences between learners. While some improvements in student outcomes were observed, 
there was no consistent evidence that training systematically reduced performance gaps. This suggests that equity 
does not emerge automatically from training design and requires more targeted approaches. 

Our findings have important implications for both practice and policy. The results do not support the idea that 
training should simply become more complex by adding more components. Instead, they point to the importance 
of coherence, alignment, and feasibility. Training is most effective when it is clearly connected to teachers’ 
everyday work, provides opportunities for application, and is supported by sufficient time and organisational 
conditions. In particular, approaches that combine knowledge input with meaningful opportunities to apply it 
in practice, such as Knowledge Instruction combined with well-implemented Situated Learning, appear more 
promising than fragmented or overly complex designs. 

For decision-makers, this means that the key question is how to design training that is realistic, relevant, and 
sustainable in practice. Short, fragmented interventions, even if theoretically well-designed, are unlikely to 
produce lasting change. Overall, the cases in the EffecTive project suggest a shift in perspective: from asking 
whether more complex training is better, to understanding what kind of training works, for whom, 
and under which conditions. 
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Abbreviations 
PDC Pedagogical digital competence  

Methods 

KI Knowledge instruction 

CD Collaborative design 

SL Situated learning  

M Mentoring / coaching 

C Control group 

School context 

sc_inf_collab Teachers informal collaboration 

Teacher demographic variables 

dem_work_exp Teaching experience in years 

Teacher Outcomes 

Tech_pot Technological Potential of ICT - knowledge outcomes 

EdPsych Educational Psychology Principles of ICT - knowledge outcomes 

DC Perceived Digital Competence 

DC_GenAI Perceived Digital Competence with the focus on GenAI 

SE_DT Self-Efficacy for Digital Teaching  

SE_SRL_II Self-Efficacy for Self-regulated learning through indirect instruction 

SE_SRL_DI Self-Efficacy for Self-regulated learning through direct instruction 

SE_SRL_global Self-Efficacy for Self-regulated learning through combined indirect and direct instruction 

SSS_global Teachers’ Situation specific skills based on scenario evaluation - global score of perception, 
interpretation and decision making 

SSS_LP Teachers’ Situation specific skills based on lesson plan reflection - global score of perception, 
interpretation and decision making 

Own_SRL Teachers’ own SRL skills  

Own_MSLQ Teachers’ own learning strategies 

Own_MSLQ_reh Teachers’ own learning strategies for rehearsal 

Own_MSLQ_elab Teachers’ own learning strategies for elaboration 

Own_MSLQ_ effreg Teachers’ own learning strategies for effort regulation 

Own_MSLQ_peerlearn Teachers’ own learning strategies for peer learning & help seeking 

Adoption Intended adoption (of new learnt technology-enhanced practices) 

ICAP_p Technology-integration practices based on ICAP - passive engagement practices 

ICAP_a Technology-integration practices based on ICAP - active engagement practices 

ICAP_c Technology-integration practices based on ICAP - constructive engagement practices 

ICAP_i Technology-integration practices based on ICAP - interactive engagement practices 

Tech_qual_gl_LP Technology integration quality based on scoring of lesson plans 

Tech_qual_LP Technology integration quality in teaching quality  
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Tech_expl_LP Technology integration quality in technology exploitation 

Incl_awar Inclusion awareness  

EVC_exp Expectancy for success 

EVC_tv Task value 

EVC_c Perceived cost 

Student background variables 

s_dem_gender Student gender 

s_dem_ses Student socio-economic status 

s_dem_sen Student special education needs 

s_dem_migr_backgr Student migration background (1st, 2nd, or 3d generation) 

s_dem_migr_belong Student belongs to ethnic group who is the majority of people in the country of residence 

s_dem_lang_home Student mother tongue 

Student Outcomes 
St_SRL Students’ SRL skills 

St_MSLQ_global Students’ learning strategies  

St_mslq_cogn Students’ cognitive regulation skills 

St_mslq_mc Students’ metacognitive regulation skills 

St_mslq_res Students rehearsal skills  

St_subskills Students’ subject-specific skills 

St_subj_int Students’ subject-specific interest 

St_SE_DT_pre / post Students’ digital self-efficacy, pre or post 

St_SE_DT_info Students digital self-efficacy for information and data literacy 

St_SE_DT_digcont Students’ digital self-efficacy for digital content creation 

St_SE_DT_psolv Students’ digital self-efficacy for problem solving 

St_SoB_pre /post Students’ sense of belonging 

St_teach_rel Students’ relationship with teacher 

St_emo_eng Students’ emotional engagement 

St_ICAP_global Students’ technology-integration practices based on ICAP 

St_ICAP_p Students’ technology-integration practices based on ICAP - passive engagement practices 

St_ICAP_a Students’ technology-integration practices based on ICAP - active engagement practices 

St_ICAP_c Students’ technology-integration practices based on ICAP - constructive engagement practices 

St_ICAP_i Students’ technology-integration practices based on ICAP - interactive engagement practices 
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1. Introduction  

How can teacher training effectively support the development of Pedagogical Digital Competence (PDC) and 
ultimately improve student learning in technology-enhanced classrooms? This question lies at the core of the 
EffecTive project. 

Building on the theoretical and policy foundations established in Deliverable D1.1 (ref) and the design principles 
outlined in D1.2 (ref), the project developed and implemented a series of structured teacher training interventions 
across five countries (Estonia, Austria, Germany, Finland, and Israel), as specified in Deliverable D2.1 (ref). These 
interventions were designed to vary systematically in their level of training complexity by combining different 
learning approaches, including Knowledge Instruction (KI), Collaborative Design (CD), Situated Learning (SL), 
and Mentoring/Coaching (M). Deliverable D3.1 (Ley et al., 2024) defined the overarching research design, 
hypotheses, and harmonised measurement framework guiding both the pilot and intervention phases. Building 
on this foundation, the present deliverable (D3.2) reports the empirical results of the intervention studies and 
provides a cross-case synthesis of findings. 

The primary aim of D3.2 is to evaluate whether and how these training designs contributed to the 
development of teachers’ PDC, their transfer into classroom practice, and, where possible, student-level 
outcomes. While the underlying assumption of the project is that more complex training designs lead to stronger 
effects, the results presented in this deliverable suggest a more differentiated pattern. Rather than a simple 
linear relationship, training effectiveness appears to depend on a combination of factors, including teachers’ prior 
competence, their ability to regulate learning, and the conditions under which training is implemented. 

The analyses are structured around three core hypotheses defined in D3.1. First, the complexity hypothesis 
(H1) examines whether increasing the number and integration of training components leads to stronger gains in 
teachers’ PDC. Second, the transfer hypothesis (H2) addresses whether these gains translate into higher 
adoption and more effective technology integration in classroom practice. Third, the equity hypothesis (H3) 
considers whether training contributes to improved student outcomes and reduced performance disparities. 

The evaluation builds on a competence-as-continuum perspective, in which teachers’ PDC develops from 
cognitive and motivational dispositions, such as knowledge and self-efficacy, toward situation-specific skills and 
observable classroom performance (Blömeke et al., 2015). Training interventions are assumed to support this 
progression, but not in a uniform or automatic way. The concept of training complexity reflects the degree to 
which different learning mechanisms are combined within professional development. While integrating elements 
such as collaborative design, situated learning, and mentoring is expected to support deeper learning and transfer, 
it also increases the demands placed on participants. As a result, more complex designs do not necessarily produce 
stronger effects, but instead create conditions under which outcomes depend more strongly on individual 
engagement and contextual factors. 
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From this perspective, improvements in teachers’ PDC are expected to influence classroom practices,  
which may in turn affect student learning and inclusion. However, recent research suggests that these 
relationships are often indirect and shaped by multiple mediating processes. Accordingly, this deliverable does 
not only examine whether more complex training is more effective, but also considers the extent to which specific 
training components align with specific outcomes. 

The intervention phase consisted of multi-site quasi-experimental studies conducted across the participating 
countries. All studies followed a harmonised pre–post design and applied a shared set of core instruments to 
ensure comparability, while allowing for necessary adaptations to local contexts. The deliverable first presents an 
overview of the intervention studies and methodological approach, followed by the results of individual country 
cases and a cross-case synthesis. It concludes with implications for the subsequent meta-analytic and cost-
efficiency analyses conducted in Work Package 4. 

2. Overview of Intervention Studies 

2.1 Summary of Study Designs 

Building on the training design framework specified in Deliverable D2.1 (Seufert et al., 2024) and the research 
design defined in D3.1 (Ley et al., 2024), the consortium implemented the intervention phase across five 
countries: Estonia (TLU), Austria (UWK), Germany (UULM and UAU), Finland (UOULU), and Israel (TAU). 

Across the consortium, a total of 27 intervention studies were conducted, covering six distinct training 
conditions. These conditions varied in their level of training complexity, operationalised as combinations of the 
following training methods: Knowledge instruction (KI), Collaborative design (CD), Situated learning (SL) and, 
in one case, Mentoring/coaching (M).  The realised training conditions covered: two-method combinations (e.g., 
KI + SL), three-method combinations (e.g., KI + CD + SL) and in one case, fully integrated formats (KI + CD + 
SL + M). 

Target Group and Sample 

The intervention studies included both: 

● Pre-service teachers (314 participants), 
● In-service teachers (154 participants), 

All studies followed a pre-post quasi-experimental design, with most including control groups (waiting-list or 
parallel comparison groups), in line with the recommendations of D3.1. 
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Harmonisation and Comparability 

To ensure cross-case comparability: 

● Core instruments defined in D3.1 were applied across cases, 
● Pre- and post-measurements were temporally aligned, 
● Control variables were collected using shared templates, 
● Data preparation followed agreed consortium procedure. 

At the same time, contextual adaptations were necessary due to differences in institutional settings (e.g., 
academic calendars, programme structures, and participant availability). These adaptations affected 
implementation details (e.g., duration, sample sizes, availability of control groups), but the overall intervention 
logic and measurement framework remained consistent across sites. 

In the following table all intervention studies are presented. 

Country Partner # studies  # conditions Pre-service 
teachers 
(N) 

In-service 
teachers 
(N) 

Control group 
(Y/N/Partial) 

Student data (Y/N) 

Estonia TLU 3 6 xx 24 Partial Y 

Austria UWK 2 4 19 6 N N 

Germany UULM 4 8 47? 11 N N 

Israel TAU 2 4 29 50 Partial Y 

Finland OULU 1 2 107 0 N N 

Germany UAU 1 2 31 0 N N 

2.2 Implementation overview 

Prior to the main intervention phase, the consortium conducted an extensive piloting phase comprising 15 
pilot studies involving approximately 400 teachers across partner institutions. The purpose of this phase was 
to test the feasibility of the training designs, refine measurement instruments and identify practical 
implementation challenges in diverse educational contexts. The piloting phase revealed several important 
constraints, including variability in instrument performance, challenges in securing control groups, and 
differences in institutional conditions affecting implementation. These insights directly informed the design of 
the main intervention phase, leading to a more focused selection of core instruments, clearer implementation 
guidelines, and increased alignment across partners. 
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The intervention phase was implemented between autumn 2024 and winter 2025 across all participating 
countries. The rollout followed the harmonised protocol defined in D3.1, while being adapted to local 
institutional contexts. 

Standardised Implementation Phases 

All intervention studies followed a common four-phase structure: 

1. Pre-assessment - collection of baseline data (e.g., knowledge, self-efficacy, adoption, background 
variables). 

2. Training delivery - implementation of the assigned training condition (KI, CD, SL, M combinations). 
3. Classroom implementation and reflection - application of training content in authentic or simulated 

teaching contexts (where applicable). 
4. Post-assessment - collection of outcome measures aligned with hypotheses H1–H3. 

This approach ensured a common evaluation logic, while allowing flexibility in delivery. 

Duration and intensity: Intervention duration varied across cases, ranging from short, intensive formats (a 
few weeks) to extended formats (semester-long or longer). This variation reflects contextual constraints (e.g., 
course structures, school schedules) rather than deviations from the agreed design. 
 
Fidelity and harmonisation  

To support implementation fidelity across sites: 

● All partners applied the shared training taxonomy (KI, CD, SL, M), ensuring that training conditions 
were conceptually comparable despite contextual variation in delivery. 

● Training content was aligned with the Pedagogical Digital Competence (PDC) framework (D1.1), 
design framework (D1.2) and research framework (D3.1) providing a common theoretical foundation 
for competence development across interventions. 

● Core measurement instruments defined in D3.1 were implemented consistently, enabling cross-case 
comparability of key outcomes. 

● Data collection, coding, and preparation procedures followed agreed consortium guidelines, including 
shared templates and documentation protocols. 

● Regular consortium meetings and methodological workshops were held throughout the implementation 
phase to monitor progress, clarify procedures, and resolve emerging issues. 

Together, these measures ensured a high degree of methodological alignment across cases, while still allowing for 
necessary local adaptations. 
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Deviations and Contextual Constraints 

Despite harmonisation efforts, some variation occurred across cases in: 

● Availability and type of control groups, 
● Sample sizes and group balance, 
● Duration and depth of classroom implementation, 
● Availability of student-level data (limited to a subset of cases). 

These variations reflect real-world implementation conditions and are taken into account in the 
interpretation of results (Section 4) and in the cross-case synthesis and meta-analytic modelling (WP4). 

3. Methodological approach 

3.1 Research design 

The intervention studies reported in D3.2 build on the research design described in D3.1 (Ley et al., 2024), which 
provided the common theoretical and methodological framework for the consortium. D3.1 specified the central 
assumption that the effectiveness of teacher training depends on the design and complexity of the training 
methods used, including Knowledge Instruction (KI), Collaborative Design (CD), Situated Learning (SL), and 
Mentoring/Coaching (M). 

While D3.1 outlined a coherent design logic, the implementation of intervention studies across different 
countries and contexts required case-specific adaptations. Differences in institutional settings, participant 
availability, school access and data collection feasibility led to variation in study designs, sample sizes, and 
outcome availability. D3.2 therefore reports the empirical realisation of the design framework, rather than a 
fully standardised implementation. 

In D3.1, increasing training complexity was conceptualised as the gradual integration of more situated and social 
learning components into teacher training. KI was treated as the baseline method, primarily targeting teachers’ 
technological and pedagogical knowledge. CD was expected to support integrated knowledge, design-related 
skills, attitudes, and self-efficacy. SL was expected to strengthen situation-specific skills, perceived value, 
adoption, and classroom transfer. M was expected to support implementation, confidence, and sustained 
adoption through ongoing guidance and feedback. 

D3.2 evaluates these assumptions at three interconnected levels: 

● Teacher-level outcomes (H1): Whether different training designs contributed to outcomes related to 
teachers’ Pedagogical Digital Competence (PDC), including knowledge, digital competence, self-
efficacy, attitudes, and situation-specific skills. 
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● Transfer and student outcomes (H2): Whether training effects are reflected in classroom-related 
outcomes, such as intended adoption, technology-integration practices, lesson-plan quality, and (where 
available) student outcomes. 

● Contextual and equity-related effects (H3): Whether training effects depend on participant readiness 
and implementation context, including prior competence, teachers’ Self-regulated learning (SRL) skills, 
school support, collaboration, and student-level characteristics. 

At the same time, D3.2 adopts a more cautious interpretation than the initial design assumptions. Rather than 
testing a simple “more complex is better” hypothesis, the analyses examine whether specific training components 
are associated with specific outcome patterns. Thus, findings are interpreted both in relation to overall training 
complexity and in relation to component-specific expectations: KI for knowledge-related outcomes, CD for 
integrated knowledge and attitudes, SL for situation-specific and transfer-oriented outcomes. However, M was 
implemented in only one case and with limited scope, which limits the ability to draw robust conclusions about 
its added value across the intervention studies. 

Detailed methodological specifications, theoretical foundations and the full intervention logic are provided in 
D3.1. In contrast, D3.2 focuses on the empirical evidence across cases, including the training conditions 
implemented, the outcomes measured, the analytical approaches used, and the extent to which the results support 
the proposed hypotheses. 

3.2. Constructs and instruments  

To test the project’s hypotheses, the consortium used a harmonised set of measurement instruments across all 
interventions. While the planning phase (D3.1) outlined a broad range of potential measures, the intervention 
phase focused on a core set of mandatory and recommended instruments to ensure cross-case comparability and 
enable later meta-analytic synthesis. Across cases, instruments were organised according to the four levels of the 
evaluation framework. The section below summarises the instruments used in the individual case reports. 

Outcomes related to Hypothesis 1 focused on the main components of teachers’ PDC: 

● Teacher knowledge: Technological and pedagogical understanding was measured using a standardized 
test adapted from Lachner et al. (2019), including:  

○ Technological Potential of ICT (Tech_pot). The maximum score was 20 points. 
○ Educational Psychology Principles of ICT (EdPsych). The maximum score was 12 points. 

● Perceived digital competence and self-efficacy: Teacher beliefs about their competence and confidence 
were assessed using: 

○ Perceived Digital Competence (DC) based on Lucas et al. (2021), with scaling adapted to 
Antonietti et al. (2023) and responses ranging from 1 to 5 (“Not true at all” to “Completely 
true”). In CI1 and CI2, Perceived Digital Competence with the focus on GenAI  
(DC_GenAI) was also measured using a questionnaire assessing individuals’ perceived ability to 
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understand, critically evaluate, and effectively use AI technologies in educational contexts 
(Selcuk et al., 2026).   

○ Self-Efficacy for Digital Teaching (SE_DT), based on van Acker et al. (2013). Likert scale 
ranging from 1 to 7 (“Fully disagree” to “Fully agree”). 

○ Self-Efficacy for Supporting SRL for indirect instruction (SE_SRL_II) and direct 
instruction (SE_SRL_DI)  based on de Smul et al. (2018). Likert scale ranging from 1 to 5 
(“Cannot do at all” to “Highly certain can do”). 

● Teachers’ own SRL-related beliefs and skills: As both an outcome and a potential moderator, 
teachers’ own self-regulated learning  was measured using different but conceptually aligned 
instruments across cases, including: 

○ Own self-regulated learning (Own_SRL) by Karlen et al. (2024). Likert scale ranging from 1 to 
4. 

○ Motivated Strategies for Learning Questionnaire (Own_MSLQ) by Meijs et al. (2019). Likert 
scale ranging from 1 to 5 (“Strongly disagree” to “Strongly agree”). 

● Situation-specific skills: To assess teachers’ professional vision several cases included measures of 
Situation-Specific Skills (SSS) or the subdimensions of perception (SSS_P), interpretation (SSS_I), 
and decision-making (SSS_D), based on the work of Wekerle and Kollar (2021). 

● Inclusion awareness: To assess teachers’ awareness and practices to include students depending on their 
background and needs (Incl_awar). Assessed through 6-point likert scale questions (“Not true to me at 
all” to “completely true to me”), adapted from Siwatu (2007) and Rizk & Hillier (2022).   

Outcomes related to Hypothesis 2 focused on whether teacher learning translated into intended or enacted 
classroom practices:  

○ Intended Adoption: All partners administered the Intended Adoption scale (Ley et al., 2022) 
to measure the intentions for behavior change (Adoption). Likert scale ranging from 1 to 6 
(“Strongly disagree” to “Strongly agree”). 

○ Technology Integration: Actual classroom practices were evaluated using the ICAP 
Technology Scale (Antonietti et al., 2023), which assesses whether technology is used to foster 
interactive, constructive, and active learning modes. Likert scale ranging from 1 to 5 (“I almost 
never”  to “Almost every lesson”). 

○ Lesson plan: All partners implemented lesson plans (Tech_qual_gl_LP) to measure the 
integration of technology (Tech_qual_LP) in teaching quality and technology exploitation 
(Tech_expl_LP), based on Backfisch et al. (2021). 

○ Motivation: In several cases, teachers’ motivation was examined using measures of expectancy 
for success (EVC_exp), task value (EVC_tv), and perceived cost (EVC_c), adapted from Osman 
and Warner (2020). Likert scale ranging from 1 to 6 (“Strongly disagree” to “Strongly agree”). 
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Outcomes related to Hypothesis 3 (Equity) were based on student-level data, which were available only in a subset 
of cases (CT2, CUU1, CUU2, CUU3, CI2). As a result, findings for student outcomes and equity should be 
interpreted with caution and cannot be generalised across all intervention contexts. The following student-level 
data were collected to assess the impact of teacher training on students: 

○ Student SRL: Students' cognitive and metacognitive strategies (St_SRL, St_MSLQ_global) 
were measured using the SRL scale by Karlen et al. (2024) in CT2 (Likert scale ranging from 1 
to 4) and the MSLQ by Meijs et al. (2019) in CUU1, CUU2, CUU3, and CI2 (Likert scale 
ranging from 1 to 5) 

○ Students’ digital self-efficacy: Three facets of students’ digital self-efficacy (Stu_SE_DT) 
were measured using the scale by Ulfert-Bank and Schmidt (2022) in CT2. Likert scale ranging 
from 1 to 6. 

○ Inclusion/Equity: To evaluate the inclusiveness of the learning environment, the students’ 
Sense of Belonging (Appleton et al., 2006; Skinner et al., 2009) was assessed. Likert scale 
ranging from 1 to 4.  

○ Subject-specific skills: Learning gains were assessed using curriculum-aligned measures 
provided by teachers in each case  reflecting the specific content and assessment practices of the 
local context. 

All instruments underwent a process of translation, adaptation, piloting, and localisation before the start of 
the interventions during the period of M6-M13. This process was designed to ensure that the measures were 
culturally and linguistically appropriate for the educational contexts in Estonia, Austria, Germany, Finland and 
Israel, while preserving sufficient conceptual and structural equivalence for cross-case interpretation and 
subsequent pooled analyses. 

3.3 Data analysis  

The data analysis strategy followed the harmonised evaluation framework defined in D3.1 (Ley et al., 2024), while 
allowing case-specific adaptations depending on study design, sample size, and data characteristics. Across cases, 
analyses followed a common logic: (1) assessment of data quality and measurement properties, (2) 
examination of pre-post change, and (3) testing whether outcomes differed between training conditions 
of varying complexity. For the analysis of pooled student data related to hypotheses 2 and 3, standardization of 
scores was also carried out as a result of data quality checks.   

Descriptive analyses and data quality checks - for all variables relevant to H1-H3, partners conducted 
preliminary analyses to describe the data and assess measurement quality. These included descriptive statistics, 
reliability analyses of multi-item scales, correlation analyses among core constructs, inspection of missing data, 
and checks of distributional assumptions. These analyses supported interpretation of the intervention findings 
and helped identify limitations such as small sample sizes, missing post-test data, low reliability of some knowledge 
measures, and potential ceiling effects. Where assumptions for parametric analyses were not met, or where sample 
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sizes were very small, non-parametric alternatives (e.g., Wilcoxon signed-rank tests, Mann–Whitney U tests) were 
applied. 

Primary inferential approach: baseline-controlled comparisons: The main test of training effects relied on 
baseline-controlled models, in which post-test outcomes were analysed while controlling for pre-test scores. 
Depending on the case, this was implemented using ANCOVA or equivalent regression models, which are 
statistically comparable but allow flexibility in modelling additional predictors. This ensured comparability across 
conditions and allowed estimation of the adjusted effect of training complexity, while accounting for initial 
differences between groups. Across cases, pre-test scores consistently emerged as strong predictors of post-test 
outcomes, indicating substantial stability in both teacher and student variables. 

Supporting analysis - change and group differences. To complement the primary models, additional analyses 
were conducted (see more Annexes): 

● Within-group pre-post change was examined using paired-samples t-tests or Wilcoxon signed-
rank tests, to identify whether participants improved over time within each condition. 

● Between-group comparisons were conducted using independent-samples t-tests, Mann-Whitney 
U tests, one-way ANOVA, or Welch’s ANOVA, depending on data structure. 

● Mixed-design ANOVA (Time × Group) was used where appropriate to examine whether changes over 
time differed between training conditions. 

● Multilevel data analysis was used to model the pooled student data, nested within three levels of 
analyses, student level, teacher level and country level. Several models were tested to assess the impact of 
teacher training conditions on student outcomes. 

3.4.1 Testing H1 - Effects on Teachers’ PDC 

H1 examined whether more complex training designs were associated with stronger effects on teachers’ PDC-
related outcomes. Across cases, these included technological and pedagogical knowledge, perceived digital 
competence (DC), self-efficacy for digital teaching (SE_DT), self-efficacy for supporting SRL (SE_SRL_global), 
attitudes and beliefs, and situation-specific skills (SSS). Analyses considered both overall pre-post development 
and differences between training conditions. Where possible, baseline-controlled models 
(ANCOVA/regression) were used to compare post-test outcomes while adjusting for pre-test scores. Effect sizes 
were reported where available to support interpretation and enable later meta-analytic synthesis. 

3.4.4 Testing H2 - Transfer and Student Outcome 

H2 addressed transfer into professional practice and student-level effects. Teacher-level transfer outcomes 
included intended adoption (Adoption) and technology-integration practices (ICAP).  Student-level outcomes 
(where available) included: subject-specific skill (St_subskills), student SRL skills (St_SRL or St_MSLQ_global), 
interest (St_subj_int) and digital efficacy (St_SE_DT). Analyses examined whether training complexity predicted 
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differences in these outcomes across conditions, primarily using baseline-controlled models, complemented by 
descriptive and group comparison analyses. 

3.4.3 Testing H3 - Equity and Multilevel Analyses 

H3 examined whether training complexity contributed to reducing inequalities and whether effects varied across 
learner characteristics. Analyses included descriptive comparisons across demographic groups, multilevel 
modelling (students nested within teachers), where data structure allowed and cross-level interaction tests 
between training condition and student characteristics (e.g., socioeconomic status, migration background, 
baseline SRL). Teachers’ inclusion awareness was also analysed as an outcome where data were available. 

4. Results of Individual intervention studies  

The following section presents the results of the intervention studies conducted by each consortium partner 
during the main implementation phase of WP3. In line with the harmonised analysis protocol defined in 
Deliverable D3.1, results are reported in a structured and comparable format across countries. For each partner, 
findings are summarised with respect to the three core hypotheses of the project: 

● H1 – Complexity Effect (Teacher PDC) 
● H2 – Transfer into Practice 
● H3 – Equity and Student-Level Effects 

Detailed statistical outputs are not reproduced in full; instead, results are summarised at the level of evidential 
strength and direction of effects to ensure clarity and comparability. A cross-case synthesis of patterns across all 
intervention studies is provided in Section 5. 

4.1 TLU: Pre-service and in-service teachers’ pedagogical digital competence 

CT2: The whole-school training programme  

Goal: CT2 examined the effects of a whole-school programme combining knowledge instruction (KI) and 
situated learning (SL). A non-training control group was assessed at the same pre-post time points. The main 
goal was to evaluate whether KI+SL improves teachers’ PDC-related outcomes and whether these changes 
transfer to classroom practice and student learning indicators. 
Length: 12 weeks 

Reliability analysis (see Annex A): In CT2, most self-report scales demonstrated acceptable to excellent 
reliability, including DC, SE, Adoption, motivational measures, and Own_SRL. The ICAP subscales also 
showed acceptable internal consistency, but school-level contextual measures were somewhat more mixed, with 
principal support showing only marginal reliability. In contrast, the knowledge indicators showed very low or 
unstable internal consistency and should therefore be interpreted with caution.  
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CT2: Teacher PDC-related outcomes by condition 
 Conditions 

 CT2.0 CT2.1 

 Non-parallel training group KI+SL 

Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 

DC M=3.08 (.85) N=11 M=2.95 (1.16) 
N=11 

M=2.87 (.66) N=13 M=2.89 (.58) N=13 

SE_DT M=5.21 (1.13) N=11 M=4.79 (1.17) 
N=11 

M=4.85 (.83) N=13 M=3.98 (1.26) N=13 

SE_SRL_DI M=3.49 (.72) N=11 M=3.43 (1.10) 
N=11 

M=3.15 (.71) N=13 M=3.23 (.63) N=13 

SE_SRL_II M=3.45 (.78) N=11 M=3.32 (.85) N=11 M=3.38 (.49) N=13 M=3.20 (.42) N=13 

SSS_global M=.74 (.15) N=11 M=.67 (.36) N=11 M=.61 (.26) N=11 M=.63 (.47) N=11 

H1.3 Control vs KI+SL → Teacher PDC-related attitudes and self-efficacy outcomes 

Overall pre-post pattern: analyses indicated no clear overall improvement in teachers’ PDC-related 
outcomes in CT2. To maintain comparability with the other cases, within-group pre-post changes were 
examined descriptively for both the intervention and control groups, and changes were generally small. In the 
intervention group, SE_DT decreased significantly over time, while SE_SRL_II showed a near-significant 
decline. No clear within-group changes were observed for DC, SE_SRL_DI, or SSS_global. 

ANCOVA results showed no significant group effects for DC, SE_DT, SE_SRL_DI, or SSS_global after 
controlling for baseline levels. The only notable exception emerged for SE_SRL_II, where a significant group × 
baseline SRL interaction indicated that the relationship between training condition and post-test scores varied 
depending on teachers’ initial SRL level. However, this interaction did not indicate a robust overall advantage of 
the KI+SL condition over the comparison group and should be interpreted cautiously. Across the remaining 
outcomes, teachers’ SRL did not significantly moderate the relationship between group and post-test teacher 
PDC-related outcomes. 

Conclusion for H1.3: Not supported. No clear intervention effects were found for teacher PDC-related 
outcomes relative to the comparison group. Although an exploratory moderation effect emerged for 
SE_SRL_II, this did not provide robust evidence of a consistent advantage for the KI+SL intervention. 

CT2: Adoption by condition  
 Conditions 
 CT2.0 CT2.1 
 Non-parallel training group KI+SL 

Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Adoption M=4.35 (.92) N=11 M=3.73 (1.01) 

N=11 
M=4.32 (.90) N=13 M=3.55 (1.07) N=13 
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H2.1 Control vs KI+SL → Adoption 

Overall pre-post pattern: analyses indicated a general decline in motivational and adoption-related 
outcomes in CT2. Descriptive within-group comparisons showed that adoption intentions decreased 
significantly in both the intervention and control groups. 

ANCOVA results showed no significant group effects for adoption after controlling for baseline levels. 
Across outcomes, a pre-test score was the strongest predictors of post-test value. Additional moderation 
analyses showed no robust evidence that principal support, informal collaboration, or the perceived 
importance of digital technology moderated the relationship between training condition and post-test 
motivational outcomes.  

Conclusion for H2.1: Not supported. No significant intervention effects were found for adoption 
intentions, instead post-test scores were primarily explained by their respective pre-test levels, and no robust 
evidence of contextual moderation emerged. 

Table CT2. Technology-integration practices by condition 
 Conditions 

 CT2.0 CT2.1 
 Non-parallel training group KI+SL 

Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
ICAP_a M=3.09 (.93) N=11 M=2.64 (.91) N=11 M=2.82 (.77) N=13 M=2.77 (.79) N=13 

ICAP_c M=2.94 (1.04) N=11 M=2.49 (1.09) N=11 M=2.46 (.42) N=13 M=2.72 (.57) N=13 
ICAP_i M=2.58 (1.10) N=11 M=2.30 (1.05) N=11 M=2.38 (.65) N=13 M=2.36 (.61) N=13 
St_ICAP_p M=2.84 (1.00) N=105 M=2.96 (1.09) N=105 M=3.78 (.97) N=136 M=3.94 (.92) N=136 
St_ICAP_a M=2.64 (1.10) N=105 M=2.74 (1.11) N=105 M=3.35 (.95) N=136 M=3.44 (.91) N=136 
St_ICAP_c M=2.55 (1.05) N=105 M=2.67 (1.10) N=105 M=2.93 (1.02) 

N=136 
M=3.05 (1.07) N=136 

St_ICAP_i M=2.36 (1.04) N=105 M=2.50 (1.17) N=105 M=2.72 (1.18) 
N=136 

M=2.85 (1.18) N=136 

 
H2.2 Control vs KI+SL → Technology-integration practices 

Overall pattern for transfer to classroom practice: analyses indicated no clear intervention effects on 
teachers’ self-reported technology-integration practices in CT2. Descriptive within-group comparisons 
suggested that practices were largely stable across both conditions, with only a near-significant positive trend 
for constructive practices in the intervention group. However, ANCOVA results showed no significant 
group effects for teachers’ active, constructive, or interactive technology-integration practices, and 
exploratory models including teachers’ SRL did not alter this conclusion. 

At the student level, analyses indicated selective and partly conditional differences in perceived classroom 
practices. The clearest effect emerged for active engagement, where the group effect remained significant after 
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controlling for baseline scores and student SRL, although it was qualified by a significant group × SRL 
interaction. For constructive and interactive engagement, no significant group effects were found in the 
simpler models, but significant group effects and significant group × SRL interactions emerged when 
baseline student SRL was included, indicating that these differences depended on students’ initial SRL levels. 
The apparent group difference in passive engagement was not robust after accounting for baseline SRL. 

Conclusion for H2.2: Partially supported. The intervention did not lead to significant changes in teachers’ 
self-reported technology-integration practices, but it was associated with differences in students’ 
perceptions of classroom practices. The clearest evidence was found for active practices, whereas effects on 
constructive and interactive practices were conditional on students’ baseline SRL, suggesting that transfer 
effects in CT2 were more visible at the student-perception level than in teachers’ self-reports. 

CT2. Students’ outcomes by condition 
 Conditions 
 CT2.0 CT2.1 
 Non-parallel training group KI+SL 

Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
St_SE_DT M=3.73 (.80) N=105 M=3.62 (.74) N=105 M=3.80 (.65) N=135 M=3.92 (.82) N=135 
St_SRL M=2.75 (.43) N=105 M=2.81 (.41) N=105 M=2.84 (.44) N=135 M=2.94 (.51) N=135 
St_subj_interes
t 

M=2.49 (.72) N=105 M=2.54 (.55) N=105 M=2.44 (.69) N=135 M=2.57 (.70) N=135 

St_subskills M=66.14 (25.83) 
N=99 

M=69.55 (20.67) 
N=99 

M=69.9 (22.73) 
N=117 

M=75.4 (19.9) N=117 

H2.5 Control vs KI+SL —> Students’ outcomes  

Overall pre-post pattern: analyses indicated small positive changes in student outcomes in CT2, but these 
were not uniform across constructs. Descriptively, both groups showed modest increases over time in 
students’ SRL, subject-specific interest, and subject-specific skills, with somewhat stronger gains in the 
intervention group. The clearest descriptive improvement was observed for subject-specific skills. Because 
CT2 included both an intervention and a control group, the main inferential conclusions were based on 
ANCOVA models controlling for baseline differences. 

ANCOVA results showed no significant group effect for overall student SRL or subject-specific interest, 
although a small positive trend emerged for the motivational SRL subdimension in favour of the intervention 
group. In contrast, significant group effects were found for students’ digital competence and subject-
specific skills, with higher adjusted post-test scores in the KI+SL group than in the comparison group. These 
effects were small to moderate in size, indicating selective benefits of the intervention at the student level. 

Conclusion for H2.5: Partially supported. The KI+SL intervention did not lead to clear improvements in 
students’ overall SRL or subject-specific interest, but it was associated with higher student digital 
competence and better subject-specific skills compared to the comparison group. Thus, in CT2, the strongest 
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student-level effects were observed for learning-related outcomes, while effects on SRL-related outcomes 
remained limited. 

Overall conclusion for CT2: CT2 provides partial support for the effects of the KI+SL whole-school 
professional development programme, but the pattern of findings was selective and stronger at the student 
level than at the teacher level. Across the 12-week intervention, no robust positive effects were found for 
teachers’ PDC-related outcomes, adoption intentions or self-reported technology-integration practices relative 
to the comparison group. By contrast, students in the KI+SL condition showed higher digital 
competence and subject-specific skills, and student-perceived active classroom practices were stronger, 
with additional conditional effects for constructive and interactive practices depending on students’ baseline 
SRL. Taken together, CT2 suggests that KI+SL did not produce broad short-term changes in teachers’ 
self-reported outcomes, but it may have generated selective transfer effects visible in students’ classroom 
experiences and learning-related outcomes. 

CT3: Pre-school pre-service teachers’ pedagogical digital competence  
Goal. CT3 examined the effects of increasing training complexity of a pre-school teacher education course by 
comparing two training variations: knowledge instruction combined with collaborative design and situated 
learning (KI+CD+SL) and knowledge instruction combined with collaborative design, situated learning and 
mentoring (KI+CD+SL+M). The study tested whether adding M to KI + CD + SL leads to additional gains in 
teachers’ PDC-related outcomes and motivational–behavioural intentions. 
Length: 18 weeks. 

Reliability analysis (see Annex A) showed strong self-report measures, with good to excellent Cronbach’s alpha 
values for DC, SE_DT, Adoption and most ICAP dimensions. In contrast, the knowledge dimensions showed 
very low reliability, and SE_SRL_II was only marginal. Overall, CT3 supports the use of most self-report 
constructs, whereas knowledge-based measures should be interpreted cautiously.  

CT3: Teacher PDC-related outcomes by condition 
 Conditions 
 CT3.1 CT3.2 
 KI+CD+SL KI+CD+SL+M 

Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 

DC M=2.79 (.81) N=21 M=3.63 (.68) N=21 M=2.88 (.69) N=10 M=4.07 (.50) N=10 
SE_DT M=6.17 (.72) N=21 M=6.44 (.61) N=21 M=6.37 (.82) N=10 M=6.44 (.68) N=10 
SE_SRL_DI M=2.90 (.91) N=21 M=3.56 (.65) N=21 M=3.40 (.70) N=10 M=3.87 (.55) N=10 
SE_SRL_II M=3.42 (.63) N=21 M=3.93 (.51) N=21 M=3.67 (.67) N=10 M=4.05 (.42) N=10 
SSS_global M=0.54 (.19) N=21 M=0.64 (.29) N=21 M=.44 (.19) N=10 M=0.69 (.33) N=10 

 
H1.3 KI+CD+SL+M → Teacher PDC-related attitudes and self-efficacy outcomes 
Overall pre-post pattern: analyses indicated selective improvement in teachers’ PDC-related outcomes. Across 
the CT3 sample, DC increased significantly, and both SE_SRL_DI and SE_SRL_II improved significantly from 



EffecTive - Efficiency and Effectiveness of Training for Teachers’ Pedagogical Digital Competence 
 

23 

pre- to post-test. Overall SSS_global also increased significantly across the full sample. In contrast, Tech_pot and 
EdPsych knowledge dimensions and SE_DT  did not show similarly consistent overall gains.  

ANCOVA results showed a significant method effect only for DC when controlling for pre-test scores and 
teachers’ SRL, with higher adjusted post-test scores in the KI+CD+SL+M condition than in KI+CD+SL, 
although this effect was not robust when the interaction term was included. No significant method effects 
were found for SE_DT, SE_SRL_DI and SE_SRL_II and SSS_global, or lesson-plan performance. Across 
outcomes, teachers’ SRL did not significantly moderate the relationship between training method and post-test 
teacher PDC-related outcomes. 

Conclusion for H1.3: Partially supported. The more complex training condition (KI+CD+SL+M) showed 
a significant advantage only for digital competence, while no significant method effects were found for self-
efficacy, situation-specific skills. 

CT3: Adoption by condition  
 Conditions 
 CT3.1 CT3.2 
 KI+CD+SL KI+CD+SL+M 

Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Adoption M=4.87 (1.03) N=21 M=5.46 (.45) 

N=21 
M=5.38 (.83) N=10 M=5.18 (.75) N=10 

 
H2.1 KI+CD+SL vs KI+CD+SL+M → Adoption 
Overall pre-post pattern: Paired pre-post analyses showed no statistically significant overall change in 
adoption intentions, the variables appeared relatively stable at the aggregate level, although some descriptive shifts 
were visible across conditions. 

After controlling for baseline scores, the less complex training condition (KI+CD+SL) showed a significant 
positive effect on post-test adoption intentions. No clear moderation effects were found for importance of 
digital technologies, principal support or informal collaboration. 

Conclusion for H2.1: Partially supported. The more complex training condition significantly increased 
adoption intentions. Contextual factors did not show robust interaction effects. 

H2.2 KI+CD+SL+M —> Technology-integration practices, moderated by SRL skills  
 
CT3: Technology-integration practices by condition 

 Conditions 

 CT3.1 CT3.2 
 KI+CD+SL KI+CD+SL+M 

Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
ICAP_a M=2.47 (1.11) N=21 M=3.20 (.87) M=2.63 (.65) N=9 M=3.07 (.85) N=9 
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N=21 

ICAP_p M=2.22 (1.23) N=21 M=2.67 (.81) 
N=21 

M=2.63 (.92) N=9 M=3.29 (.77) N=9 

ICAP_i M=1.92 (1.27) N=21 M=2.73 (1.05) 
N=21 

M=2.26 (.99) N=9 M=3.26 (.83) N=9 

Tech_qual  M=0.80 (.46) 
N=21 

 M=0.80 (.63) N=9 

Overall pre-post pattern: analyses indicated clear positive change in teachers’ self-reported technology-
integration practices in CT3. Across the full sample, significant improvements were observed in all three ICAP 
dimensions: active, constructive, and interactive practices, suggesting that teachers reported using more 
cognitively engaging technology-integration practices over time. 

ANCOVA results showed that these improvements were not consistently attributable to the more complex 
training condition. No significant method effects were found for active or interactive practices, and teachers’ 
SRL did not significantly moderate these relationships. For constructive practices, the baseline model showed 
only a trend-level effect, but when teachers’ SRL was included as an additional covariate, the training method 
became significant, indicating that the more complex condition (KI+CD+SL+M) was associated with higher 
post-test constructive practices. In the moderation model, the interaction between method and SRL approached 
significance but did not reach conventional levels, suggesting a possible but inconclusive tendency for the effect 
to vary by teachers’ SRL. In addition, lesson plan performance did not differ between conditions, with no 
significant between-group differences in teaching quality, technology exploitation, or overall lesson plan quality. 

Conclusion for H2.2: Partially supported. Although teachers in CT3 reported overall improvements in all 
ICAP dimensions, the added mentoring component did not produce broad advantages across all practice-
related outcomes. The clearest evidence for an added-value effect emerged for constructive technology-
integration practices, while active and interactive practices and lesson plan quality did not show robust 
method effects. Thus, in CT3, the more complex training condition appears to have supported selective 
strengthening of cognitively activating practices, rather than broad superiority across all indicators of 
classroom transfer. 

Overall conclusion for CT3 - provides partial support for the added value of the more complex training 
condition (KI+CD+SL+M) relative to KI+CD+SL. Across the training teachers showed overall improvement 
in digital competence, self-efficacy for supporting SRL, situation-specific skills, and self-reported technology-
integration practices across all ICAP dimensions, indicating that the training as a whole was effective. 
However, the added mentoring component did not produce broad advantages across all outcomes. The 
clearest between-condition effects emerged for digital competence and  more selectively, constructive 
technology-integration practices. It suggests that adding mentoring strengthened selected competence-, 
motivation-, and practice-related outcomes, but did not lead to a consistent overall superiority across all teacher 
outcomes. 
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CT4: Pre-service teachers’ general pedagogical digital competence course  
Goal. CT4 examined the effects of increasing training complexity in a general (cross-programme) teacher 
education course by comparing two training variations: knowledge instruction combined with collaborative 
design (KI+CD) and knowledge instruction combined with collaborative design and situated learning 
(KI+CD+SL). The study tested whether adding SL to KI+CD leads to additional gains in teachers’ PDC-related 
outcomes and motivational–behavioural intentions in a broad, non-domain-specific training context. 
Length: 18 weeks. 

Reliability analysis (see Annex A) showed a strong and consistent pattern in CT4. Most multi-item scales 
demonstrated high to excellent internal consistency, whereas the knowledge inventories showed low internal 
consistency, which is expected given that they represent heterogeneous knowledge domains rather than 
unidimensional scales. Correlations among the main constructs are reported in Annex B. 

CT4: Teacher PDC-related outcomes by condition 
 Conditions 
 CT4.1 CT4.2 
 KI+CD KI+CD+SL 

Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 

Tech_pot M=13.3 (1.97) n=31 M=12.3 (1.77) 
n=31 

M=12.6 (1.78) 
n=16 

M=11.7 (1.74) n=16 

EdPsych M=7.61 (1.41) n=31 M=7.48 (1.59) 
n=31 

M=6.63 (1.15) 
n=16 

M=7.38 (1.31) n=16 

DC M=2.38 (.90) n=31 M=3.36 (.73) n=31 M=3.53 (.69) n=16 M=4.27 (.51) n=16 
SE_DT M=5.75 (1.06) n=31 M=5.60 (.99) n=31 M=6.25 (.89) n=16 M=6.48 (.65) n=16 
SE_SRL_DI M=3.42 (.78) n=31 M=3.47 (.74) n=31 M=3.87 (.74) n=16 M=3.96 (.78) n=16 
SE_SRL_II M=3.61 (.77) n=31 M=3.85 (.74) n=31 M=3.98 (.75) n=16 M=4.19 (.69) n=16 
SSS_global M=0.56 (.28) n=31 M=0.73 (.26) n=31 M=0.67 (.23) n=16 M=0.73 (.20) n=16 

H1.3 KI+CD+SL —> Teacher PDC-related attitudes and self-efficacy outcomes 
Overall pre-post pattern: analyses indicated selective improvement in teachers’ PDC-related outcomes. Across 
the CT4 sample, digital competence increased significantly, interpretation, decision-making, and the overall PID 
score improved significantly from pre- to post-test, while perception showed only a marginal positive trend. Self-
efficacy for digital teaching and self-efficacy for supporting self-regulated learning did not show similarly 
consistent overall gains. Educational-psychology knowledge remained stable, while technological potential 
declined over time. 

ANCOVA results showed a significant method effect only for digital competence, with higher adjusted 
post-test scores in the KI+CD+SL condition than in KI+CD. No significant method effects were found for 
self-efficacy for supporting SRL (direct or indirect instruction) or for situation-specific skills. Across 
outcomes, SRL did not significantly moderate the relationship between training method and post-test teacher 
PDC-related outcomes. 
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Conclusion for H1.3: Partially supported. The more complex training condition (KI+CD+SL) produced 
significantly higher post-test digital competence than KI+CD, but no significant method effects were found 
for self-efficacy for supporting SRL or situation-specific skills.  

CT4: Adoption by condition  
 Conditions 
 CT4.1 CT4.2 
 KI+CD KI+CD+SL 

Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Adoption M=4.71 (.97) N=31 M=4.39 (.85) 

N=31 
M=4.97 (.98) N=16 M=5.19 (.66) N=16 

 
H2.1 KI+CD vs KI+CD+SL —> Adoption 
Overall pre-post pattern: Paired pre-post analyses indicated positive changes in adoption-related outcomes in 
CT3. Across the sample, teachers showed significant increases in intended adoption. 

ANCOVA results showed a significant method effect for intended adoption, favouring a complex method 
(KI+CD+SL). Moderation analyses showed that school level variables principal support, informal 
collaboration, and the perceived importance of digital technology did not moderate the relationship between 
training method and post-test adoption. 

Conclusion for H2.1: Partially supported. A significant method effect emerged for intended adoption. 
Contextual school-level variables did not generally moderate these relationships. 

CT4: Technology-integration practices by condition 
 Conditions 

 CT4.1 CT4.2 
 KI+CD KI+CD+SL 

ICAP_a M=2.65 (1.28) N=31 M=3.06 (.95) 
N=31 

M=2.91 (1.00) 
N=16 

M=3.76 (1.19) N=16 

ICAP_c M=2.65 (1.25) N=31 M=2.54 (1.04) 
N=31 

M=2.96 (1.11) 
N=16 

M=3.57 (1.15) N=16 

ICAP_i M=2.54 (1.32) N=31 M=2.39 (.95) 
N=31 

M=2.96 (1.10) 
N=16 

M=3.31 (1.22) N=16 

 
H2.2  KI+CD+SL —> Technology-integration practices 

Overall pre-post pattern: selective improvement in teachers’ technology-integration practices in CT4. 
Across the full sample, active technology integration increased significantly from pre- to post-test, suggesting 
that teachers reported using technology in more engaging ways after the training. In contrast, constructive 
practices showed only a non-significant positive trend, while interactive practices did not change 
significantly. Thus, the training appeared to support movement primarily toward more active uses of 
technology, but not clearly toward more complex constructive or interactive practices. 
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ANCOVA results showed no significant method effects for active, constructive, or interactive technology-
integration practices after controlling for baseline levels. Although adjusted post-test scores were descriptively 
higher in the KI+CD+SL condition than in KI+CD for both active and constructive practices, these 
differences did not reach statistical significance. Across all three ICAP dimensions, baseline practice levels were 
the strongest predictors of post-test outcomes. Additional models including teachers’ SRL showed no 
significant main effects of SRL and no evidence of SRL moderation of the relationship between training 
method and post-test practices. 

Conclusion for H2.2: Not supported. While CT4 showed an overall increase in active technology-
integration practices, the more complex training condition (KI+CD+SL) did not produce significantly 
stronger post-test technology-integration practices than KI+CD. No robust method effects were found for 
active, constructive, or interactive practices, and teachers’ SRL did not explain or moderate these differences. 
Thus, in CT4, improvements in classroom-oriented practices appear to reflect the general effect of training 
participation, rather than a clear added value of the more complex condition. 

Overall conclusion for CT4: provides partial support for the added value of the more complex training 
condition (KI+CD+SL) relative to KI+CD. Across the intervention, teachers showed selective overall 
improvement, with significant gains in digital competence and situation-specific skills.At the between-
condition level, the clearest robust advantage of the more complex condition emerged for digital 
competence, and there was also selective evidence for higher intended adoption. However, no evidence 
that teachers’ SRL moderate these relationships. Taken together, CT4 suggests that adding Situated 
Learning strengthened selected competence- and motivation-related outcomes, but did not produce 
broad superiority across all teacher outcomes. 
 

4.2 UWK: Pre-service and in-service teachers’ pedagogical-digital competence   

CK1: In-service teacher training on computational thinking in primary school  

Goal. CK1 aimed to explore how in-service teachers’ knowledge‑focused professional development influences 
teachers’ PDC, with a particular emphasis on physical and digital games for computational thinking in primary 
schools. The study was originally designed to compare knowledge instruction only (KI) with knowledge 
instruction combined with situated learning (KI+SL). However, due to logistical constraints, it was not possible 
to collect data for the KI+SL condition. Consequently, CK1 reports results exclusively for the KI condition, and 
no direct comparisons between conditions are presented. 

Length: 3-5 months 

Reliability analysis (see Annex A). Reliability analyses were not conducted or interpreted due to the very small 
and highly unstable sample sizes, as documented in the UWK report. Across all measured constructs, pre‑ and 
post‑test samples were unmatched, with several variables based on fewer than five observations per measurement 
point. As a result, internal consistency estimates (e.g., Cronbach’s alpha) and correlation matrices were considered 
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not reliable and not meaningful, and are therefore not reported. This limitation applied to all PDC‑related 
variables, including ICT‑related knowledge, teachers’ digital competence, self‑efficacy measures, intended 
adoption, and technology integration practices. Consequently, CK1 relies exclusively on descriptive statistics, and 
all findings should be interpreted with extreme caution, as they primarily reflect individual‑level variability rather 
than systematic training effects. 
 
CK1: Teacher PDC-related outcomes by condition 

 Condition 
 CK1.1 CK1.2 
 KI KI+SL 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Tech_pot 11.50(2.87) N=4 11.00 (1.54) N=7 No data available No data available 
DC 4.12 (0.78) N=4 3.22 (0.78) N=6 No data available No data available 
SE_DT 6.41 (0.99) N=4 6.44 (0.80) N=6 No data available No data available 
SE_SRL 4.18 (0.82) N=4 3.58 (0.62) N=3 No data available No data available 

 
H1.1 KI vs KI+SL → Teacher knowledge  
Overall pre-post patterns: For CK1, teachers participating in the KI condition (CK1.1) demonstrated 
moderate levels of ICT‑related knowledge at the pre‑test. From pre‑ to post‑test, descriptive statistics indicated a 
slight decrease in scores for technological potential of ICT. Given that the pre‑ and post‑test samples were not 
matched and differed in size, these patterns reflect aggregate differences between samples rather than individual 
learning trajectories. No data were available for the KI+SL condition (CK1.2). 

Due to the very small sample size and the lack of matched pre–post observations, no inferential statistical tests 
were conducted. Only descriptive statistics were calculated, and correlation or reliability analyses were deemed 
not reliable. Accordingly, no statistical evidence for knowledge gains attributable to knowledge instruction can 
be established in CK1. 

Conclusion for H1.1. Not tested. Results primarily reflect differences in samples as pre and posttest scores 
could not be matched,, highlighting strong methodological constraints in this case. These descriptive results 
should be interpreted with caution and only in relation to KI as no comparison between training conditions was 
possible. 
 
H1.3 KI vs KI+SL → Teachers’ situation-specific skills, beliefs, and attitudes 

Overall pre-post patterns: Descriptively, teachers in CK1.1 (KI) showed divergent patterns across belief‑ and 
competence‑related outcomes. Teachers’ digital competence and self‑efficacy for supporting SRL both showed 
decreases from pre‑ to post‑test, whereas self‑efficacy for digital teaching was high for both pre and posttest 
groups. No KI+SL comparison was possible. 
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As with H1.1, only descriptive statistics were reported due to extremely small and unmatched samples. Reliability 
analyses and hypothesis testing were not conducted, and no moderation or association analyses were considered 
trustworthy with such sample sizes. Consequently, observed changes cannot be attributed to the training 
intervention with statistical confidence. 

Conclusion for H1.3. Not tested. Results primarily reflect differences in samples as pre and posttest scores 
could not be matched, highlighting strong methodological constraints in this case. These descriptive results 
should be interpreted with caution and only in relation to KI as no comparison between training conditions was 
possible. 

CK1: Teacher: Adoption by condition 
 

 Condition 
 CK1.1 CK1.2 
 KI KI+SL 
Measure Pre mean (SD) Post mean 

(SD) 
Pre mean (SD) Post mean 

(SD) 
Adoption 5.43 (0.96) 

N=4 
5.20 (0.78) 
N=6 

No data 
available 

No data 
available 

 
H2.1 KI vs KI+SL —> Adoption 
Overall pre-post patterns: Teachers in the KI condition (CK1.1) reported relatively high intended adoption of 
TEL methods at pre‑test. Scores in the post‑test group were similarly high. Given that pre‑ and post‑test samples 
consisted of different participants and were very small, these descriptive trends cannot be interpreted as changes 
at the individual level. No data were available for the KI+SL condition (CK1.2). 

Due to very small and unmatched samples, no inferential statistical tests were conducted. Only descriptive 
statistics were calculated, and correlation and reliability analyses were considered not reliable. As a result, no 
statistically supported conclusions regarding training effects on teachers’ intended adoption can be drawn. 
 
Conclusion for H2.1: Not tested. Teachers’ intended adoption of TEL methods remained descriptively high 
but showed no evidence of improvement attributable to the training. Observed patterns reflect sample 
characteristics and individual variability, rather than systematic instructional effects, and only in relation to KI as 
no comparison between training conditions was possible. 

CK1: Technology-integration practices by condition 
 Condition 
 CK1.1 CK1.2 
 KI KI+SL 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
ICAP_p 3.91(0.83) N=4 3.61 (0.74) N=6 No data available No data available 
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ICAP_a 3.75 (0.95) N=4 2.83 (1.07) N=6 No data available No data available 
ICAP_c 3.41 (0.5) N=4 2.87 (1.04) N=6 No data available No data available 
ICAP_i 3.25 (0.56) N=4 2.5 (1.06) N=6 No data available No data available 

 
H2.2.  KI vs KI+SL Technology-integration practices 
Overall pre-post patterns: Descriptively, ICAP scores were not very high in the pre-test and similarly low in the 
post‑test across the global score and all ICAP subdimensions (passive, active, constructive, interactive). Variability 
increased at post‑test, indicating greater dispersion in teachers’ reported practices. No data were available for the 
KI+SL condition. 

As in previous hypotheses, analyses were limited to descriptive statistics only due to extremely small and 
unmatched samples. No inferential tests, mediation analyses, or moderation analyses were conducted, and 
reliability estimates were judged not meaningful. 
 
Conclusion for H2.2: Not tested. Given the methodological constraints (i.e., small and unmatched sample size, 
and absence of comparison between conditions), descriptive results should be interpreted as indicative trends 
only, driven by individual‑level variation rather than intervention effects. 

CK1: Inclusion awareness 
 Condition 
 CK1.1 CK1.2 
 KI KI+SL 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Incl_awar 5.12 (1) N=4 3.66 (0.72) N=3 No data available No data available 

 
H3.2 - KI vs KI+SL →  Teachers’ inclusion awareness  
 
Overall pre-post patterns: For CK1, teachers’ inclusion awareness was assessed using pre‑ and post‑test 
self‑report measures. Results are reported for the KI condition only (CK1.1) due to unavailable data for KI+SL 
(CK1.2). Descriptively, inclusion awareness scores were relatively high at pre‑test, however, the participants in 
the post-test (unmatched sample) showed a lower score. As with other CK1 variables, pre‑ and post‑test samples 
consisted of different participants, and no data were available for the KI+SL condition (CK1.2). 

Due to the extremely small and unmatched sample sizes, no inferential statistical tests were conducted. Reliability 
analyses and correlation matrices were considered not reliable and were therefore not interpreted. All findings are 
based exclusively on descriptive statistics, which limits conclusions to observed sample‑level patterns rather than 
individual change or treatment effects. 

Conclusion for H3.2: Not tested. Given the absence of KI+SL data and the strong methodological constraints 
of the dataset, descriptive findings should be interpreted with extreme caution and only in relation to KI, as they 
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primarily reflect sample instability and individual‑level variability rather than systematic effects of the 
intervention. 

 
Overall conclusion for CK1: In the intervention CK1, effects of the KI+SL professional development 
programme could not be tested, as no responses were collected from the KI+SL group. Moreover, the size and 
nature of the samples (i.e., N < 7, and incomplete -unmatched- pre- and post test observations) did not allow 
us to perform any statistical tests. While no short-term changes in teachers’ self-reported outcomes could 
be evidenced with the self-report measures, informal exchanges with teachers and trainers during 
debriefing sessions suggest that teachers have developed motivation and confidence through the training and 
may be able to transfer the knowledge gained from the training to the classroom, as the training prompted 
practical use of tools for a digitally-enhanced classroom.  

CK2: Inclusive Educational Resources for Pre-service teachers  

Goal. CK2 aimed to strengthen teachers’ pedagogical and technological competencies within a pre-service 
training course, focused on inclusive education. This case explored whether a practical implementation in the 
classroom, followed by reflections about it, provided an added value beyond knowledge instruction and 
collaborative design. To examine the role of training complexity, K2 implemented a knowledge instruction only 
(KI) and a knowledge instruction combined with collaborative design and mentoring (KI+CD+M) across two 
experimental conditions K2.1 and K2.2.  
Length: 3 months 

Reliability analysis (see Annex A). Although the available data for the pre-test of both CK2.1 and CK2.2 
corresponds to 19 participants, it was possible to match pre- and post-test results for only 1 participant in each 
condition. The reliability and correlation analyses were conducted with the pre-test dataset. Internal consistency 
estimates (e.g., Cronbach’s alpha) and correlation matrices should be considered as exploratory and sensitive to 
outliers. This limitation applied to all PDC‑related variables, including ICT‑related knowledge, teachers’ digital 
competence, self‑efficacy measures, intended adoption, and technology integration practices. All the variables 
explored (except knowledge inventory) showed moderate to high internal consistency. Correlation scores are 
available in Annex B. All participants took part in the same KI training  for both conditions. A subset was later 
chosen by the trainer to receive additional CD+MC training alongside the intervention. It was not possible to 
match pre-test entries to specific training methods. Therefore, this report presents the pre-test results (collected 
at the start of the intervention) pooled across both conditions. Post-test results, however, are reported separately 
for each condition. As a consequence of the extremely low sample sizes reported for each condition, CK2 relies 
exclusively on descriptive statistics, and all findings should be interpreted with extreme caution. They primarily 
reflect individual‑level variability rather than systematic training effects.  

 

 

 
 



EffecTive - Efficiency and Effectiveness of Training for Teachers’ Pedagogical Digital Competence 
 

32 

CK2: Teacher PDC-related outcomes by condition 
Measure CK2 - Pre mean (SD) 
Tech_pot 12.47 (2.22) N=19 
DC 3.86 (0.61) N=19 
SE_DT 6.14 (0.77) N=19 
SE_SRL 4.25 (0.5) N=19 
SSS_global 2.84 (1.06) N=19 
 Condition 
 CK2.1 CK2.2 
 KI KI+CD+M 
Measure Post mean (SD) Post mean (SD) 
Tech_pot 11 (0) N=1 12 (0) N=1 
DC 4.27 (0) N=1 4.34 (0) N=1 
SE_DT 5 (0) N=1 5.33 (0) N=1 
SE_SRL No available data No available data 
SSS_global 4 (0) N=1 4 (0) N=1 

 
H1.2 KI vs KI+CD+M → Teachers’ knowledge, digital competencies, situation-specific skills, beliefs, 
and attitudes 

Overall pre-post patterns: For CK2, the pre-test knowledge scores show a moderately high score. Regarding 
the matched pre-post scores for participants on each condition, we observed that the teacher in the KI+CD+M 
condition (CK2.2) demonstrated moderate levels of ICT‑related knowledge at the pre‑test. However, the scores 
from participants in both conditions are slightly lower in the post-test compared to the group mean calculated 
for the pre-test for technological potential of ICT.  Due to the very small sample size no inferential statistical tests 
were conducted. Accordingly, no statistical evidence for knowledge gains attributable to knowledge instruction 
can be established in CK2. 

Regarding digital competencies, the teachers in both conditions showed higher scores in the post-test in relation 
to the group mean in the pre-test, with the teacher in CK2.2 (KI+CD+M) condition reflecting the higher score. 
Additionally, participants from both conditions (KI) showed a decreasing pattern across belief‑ (self-efficacy for 
digital teaching) in comparison with both, their own pre-test scores and the group pre-test mean scores. Situation-
specific skills saw an increase in the post-test scores of participants in both conditions. 

Conclusion for H1.3. Not tested. Descriptive results show a slight decline in teachers’ knowledge from pre‑ to 
post‑test in both conditions, but these findings cannot be interpreted as training effects. Instead, they primarily 
reflect individual‑level variability. Although teachers’ self‑efficacy for digital teaching remained consistently high, 
descriptive declines in digital competence for CK2.1 (KI) but an increase for CK2.2 (KI+CD+M) could indicate 
a positive effect of the more complex training (CK2.2) on teachers’ digital competencies. These findings should 
be interpreted with extreme caution, as they are strongly influenced by sample size limitations, reflecting 
differences in samples as pre- and post-test were only matched for 1 participant on each condition.   
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CK2: Teacher: Adoption by condition 
 

Measure CK2 - Pre mean (SD) 
Adoption 4.9 (0.92) N=19 
 Condition 
 CK2.1 CK2.2 
 KI KI+CD+M 
Measure Post mean (SD) Post mean (SD) 
Adoption 6 (0) N=1 6 (0) N=1 

 
H2.1 KI vs KI+CD+M —> Adoption 
Overall pre-post patterns: The teacher in the KI condition (CK2.1) reported relatively high and stable intended 
adoption scores in pre‑ and post-test. In the KI+CD+M condition, adoption scores increased from pre‑ to 
post‑test. In both cases the post-test scores were higher than the pre-test for the whole group. Due to very small 
samples, no inferential statistical tests were conducted. Only descriptive statistics were calculated, and correlation 
and reliability analyses should be considered with caution. 
 
Conclusion for H2.1: Not tested. The intended adoption of TEL methods remained descriptively high and 
even improved in the more complex training condition. However, observed patterns reflect sample characteristics 
and individual variability, rather than systematic instructional effects.  

CK2: Technology-integration practices by condition 
 

Measure CK2 - Pre mean (SD) 
ICAP_p 4.26 (0.73) N=19 
ICAP_a 3.95 (0.78) N=19 
ICAP_c 3.9 (0.81) N=19 
ICAP_i 3.90 (1.05) N=19 
 Condition 
 CK2.1 CK2.2 
 KI KI+CD+M 
Measure Post mean (SD) Post mean (SD) 
ICAP_p 3 (0) N=1 4 (0) N=1 
ICAP_a 4 (0) N=1 4 (0) N=1 
ICAP_c 4 (0) N=1 3 (0) N=1 
ICAP_i 3 (0) N=1 3 (0) N=1 

 
H2.2.  KI vs KI+CD+M  Technology-integration practices 
Overall pre-post patterns: ICAP scores showed a mixed pattern for both training conditions. Scores for passive 
and active were moderately high in both pre- and post-test, while more demanding dimensions like constructive 
or interactive remained moderate. In the KI condition results slightly decreased from pre‑ to post‑test. In the 
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KI+CD+M condition, scores remained stable from pre- to post- test across all ICAP dimensions. As in previous 
hypotheses, analyses were limited to descriptive statistics only due to extremely small samples. No inferential tests, 
mediation analyses, or moderation analyses were conducted. 
 
Conclusion for H2.2: Not tested. Declines and stable scores in technology integration practices suggest no 
positive transfer of knowledge instruction, collaborative design and mentoring to teachers’ practices. Given the 
methodological constraints (i.e., small sample size), these results should be interpreted as indicative trends only, 
driven by individual‑level variation rather than intervention effects. 

CK2: Inclusion awareness 
 

Measure CK2 - Pre mean (SD) 
Incl_awar 4.84 (0.54) N=19 
 Condition 
 CK2.1 CK2.2 
 KI KI+CD+M 
Measure Post mean (SD) Post mean (SD) 
Incl_awar 4.60 (0) N=1 4.60 (0) N=1 

 
H3.2 - KI vs KI+CD+M →  Teachers’ inclusion awareness  
 
Overall pre-post patterns: For CK2, the score for the teacher in KI condition (CK2.1) decreased while it slightly 
increased for the teacher in the KI+CD+M condition (CK2.2). Descriptively, inclusion awareness scores were 
high at the group average pre‑test. However, the post-tests scores in both conditions remained lower to the group 
pre-test scores. Due to the extremely small samples, no inferential statistical tests were conducted. The findings 
are based exclusively on descriptive statistics, which limits conclusions to observed sample‑level patterns rather 
than individual change or treatment effects. 

Conclusion for H3.2: Not tested. Descriptive results showing increasing inclusion scores for the teacher in the 
KI+CD+M condition from pre‑ to post‑test could suggest evidence that training complexity, particularly 
including CD+M, have the potential to enhance inclusion‑related competence. Given the significant 
methodological constraints of the dataset, these findings should be interpreted as exploratory as they primarily 
reflect individual‑level variability rather than systematic effects of the intervention. 

 
Overall conclusion for CK2: In the intervention CK1, effects of the KI+CD+M professional development 
programme could not be tested, as very little responses were matched from pre- to post-test. CK2 only provides 
descriptive support for the effects of the KI+CD+M training method as no tests could be made. The 
descriptive data could hint at positive effects for teachers’ PDC-related outcomes, or adoption intentions. By 
contrast, the results showed a slight decrease for self-efficacy for digital teaching in the post-test.   
A further consideration concerns the difficulties encountered during data collection, which may have 
influenced the consistency and completeness of the dataset. Communication with the trainer proved 
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challenging at several points, leading to delays in clarifying procedures and ensuring uniform application of the 
data-gathering protocol. Data collection also coincided with periods in which teachers were experiencing 
substantial workload pressures and had limited availability to respond, resulting in lower response rates and 
incomplete entries.  

4.3 UULM: Pre- and in-service teachers’ pedagogical digital competence with the focus on SRL 

CUU1: In-service teachers’ pedagogical digital competence and SRL (short course) 
Goal. CUU1 aimed to strengthen teachers’ pedagogical digital competence with a focus on self‑regulated learning 
in technology‑enhanced learning contexts. To examine the role of training complexity, CUU1 contrasted 
knowledge instruction only (KI) with knowledge instruction combined with situated learning (KI+SL) across 
two experimental conditions CUU1.2 and CUU1.1.  
Length: 6 weeks 

Reliability analysis (see Annex A) showed mixed results across constructs and measurement points. Core self-
report measures, including digital competence, self-efficacy, and most ICAP scales, showed acceptable to good 
reliability, and the post-test situation-specific skills measure also demonstrated acceptable internal consistency. In 
contrast, the knowledge-based scales (technological potential and educational psychological principles of ICT) 
showed low reliability and should be interpreted with caution. No items were removed from any scale. 

CUU1: Teacher PDC-related outcomes by condition 
 Condition 

 CUU1.1 CUU1.2 
 KI+SL KI 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Tech_pot M=12.22 (2.82) N=9 M=11.22 (2.24) N=9 M=13.00 (2.24) N=9 M=12.44 (1.88) N=9 
EdPsych M=8.78 (1.56) N=9 M=8.56 (2.19) N=9 M=8.89 (1.45) N=9 M=8.56 (2.19) N=9 
DC M=3.32 (.76) N=9 M=3.43 (.86) N=9 M=3.23 (.76) N=9 M=3.26 (.84) N=9 
SE_DT M=4.07 (.60) N=9 M=4.26 (.44) N=9 M=3.59 (.52) N=9 M=3.85 (.58) N=9 
SE_SRL_global M=3.06 (.58) N=9 M=3.46 (.42) N=9 M=3.24 (.55) N=9 M=3.48 (.47) N=9 
SSS_global  M=4.89 (2.42) N=9  M=5.22 (2.10) N=9 

H1.1 KI vs KI+SL → Teacher knowledge  
Overall pre-post pattern: Across both CUU1 conditions, teachers demonstrated moderate baseline levels of 
knowledge regarding the technological potential of ICT and educational psychological principles of ICT. From 
pre‑ to post‑test, mean scores showed small declines or stability across both knowledge measures in both 
conditions. No clear descriptive pattern indicated stronger knowledge gains in either the KI+SL (CUU1.1) or the 
KI‑only (CUU1.2) condition, suggesting limited sensitivity of these knowledge measures to short‑term 
instructional input. 

Wilcoxon signed‑rank tests were conducted separately for each condition to examine pre–post changes in 
teacher knowledge. For CUU1.1, no statistically significant differences were found between pre‑ and 
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post‑test scores for either knowledge variable. Similarly, for CUU1.2, Wilcoxon tests indicated no significant 
pre–post changes for either knowledge variable. Mann–Whitney U tests were used to compare post‑test 
knowledge scores between conditions. These analyses revealed no statistically significant between‑group 
differences for either knowledge dimension at post‑test. 

Conclusion for H1.1: Not supported. KI, whether delivered alone or combined with SL components, did not 
result in significant improvements in teachers’ ICT‑related knowledge. These findings suggest that, within the 
short six‑week CUU1 intervention, teacher knowledge remained largely stable and was not differentially affected 
by training complexity. 

H1.3 KI vs KI+SL → Teacher situation-specific skills, beliefs, and attitudes 

Overall pre-post patterns: Descriptively, teachers in both conditions showed small increases in self‑efficacy 
for digital teaching and self‑efficacy for supporting SRL from pre‑ to post‑test. Gains were more 
pronounced in the KI+SL condition (CUU1.1) for self‑efficacy related to supporting SRL, whereas changes in 
the KI‑only condition were smaller and less consistent. Teachers’ digital competence showed minimal change 
across both conditions. Situation‑specific skills, assessed post‑test only, displayed considerable variability within 
both groups, with no clear descriptive advantage for the KI+SL condition over KI. 

Wilcoxon signed‑rank tests were conducted to assess pre–post changes within each condition. For CUU1.1, 
the Wilcoxon test revealed a statistically significant increase in self‑efficacy for supporting SRL, indicating 
a positive effect of the KI+SL intervention on this belief‑related outcome. No significant pre–post changes were 
observed for self‑efficacy for digital teaching or digital competence. For CUU1.2, Wilcoxon tests did not yield 
significant pre–post changes for any belief‑ or competence‑related variable. 

Mann–Whitney U tests comparing post‑test scores between conditions showed no statistically significant 
group differences for self‑efficacy, digital competence, or situation‑specific skills. An independent‑ sample 
t‑test comparing post‑test situation‑specific skills likewise revealed no significant difference between CUU1.1 
and CUU1.2. 

Moderation analyses indicated selective interaction effects, suggesting that individual differences (e.g., prior 
self‑efficacy or digital competence) may condition how teachers benefit from situated learning components; 
however, these effects were not sufficiently consistent to provide strong evidence for differential training effects. 

Conclusion for H1.3: Not supported. Although the KI+SL condition showed a significant increase in 
self‑efficacy for supporting SRL, this effect did not generalize across other belief, competence, or 
situation‑specific skill measures, nor did it translate into reliable differences between‑group differences. The 
results suggest that situated learning elements may support selected beliefs related outcomes, but are insufficient, 
on their own, to produce robust gains across the full range of  outcomes within a short intervention format. 
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CUU1.2. Adoption by condition 
 Condition 
 CUU1.1 CUU1.2 

 KI+SL KI 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Adoption M=5.20 (.48)  N=5 M=5.25 (.80) N=9  M=4.86 (.56)  N=9 

H2.1 KI  vs KI+SL → Adoption 

Overall pre-post patterns: Descriptively, teachers in the KI+SL condition (CUU1.1) showed high levels of 
intended adoption already at pre‑test, which remained stable or slightly increased at post‑test. In contrast, 
teachers in the KI‑only condition (CUU1.2) reported lower intended adoption levels at the post‑test. Overall, 
adoption intentions were descriptively higher in the KI+SL condition than in the KI condition.  

Wilcoxon signed‑rank tests were used to examine pre–post changes in intended adoption within CUU1.1 and 
revealed no statistically significant change, indicating stability over time. No pre‑test data were available for 
CUU1.2. Mann–Whitney U tests comparing post‑test scores between CUU1.1 and CUU1.2 showed no 
statistically significant group difference for adoption, although the descriptive pattern favored the KI+SL 
condition.   

Conclusion of H2.1: Partially supported. While intended adoption levels were descriptively higher in the KI+SL 
condition, the absence of significant pre–post changes and between‑group differences indicates that situated 
learning did not reliably increase teachers’ adoption intentions within the short CUU1 intervention. 

CUU1: Teacher technology-integration practices and lesson plans by condition 
 Condition 
 CUU1.1 CUU1.2 
 KI+SL KI 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
ICAP_a M=3.56 (SD=.96) 

N=9 
M=3.67 (SD=1.05) N=9 M=3.04 (SD=.31) 

N=9 
M=3.33 (SD.44) N=9 

ICAP_c M=2.96 (SD=.98) 
N=9 

M=3.52 (SD=1.04) N=9 M=2.67 (SD=.63) 
N=9 

M=3.19 (SD=.88) N=9 

ICAP_i M=2.85 (SD=.99) 
N=9 

M=2.74 (SD=.99) N=9 M=2.44 (SD=.73) 
N=9 

M=2.93 (SD=.70) N=9 

tech_qua
l 

 M=17.38 (SD=6.91) 
N=8 

 M=15.78 (SD=6.34) N=9 

H2.2 - KI vs KI+SL  → Technology Integration Practices 

Overall patterns: Teachers’ technology integration practices (ICAP) demonstrated small descriptive increases 
from pre‑ to post‑test in both conditions, with slightly stronger gains in the KI‑only condition. Situation‑specific 
skills, assessed post‑test only, showed substantial within‑group variability and similar mean levels across CUU1.1 
and CUU1.2. 
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Wilcoxon signed‑rank tests revealed a significant increase in constructive ICAP practices in the KI+SL 
condition, while no other ICAP dimensions showed significant pre–post change. In the KI‑only condition, none 
of the ICAP subscales changed significantly. Mann–Whitney U tests and an independent‑samples t‑test 
comparing post‑test ICAP and situation‑specific skill scores between groups showed no statistically significant 
differences. 

Conclusion for H2.3: Partially supported. While situated learning was associated with gains in constructive 
technology integration practices, these effects did not generalize across all ICAP dimensions or translate into 
higher situation‑specific skill levels relative to knowledge instruction alone. 

CTUU1: Student outcomes by condition 
 Conditions 

 CUU1.1 CUU1.2 
 KI+SL KI 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
St_subskills M=3.30 (.98) N=20 M=3.95 (1.47) N=20 M=3.45 (2.50) N=11 M=5.09 (2.47) N=11 
St_SE_DT M=3.06 (.73) N=20 M=3.31 (.70) N=19 M=4.12 (.72) N=10 M=3.66 (.70) N=11 
St_subj_int M=2.38 (.58) N=20 M=2.52 (.69) N=19 M=2.32 (.95) N=11 M=2.21 (.68) N=11 
St_ICAP_glo
b 

M=2.80 (.69) N=20 M=2.85 (.69) N=19 M=3.54 (1.09) N=10 M=3.6 (.80) N=11 

St_SoB_globa
l 

M=2.68 (.44) N=20  M=3.19 (.56) N=.46  

 
H2.4 - KI vs KI+SL → Students’ subjective-specific skills and other outcomes 

Overall pre-post patterns: Overall, the pre–post pattern showed mixed changes across the two conditions. The 
KI+SL group demonstrated moderate improvements in students’ subject-related skills, self-efficacy in digital 
technologies, and subject-specific interest, whereas the KI group (CUU1.2) showed the largest increase in subject-
related skills but decreases in self-efficacy and subject-specific interest, while ICAP scores remained relatively 
stable in both groups. 

The paired-samples t-tests showed that within the KI+SL group, none of the pre-post changes reached 
statistical significance, although positive trends were observed for subject-specific SRL skills and digital self-
efficacy. In the KI group only subject-specific skills improved significantly over time, while other variables showed 
no significant changes and some descriptive decreases. The independent-samples t-tests comparing change 
scores between groups showed that the KI+SL condition led to significantly more positive changes in digital self-
efficacy than the KI condition, whereas no significant group differences were found for the other outcomes. 

Conclusion for H2.4: Partially supported: although most within-group pre-post changes were not statistically 
significant, the KI+SL condition demonstrated significantly more favorable development than the KI condition 
digital self-efficacy. 
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CTUU1: Student SRL skills by condition 
 Conditions 

 CUU1.1 CUU1.2 
 KI+SL KI 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
St_mslq_glob
al 

M=4.30 (.71) N=20 M=4.52 (.56) N=19 M=4.54 (.91) N=11 M=4.17 (1.09) N=11 

St_mslq_cogn M=4.13 (.75) N=20 M=4.39 (.55) N=19 M=4.47 (.93) N=11 M=4.19 (1.14) N=11 
St_mslq_mc M=4.63 (.88) N=20 M=4.72 (.85) N=19 M=4.67 (1.34) N=11 M=4.14 (1.29) N=11 
St_mslq_res M=4.69 (.98) N=20 M=4.55 (.59) N=19 M=4.74 (.82) N=11 M=4.15 (1.47) N=.11 

 
H2.5 - KI vs KI+SL → Students’ SRL skills 
 
Overall pre-post pattern: the pre-post pattern for SRL outcomes indicated more positive development in the 
KI+SL condition than in the KI condition. Students in the KI+SL group showed small increases in global, 
cognitive, and metacognitive SRL, whereas students in the KI group demonstrated decreases across all SRL 
dimensions, particularly in metacognitive and resource-oriented strategies. 

Paired-samples t-tests showed that neither the KI+SL group (CUU1.1) nor the KI group (CUU1.2) 
demonstrated statistically significant pre–post changes in global, cognitive, metacognitive, or resource-oriented 
SRL strategies. However, the descriptive pattern differed between groups, with the KI+SL condition showing 
small increases in most SRL dimensions, whereas the KI condition showed decreases across all SRL dimensions. 
Independent-samples t-tests comparing change scores between groups revealed that the KI+SL condition 
produced a significantly more positive change in global SRL than the KI condition. No statistically significant 
between-group differences were found for cognitive, metacognitive, or resource-oriented SRL strategies, 
although effect sizes suggested moderate advantages for the KI+SL condition. 

Conclusion for H2.5 - partially supported. Although neither group demonstrated statistically significant 
within-group pre-post improvements in SRL dimensions, students in the KI+SL condition showed significantly 
more positive development in global SRL compared to the KI condition, while other SRL dimensions showed 
non-significant but descriptively more favorable trends for the KI+SL group. 

H3.1 - Students’ SRL moderates the effect of TEL practices on achievement gaps 

The moderation analyses showed no significant interaction effects between teachers’ training condition and 
students’ socioeconomic status for either global SRL scores or subject-specific skills. However, students’ digital 
competence significantly moderated the relationship between training condition and digital self-efficacy, 
indicating that the positive effect of the training condition became stronger as students’ digital competence 
increased. 

Conclusion for H3.1. The analyses did not reveal significant moderation effects showing that students’ SRL 
reduced or altered achievement gaps related to socioeconomic status. Although a significant moderation effect 
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was found for students’ digital competence on digital self-efficacy outcomes, this does not directly support the 
hypothesis concerning SRL as a moderator of achievement gaps. 
 

Overall conclusion for CUU1: Overall, the findings indicate that the CUU1 intervention led to selective and 
moderate effects, with outcomes varying across competence, motivational, and transfer‑related domains. At 
the teacher level, neither condition produced significant gains in ICT‑related knowledge However, the KI+SL 
condition showed promising effects on belief‑related outcomes, including a significant increase in self‑efficacy 
for supporting students’ self‑regulated learning and higher post‑test levels of expectancy of success.  Regarding 
instructional transfer, evidence was mixed. While constructive technology integration practices improved 
within the KI+SL condition, these gains did not consistently translate into clear between‑group differences. At 
the student level, results suggested positive transfer effects particularly for subject-specific skills, global self-
regulated learning, and digital self-efficacy, with students taught by teachers in the KI+SL condition generally 
demonstrating more favorable post-test development. However, effects on other SRL dimensions (e.g., 
cognitive, metacognitive, and resource-oriented strategies) were limited or non-significant overall, and no 
evidence was found for reduced heterogeneity or equity-enhancing effects as predicted by Hypothesis 3. 

CUU2: In-service teachers’ pedagogical digital competence and SRL (long course)  

Goal. CUU2 aimed to strengthen teachers’ PDC with a particular emphasis on the design and implementation 
of self‑regulated, technology‑enhanced learning environments. To examine the role of training complexity, 
CUU1 contrasted knowledge instruction only (KI) with knowledge instruction combined with situated learning 
(KI+SL) across two experimental conditions. 
Length: 6 months 

Reliability analysis (see Annex A):  Reliability varied across constructs and measurement points. Overall, self-
report measures of competence, beliefs, motivation, and practices showed acceptable to good internal 
consistency, including digital competence, self-efficacy, intended adoption, and ICAP practices. In contrast, the 
knowledge-focused scales (technological potential and educational psychological principles) showed low and 
partly problematic reliability and should therefore be interpreted with caution. The situation-specific skills 
measure showed acceptable reliability. No items were removed from any scale. 

Table CUU2.1.  Teacher PDC-related outcomes by condition 
 Conditions 
 CUU2.1 CUU2.2 
 KI KI+SL 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Tech_pot M=11.33 (1.56) N=12 M=11.33 (1.56) N=12 M=11.14 (1.61)  N=14 M=12.38 (1.63) N=14 
EdPsych M=8.50 (1.83) N=12 M=8.42 (1.56) N=12 M=8.21 (1.63) N=14 M=10.00 (.82) N=14 
DC M=3.06 (.71) N=12 M=3.29 (.78) N=12 M=3.13 (.72) N=17 M=3.56 (.57)N=16 
SE_DT M=3.97 (.33) N=10 M=4.19 (.58) N=10 M=4.00 (.75) N=17 M=4.52 (.45) N=16 
SE_SRL M=3.63 (.65) N=10 M=3.46 (.79) N=10 M=3.38 (.41) N=16 M=3.34 (.66) N=16 
SSS_global  M=4.00 (2.34) N=12  M=4.00 (2.72) N=17 
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H1.1 KI vs KI+SL → Teacher knowledge  
Overall pre-post patterns: Across both conditions, teachers demonstrated moderate baseline levels of 
ICT‑related knowledge. Descriptively, teachers in the KI+SL condition showed increases in educational 
psychological principles of ICT from pre‑ to post‑test, whereas knowledge levels in the KI‑only condition 
remained largely stable across both knowledge measures. For the technological potential of ICT, descriptive gains 
were small in both groups, with slightly stronger post‑test scores in the KI+SL condition. 

Wilcoxon signed‑rank tests were conducted separately for each condition to examine pre–post knowledge 
changes. For CUU2.1, no statistically significant differences were found for either technological potential of ICT 
or educational psychological principles of ICT. For CUU2.2, Wilcoxon tests revealed a statistically significant 
increase in educational psychological principles of ICT, whereas no significant pre–post change was observed for 
technological potential of ICT. Mann–Whitney U tests comparing post‑test knowledge scores between groups 
showed no significant difference for technological potential of ICT. In contrast, a significant post‑test 
group difference was observed for educational psychological principles of ICT, favoring the KI+SL 
condition. 

Conclusion for H1.1: Partially supported. While KI alone did not lead to significant knowledge gains, the 
combination of KI with SL resulted in significant improvements in pedagogical ICT knowledge, highlighting the 
added value of extended, context‑embedded learning formats for knowledge development. 

H1.3 KI vs KI+SL → Teacher situation-specific skills, beliefs, and attitudes 

Overall pre-post patterns: Descriptively, teachers in both CUU2 conditions reported small to moderate 
increases in self‑efficacy for digital teaching and digital competence over time. Gains were more pronounced in 
the KI+SL condition (CUU2.2), particularly for digital competence and self‑efficacy for digital teaching. In 
contrast, self‑efficacy for supporting SRL showed only minor changes in both groups. Situation‑specific skills, 
assessed post‑test only, showed comparable mean levels across both conditions, with substantial variability within 
each group. 
 
Wilcoxon signed‑rank tests applied to CUU2.1 showed no statistically significant pre–post changes for 
self‑efficacy or digital competence. For CUU2.2, Wilcoxon tests revealed significant gains in digital competence 
and self‑efficacy for digital teaching, indicating positive effects of the situated learning components. Mann–
Whitney U tests comparing post‑test scores between conditions showed no significant group differences for 
self‑efficacy measures or digital competence. An independent‑ sample t‑test revealed no significant 
difference in situation‑specific skills between CUU2.1 and CUU2.2 at post‑test. Moderation analyses 
indicated selective interactions suggesting that teachers with higher SRL competencies, particularly 
metacognitive SRL, benefited more from the KI+SL condition in terms of digital competence and self‑efficacy 
gains. 
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Conclusion for H1.3. Not supported. Although teachers in the KI+SL condition demonstrated significant 
within‑group gains in digital competence and self‑efficacy for digital teaching, these improvements did not 
translate into consistent between‑group differences.   

CUU2 Adoption by condition by condition 
 Condition 
 CUU2.1 CUU2.2 
 KI+SL KI 
Measure Pre mean (SD) Post mean (SD) Pre mean 

(SD) 
Post mean (SD) 

Adoption M=5.20 (.48)  
N=5 

M=5.25 (.80) N=9  M=4.86 (.56)  N=9 

 
H2.1 KI vs KI+SL → Teachers’ intended adoption of new teaching practices 

Overall pre-post patterns: Descriptively, teachers in the KI condition (CUU2.1) showed a small increase in 
intended adoption from pre‑ to post‑test. Teachers in the KI+SL condition (CUU2.2) reported moderate 
adoption intentions at the post‑test, comparable in magnitude to those observed in the KI condition. Overall, 
adoption intentions were relatively high across both conditions, with no clear descriptive advantage for the more 
complex instructional design. 

Wilcoxon signed‑rank tests conducted for CUU2.1 indicated no statistically significant pre–post change in 
intended adoption. Pre‑test data were not available for CUU2.2. Mann–Whitney U tests comparing post‑test 
adoption intentions between CUU2.1 and CUU2.2 revealed no statistically significant group difference. 
Moderation analyses showed no consistent moderation effects of contextual or SRL‑related variables on 
adoption gains, with the exception of isolated effects indicating that teachers with higher metacognitive SRL 
benefited slightly more from the KI+SL condition; however, these effects were not robust across models. 

Conclusion for H2.1: Not supported. Despite the extended duration of CUU2, situated learning did not lead 
to significantly higher intended adoption compared to knowledge instruction alone. Adoption intentions 
appeared generally high but largely independent of training complexity. 
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CUU2 Technology-integration practices by condition 
 Condition 
 CUU2.1 CUU2.2 
 KI+SL KI 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
ICAP_a M=2.50 (.66) N=12 M=3.69 (.76) N=12 M=2.74 (.53) 

N=14 
M=3.79 (.80) N=16 

ICAP_c M=2.61 (.75) N=12 M=3.33 (1.16) N=12 M=2.54 (.55) 
N=14 

M=3.65 (.65) N=16 

ICAP_i M=2.50 (.80) N=12 M=2.89 (1.21) N=12) M=2.43 (.63) 
N=14 

M=3.33 (.93) N=16 

Tech_qual_LP  M=7.10 (2.02) N=10  M=7.69 (2.81) N=13 
Tech_expl_LP  M=5.20 (3.16) N=10  M=7.15 (2.30) N=13 

 
H2.3 KI vs KI+SL → Teachers’ technology-integration practices 
Overall pre-post patterns: Technology integration practices (ICAP) increased substantially from pre‑ to 
post‑test in both CUU2 conditions. Descriptively, gains were larger in the KI+SL condition across overall ICAP 
as well as active, constructive, and interactive subdimensions. Lesson‑plan‑based indicators of teaching quality 
and technology exploitation, assessed post‑test only, showed slightly higher mean scores in the KI+SL condition, 
though variability within both groups was considerable. 

Wilcoxon signed‑rank tests revealed significant pre–post increases in overall ICAP and multiple ICAP 
subdimensions for both CUU2.1 and CUU2.2, with particularly strong effects in the KI+SL condition. Mann–
Whitney U tests comparing post‑test ICAP scores between conditions did not yield statistically significant 
differences, despite large within‑group gains. Independent‑samples t‑tests comparing lesson‑plan scores 
(teaching quality and technology exploitation) showed no statistically significant group differences, 
although descriptive trends favored CUU2.2. 

Conclusion for H2.3: Partially supported. While technology integration practices improved over time, these 
gains occurred in both conditions and did not consistently differentiate KI+SL from KI.  

CUU2: Students’ subject‑specific skills and other outcomes by condition  
 Conditions 

 CUU2.1 CUU2.2 
 KI KI+SL 

Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
St_subskills M=9.75 (3.87) N=16 M=6.69 (5.56) N=14 M=8.71 (2.79) N=14 M=13.8 (4.71) N=12 
St_SE_DT M=4.20 (.59) N=16 M=4.01 (.53) N=16 M=3.95 (.67) N=14 M=4.30 (.75) N=11 
St_subjspec_i
nt 

M=2.31 (.70) N=16 M=2.49 (.58) N=14 M=2.27 (.93) N=14 M=2.14 (.01)N=12 

st_ICAP_glob  M=3.89 (.62) N=14  M=4.48 (.53) N=11 
St_SoB_global M=3.73 (.60) N=16  M=3.34 (.83) N=14  
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Overall pre-post patterns: Students taught by teachers in the KI+SL condition showed a clear increase in 
subject‑specific skills from pre‑ to post‑test. In contrast, students in the KI condition demonstrated a descriptive 
decline or stagnation in performance over time. At the post‑test, student achievement levels converged between 
conditions. 

H2.4 - SL → Students’ subject‑specific skills and other outcomes  

Paired‑samples t‑tests showed a statistically significant improvement in subject‑specific skills for students in the 
KI+SL condition, while changes in the KI condition did not reach significance. Independent‑samples t‑tests 
revealed a significant pre‑test difference favoring CUU2.1 students, but no significant post‑test difference, 
indicating stronger learning gains in CUU2.2.  

Conclusion for H2.4: Not supported. Although students in the KI+SL condition demonstrated significant 
within‑group learning gains, the absence of post‑test differences between conditions limits evidence for a 
sustained advantage of situated learning on student subject‑specific skills. 

CUU2: Students’ SRL skills by condition 
 Conditions 

 CUU2.1 CUU2.2 
 KI KI+SL 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
St_mslq_global M=4.60 (.62) N=16 M=4.74 (.59) N=14 M=4.79 (.89) N=14 M=5.09 (.73) N=12 
St_mslq_cogn M=4.48 (.60) N=16 M=4.45 (.60) N=14 M=4.96 (1.07) 

N=14 
M=5.06 (1.07) N=12 

St_mslq_mc M=4.53 (.93) N=16 M=4.75 (.79) N=14 M=4.52 (1.03) 
N=14 

M=4.97 (.87) N=12 

St_mslq_res M=4.77 (1.01) 
N=16 

M=5.10 (.83) N=14 M=4.73 (.92) N=14 M=5.19 (.90) N=12 

 
Overall pre-post pattern: Overall, both conditions showed stable or slightly improved student SRL-related 
outcomes from pre- to post-test, with larger increases generally observed in the KI+SL condition (CUU2.2). The 
clearest improvements in the KI+SL group were seen in global SRL, metacognitive strategies, and resource-
oriented strategies, whereas the KI-only group showed only modest changes and no improvement in cognitive 
strategies. 

H2.5 - SL → Students’ self-regulated learning skills  
 
Paired-samples t-tests showed that neither the KI nor the KI+SL condition demonstrated statistically 
significant pre–post changes in students’ SRL-related outcomes, although descriptive improvements were more 
pronounced in the KI+SL group, particularly for global SRL, metacognitive strategies, and resource-oriented 
strategies. 
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Conclusion for H2.5: Not supported, as students taught by teachers in the KI+SL condition did not 
demonstrate statistically significantly higher SRL-related outcomes compared to students in the KI-only 
condition, despite descriptively more positive pre–post changes in several dimensions. 
 
H3.1 - Students’ SRL moderates the effect of TEL practices on achievement gaps (inequity) 
 
Moderation analyses were conducted to test whether students’ SRL moderated the relationship between 
teachers’ training condition and student learning outcomes, including subject‑specific skills, digital self‑efficacy, 
and motivation. These analyses revealed no consistent or statistically significant interaction effects 
indicating that higher levels of student SRL systematically reduced achievement gaps between conditions. 
Isolated interaction effects emerged in single models but did not form a stable or interpretable pattern across 
outcomes. 

Conclusion for H3.1. Not supported. Although students with higher SRL generally demonstrated more 
favorable learning outcomes, student SRL did not moderate the effects of TEL practices in a way that reduced 
inequity or outcome heterogeneity. Despite the extended duration and increased complexity of the CUU2 
intervention, student‑level differences largely persisted across conditions. These findings suggest that longer and 
more complex teacher professional development alone is insufficient to systematically address inequity in student 
learning, highlighting the need for more explicitly equity‑oriented instructional and pedagogical mechanisms.  
 

Overall conclusion for CUU2: CUU2 analysed the effects of KI and KI+SL in an extended six-month 
professional development format aimed at strengthening teachers’ PDC and supporting classroom transfer. 
Overall, the findings suggest that the longer duration supported development across both conditions, but no 
robust added-value effects of the more complex method (KI+SL) were found. At the teacher level, both 
conditions showed evidence of growth, however, between-group differences were limited and 
inconsistent. At the student level, there were some encouraging signs, especially in subject-specific 
achievement, but post-test differences between conditions were not significant, and effects on students’ SRL 
were modest. CUU2 shows that adding situated learning did not produce clear differential effects.  
 

CUU3: Pre-service teachers’ pedagogical digital competence and SRL (short course) 

Goal. CUU3 aimed to strengthen teachers’ PDC within a short, compact professional development format, with 
a focus on technology‑enhanced teaching practices, self‑regulated learning and motivational and reflective 
dimensions of digital instruction. To examine the role of instructional design complexity under short‑term 
conditions, CUU3 contrasted knowledge instruction combined with situated learning (KI+SL) with knowledge 
instruction only (KI) across two experimental conditions (CUU3.1 and CUU3.2). 
Length: 6 weeks 

Reliability analysis (see Annex A) - showed considerable variability across constructs, partly due to the very 
small sample sizes, especially at post-test. Overall, self-report measures of beliefs, motivation, and digital 
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competence showed acceptable to good reliability, whereas the knowledge-based scales (technological potential 
and educational psychological principles) showed low and unstable reliability and should be interpreted with 
caution. No situation-specific skill measures were included in CUU3, and no items were removed from any scale. 

CUU3 Teachers PDC-related outcomes by condition 
 Conditions 
 CUU3.1 CUU3.2 
 KI+SL KI 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Tech_pot M=12.31 (2.46) N=13 M=12.67 (2.34) N=6 M=13.00 (2.65) N=7 M=12.80 (2.17 N=5 
EdPsych M=8.92 (1.29) N=13 M=8.83 (1.47) N=6 M=9.00 (1.29) N=7 M=7.00 (1.41) N=5 
DC M=3.10 (.90 )N= 13 M=3.43 (1.36) N=6 M=2.17 (1.02) N=7 M=2.95 (1.44) N=5 
SE_DT M=4.00 (.67) N=13 M=4.97 (.28) N=6 M=3.09 (1.10) N=7 M=3.67 (1.05) N=5 
SE_SRL M=3.32 (.57) N=13 M=3.43 (1.36) N=6 M=2.71 (1.06) N=7 M=2.91 (1.28) N=5 

H1.1 KI vs KI+SL → Teacher knowledge  

Overall pre-post patterns: Across both CUU3 conditions, teachers demonstrated moderate baseline levels of 
ICT‑related knowledge. From pre‑ to post‑test, descriptive changes were small and inconsistent. In the KI+SL 
condition (CUU3.1), knowledge scores related to technological potential of ICT showed a slight increase, 
whereas educational psychological principles of ICT remained largely stable. In the KI‑only condition (CUU3.2), 
technological knowledge showed minimal change, while pedagogical ICT knowledge declined descriptively at the 
post‑test. Overall, no clear descriptive advantage emerged for either instructional format. 

Wilcoxon signed‑rank tests, conducted separately for each condition due to small sample sizes and non‑normal 
distributions, revealed no statistically significant pre–post changes for either knowledge measure in CUU3.1 or 
CUU3.2. Mann–Whitney U tests comparing post‑test knowledge scores between conditions likewise showed 
no statistically significant group differences for technological potential of ICT or educational psychological 
principles of ICT. 

Conclusion for H1.1. Not supported. Neither KI alone nor KI+SL resulted in significant improvements in 
teacher knowledge. The findings suggest that, within a short six‑week intervention and with very small sample 
sizes, knowledge‑focused outcomes remained largely unaffected by training complexity. 

H1.3 KI vs KI+SL → Teacher situation-specific skills, beliefs, and attitudes 

Overall pre-post pattern: Descriptively, teachers in both CUU3 conditions showed small increases in SE_DT, 
SE_SRL, and DC from pre‑ to post‑test. These gains appeared somewhat stronger in the KI‑only condition, 
particularly for digital competence, whereas changes in the KI+SL condition were smaller and more stable. 
Situation‑specific skills were not assessed in CUU3. 

Wilcoxon signed‑rank tests revealed no statistically significant pre–post changes for any belief‑ or 
competence‑related variable in either condition. Mann–Whitney U tests comparing post‑test scores between 
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groups showed no statistically significant group differences for self‑efficacy or digital competence. Given the 
very small post‑test samples, moderation analyses were not considered informative and were therefore not 
conducted for this case. 

Conclusion for H1.3. Not supported. Although small descriptive gains in beliefs and digital competence were 
observed, these changes were neither statistically significant nor systematically associated with the presence of 
situated learning components. The results indicate that, in a short and low‑intensity intervention context, situated 
learning did not produce discernible advantages for teachers’ beliefs or competence‑related outcomes. 

CUU3 Adoption intentions by condition 
 Condition 
 CUU3.1 CUU3.2 
 KI+SL KI 
Measures Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Adoption  M=4.92 (.73) N=6  M=3.69 (1.50) 

N=4 

H2.1 KI vs KI+SL → Teachers’ intended adoption of new teaching practices 

Overall patterns: Descriptively, teachers in the KI+SL condition reported higher intended adoption of new 
teaching practices at post‑test than teachers in the KI‑only condition. However, variability within both groups 
was substantial, and adoption intentions in both conditions were generally moderate. 

Mann–Whitney U tests were conducted to compare post‑test adoption intentions between CUU3.1 and 
CUU3.2. The analysis revealed no statistically significant group difference, although the descriptive pattern 
favored the KI+SL condition. Due to the absence of pre‑test adoption data and the extremely small sample size, 
no within‑group change analyses were conducted. 

Conclusion for H2.1. Not supported. Although teachers in the KI+SL condition reported descriptively higher 
adoption intentions, these differences were not statistically reliable. 

CUU3: Technology-integration practices by condition 
 Conditions 

 CUU3.1 CUU3.2 
 KI+SL KI 
Measu
re 

Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 

ICAP_
a 

M=3.74 (.83) N=13 M=3.33 (1.33) N=6 M=2.71 (1.49) N=7 M=2.92 (1.32) N=4 

ICAP_
p 

M=3.59 (.78) N=13 M=3.28 (1.42) N=6 M=2.29 (1.27) N=7 M=3.08 (1.55) N=4 

ICAP_
i 

M=3.33 (1.05) N=13 M=2.89 (1.13) N=6 M=1.67 (.86) N=7 M=2.83 (1.84) N=4 
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H2.3 KI vs KI+SL → Teachers’ technology-integration practices 

Overall patterns: Teachers’ technology integration practices (ICAP) showed small and inconsistent descriptive 
changes from pre‑ to post‑test across both CUU3 conditions. No clear pattern indicated stronger improvement 
in the KI+SL condition. Situation‑specific skill measures (e.g., lesson plans or scenario‑based performance) were 
not included in CUU3. 

Wilcoxon signed‑rank tests revealed no statistically significant pre–post changes for overall ICAP or any ICAP 
subdimension in either condition. Mann–Whitney U tests comparing post‑test ICAP scores between CUU3.1 
and CUU3.2 showed no statistically significant group differences. 

Conclusion for H2.3. Not supported.  Situated learning did not result in measurable advantages in teachers’ 
situation‑specific practices or technology integration.  

Overall conclusion for CUU3: CUU3 analysed KI and KI+SL in a short six-week professional development 
format. Overall, the findings indicate no clear effects: neither condition produced significant outcome gains 
and no consistent advantages of KI+SL emerged. Given the very small sample sizes and short duration, the 
study had limited power to detect change. CUU3 suggests that in brief, low-intensity professional 
development, adding situated learning is not sufficient to produce measurable improvements in teachers’ 
competence, motivation, or practice. 
 

CUU4: Pre-service teachers’ pedagogical digital competence and SRL (long course) 

Goal: CUU4 aimed to develop pre‑service teachers’ PDC with an emphasis on digital teaching and learning, 
technology integration, and self‑regulated learning.  To investigate the role of instructional design complexity, 
CUU4 contrasted knowledge instruction only (KI) with knowledge instruction combined with situated learning 
(KI+SL) across two experimental conditions, allowing examination of whether embedding learning in authentic, 
practice‑oriented contexts yields added value for pre‑service teachers’ competence development and transfer. 
Length: 6 months 

Reliability analysis (see Annex A). Reliability analysis revealed clear differences between competence‑ and 
belief‑oriented measures and knowledge‑focused scales. Overall, self‑report measures assessing teachers’ DC, 
SE_DT, SE_SRL, Adoption and technology integration practices demonstrated good to excellent internal 
consistency, particularly at post‑test. In contrast, knowledge‑based scales measuring the technological potential 
of ICT and educational psychological principles of ICT showed low and unstable reliability. No 
situation‑specific skill measures were included in CUU4, and no items were removed from any scale.  
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CUU4.1. Teachers’ PDC-related outcomes by condition 
 Conditions 
 CUU4.1 CUU4.2 
 KI+SL KI 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Tech_pot M=11.38 (2.37) N=37 M=11.35 (2.06) N=31 M=11.71 (1.94) 

N=28 
M=11.08 (1.66) 
N=25 

EdPsych M=7.86 (1.51) N=37 M=7.16 (1.69) N=31 M=7.96 (1.20) N=28 M=8.04 (1.59) N=25 
DC M=3.22 (1.01) N=37 M=2.73 (1.14) N=31 M=2.73 (0.81) N=28 M=2.53 (1.14) N=25 
SE_DT M=3.75 (0.86) N=37 M=3.75 (0.90) N=31 M=3.43 (0.86) N=28 M=3.39 (0.82) N=25 
SE_SRL M=3.38 (0.86) N=37 M=3.59 (0.72) N=31 M=3.25 (0.38) N=28 M=2.98 (0.98) N=25 

H1.1 KI vs KI+SL → Teacher knowledge  
Overall pre-post patterns: Across both conditions, pre‑service teachers demonstrated moderate baseline levels 
of ICT‑related knowledge. In the KI+SL condition, knowledge scores related to both the technological potential 
of ICT and educational psychological principles showed slight declines or stability. In contrast, the KI‑only 
condition displayed stable or marginally increasing knowledge scores, particularly for educational psychological 
principles of ICT. Overall, descriptive trends did not indicate systematic knowledge gains associated with 
increased training complexity. 

Paired‑samples t‑tests and Wilcoxon signed‑rank tests conducted separately within each condition revealed 
no statistically significant pre–post improvements in ICT‑related knowledge for either CUU4.1 or CUU4.2. 
Independent‑samples t‑tests and Mann–Whitney U tests comparing post‑test knowledge scores between 
conditions showed no consistent or robust group differences, with only isolated effects emerging that were 
small in magnitude. 

Conclusion for H1.1. Not supported. Neither KI alone nor KI+SL led to significant improvements in 
ICT‑related knowledge among pre‑service teachers.  

H1.3 KI vs KI+SL → Teacher situation-specific skills, beliefs, and attitudes 

Overall pre-post patterns: Across belief‑ and competence‑related outcomes, descriptive changes were small and 
inconsistent. In the KI+SL condition (CUU4.1), self‑efficacy for supporting SRL showed a modest descriptive 
increase, while self‑efficacy for digital teaching remained largely stable. Teachers’ digital competence showed a 
slight decline from pre‑ to post‑test. In the KI‑only condition, self‑efficacy measures remained stable or showed 
small decreases, and digital competence likewise declined slightly.  

Wilcoxon signed‑rank tests revealed no statistically significant pre–post changes in self‑efficacy for digital 
teaching, self‑efficacy for supporting SRL, or digital competence within either condition. Mann–Whitney U 
tests comparing post‑test scores between CUU4.1 and CUU4.2 identified significant group differences in 
self‑efficacy for digital teaching and self‑efficacy for supporting SRL, favoring the KI+SL condition, 
though effect sizes were small to medium. No significant between‑group differences were observed for teachers’ 
digital competence. 
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Conclusion for H1.3. Not supported. Although pre‑service teachers in the KI+SL condition demonstrated 
slightly more favorable post‑test self‑efficacy beliefs, these differences were selective and did not generalize across 
competence‑related outcomes.  

CUU4 Adoption intentions condition 
 Condition 
 CUU4.1 CUU4.2 
 KI+SL KI 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Adoption M=4.74 (.96) N=37 M=4.02 (1.25) N=31 M=4.13 (.64) N=28 M=3.90 (1.06) N=25 

H2.1 KI vs KI+SL on adoption intentions 
Overall pre-post patterns: Across both CUU4 conditions, pre‑service teachers reported moderate to high 
intended adoption of new teaching practices at pre‑test. From pre‑ to post‑test, intended adoption declined 
slightly in both the KI+SL condition and the KI‑only condition. Descriptively, post‑test adoption intentions were 
marginally higher in the KI+SL condition, though variability within both groups remained substantial.  

Wilcoxon signed‑rank tests conducted separately for CUU4.1 and CUU4.2 revealed no statistically significant 
pre–post changes in intended adoption in either condition. Mann–Whitney U tests comparing post‑test 
adoption scores between conditions showed no statistically significant group difference. Moderation 
analyses did not reveal any stable interaction effects with learner characteristics that would indicate differential 
adoption patterns. 

Conclusion for H2.1. Not supported. Situated learning did not lead to higher intended adoption of new 
teaching practices among pre‑service teachers compared to knowledge instruction alone. The slight decline in 
adoption intentions across both conditions suggests that extended exposure may have led to more realistic 
self‑assessment rather than increased readiness to implement new practices. 

CUU4: Technology-integration practices by condition 
 Conditions 

 CUU4.1 CUU4.2 
 KI+SL KI 
Measur
e 

Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 

ICAP_a M=3.64 (.62) N=37 M=3.47 (1.04) N=31 M=3.44 (.65) N=28 M=2.92 (.99) N=25 
ICAP_c M=3.53 (.71) N=37 M=3.31 (1.09) N=31 M=3.23 (.58) N=28 M=3.11 (.98) N=25 
ICAP_i M=3.29 (.71) N=37 M=3.08 (1.05) N=31 M=3.06 (.55) N=28 M=2.87 (1.06) N=25 

Overall pre-post patterns: Technology integration practices (ICAP) showed small descriptive improvements 
across both CUU4 conditions over time. Gains were slightly more pronounced in the KI+SL condition, 
particularly for active and constructive dimensions of engagement. However, differences between conditions 
were minimal. No direct situation‑specific performance measures (e.g., lesson plans or scenario‑based 
assessments) were included in CUU4. 
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H2.3 KI vs KI+SL on technology-integrated practices  

Wilcoxon signed‑rank tests showed no statistically significant pre–post changes in overall ICAP or its 
subdimensions in either condition. Mann–Whitney U tests comparing post‑test ICAP scores between 
CUU4.1 and CUU4.2 revealed no statistically significant group differences. 

Conclusion for H2.3. Not supported. Situated learning did not result in measurable advantages in teachers’ 
technology integration practices. The findings suggest that, for pre‑service teachers, extended coursework alone 
may be insufficient to produce observable changes in situation‑specific instructional practices without stronger 
links to authentic classroom implementation. 

Overall conclusion for CUU4: CUU4 examined KI and KI+SL in an extended six-month pre-service course. 
Overall, the findings show limited and selective effects, with no robust advantages of the more complex 
condition (KI+SL) across most competence-, motivation-, and transfer-related outcomes. At the competence 
level, neither condition led to significant gains in ICT-related knowledge, and overall self-efficacy and digital 
competence remained largely stable, with only small advantages for KI+SL in selected belief measures. For 
transfer, adoption intentions declined slightly and ICAP practices showed no meaningful change, indicating 
limited translation into practice. Results of CUU4 suggest that extended duration and added complexity alone 
are insufficient to produce strong improvements in pre-service teachers’ PDC. While situated learning 
contributed modestly to beliefs, it did not lead to broader competence or practice gains, highlighting the need 
for more explicit, practice-based and classroom-connected training designs. 
 

4.4 TAU: Pre- and in-service teachers’ GenAI focused pedagogical digital competence 

CI1: Pre-service teachers’ GenAI focused pedagogical digital competence 

Goal. CI1 examined whether increasing training complexity from knowledge instruction (KI) to knowledge 
instruction combined with collaborative design (KI+CD) leads to stronger improvements in pre‑service teachers’ 
PDC. PDC was conceptualized broadly, encompassing professional knowledge, digital competence, self‑efficacy, 
learning strategies, and intended adoption of technology‑enhanced learning.  
Length: 3 months 

Reliability analysis (see Annex A) Reliability analyses showed a mixed pattern across instruments and 
measurement points. Several self-report scales, such as SE_DT and DC_GenAI, demonstrated good to excellent 
internal consistency. In contrast, some knowledge-based and SRL-related measures showed low, unstable, and in 
some cases negative reliability coefficients, likely due to short scales, small samples, and construct heterogeneity. 
Nevertheless, composite mean scores were retained for analysis because the included items were theoretically 
grounded and based on previously validated instruments used in prior research. Findings related to these measures 
should therefore be interpreted with caution. SSS measures showed acceptable reliability at post-test. In line with 
the consortium’s harmonised strategy, no items were removed, in order to preserve theoretical coherence and 
cross-case comparability. 
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CI1: Teacher PDC-related outcomes by condition 
 Condition 
 CI1.1 CI1.2 
 KI KI+CD 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Tech_pot M=2.23 (.35) N=13 M=2.28 (.55) N=11 M=2.44 (.33) N=16 M=2.48 (.41) N=14 
EdPsych M=2.48 (.58) N=13 M=2.18 (.51) N=11 M=2.36 (.72) N=16 M=2.19 (.62) N=14 

DC_genAI M=3.51 (.52) N=13 M=3.72 (.48) N=11 M=2.98 (.59) N=15 M=3.62 (.67) N=14 

SE_DT M=4.10 (.88) N=13 M=3.79 (1.08) N=11 M=3.52 (1.29) N=16 M=3.36 (1.03) N=14 

SE_SRL_DI M=3.51 (.75) N=13 M=3.69 (.59) N=11 M=3.62 (.81) N=15 M=3.83 (.53) N=14 

SE_SRL_II M=3.44 (.55) N=13 M=3.48 (.41) N=11 M=3.60 (.56) N=15 M=3.61 (.48) N=14 

Own_MSLQ M=3.40, (.56) N=13 M=3.43, (.52) N=11 M=3.14, (.39), N=15 M=3.37, (.39), N=14 

 
H1.1 KI vs KI+CD → knowledge 

Overall pre-post pattern: Across both conditions, descriptive pre–post patterns indicated high stability in 
teacher knowledge. Mean scores for technological potentials of ICT showed only very small increases from pre‑ 
to post‑test in both the KI and KI+CD conditions. For educational psychology principles, mean scores slightly 
decreased over time in both groups. Importantly, the magnitude and direction of change were comparable across 
conditions, providing no descriptive evidence that adding Collaborative Design led to stronger knowledge gains 
during the three‑month intervention. 

Paired-sample t-tests with BCa bootstrap confidence intervals were conducted to examine within‑group pre-
post changes in teachers’ knowledge, specifically technological potentials of ICT and educational psychology 
principles. These analyses revealed no statistically significant pre-post differences for either knowledge 
measure in the KI or the KI+CD condition (all p > .05), indicating stable knowledge levels over time. Mixed-
design ANOVA (Time x Group) were then performed to assess whether knowledge development differed 
between the two training conditions. These analyses showed no significant main effects of time and no 
significant Time × Group interaction effects for either knowledge variable, suggesting comparable change 
patterns across KI and KI+CD. Bootstrapped ANCOVA models examining post‑test knowledge outcomes 
while controlling for pre‑test scores, further indicated no significant group differences at post‑test (p > .05), 
confirming that training condition did not predict teachers’ knowledge once baseline levels were taken 
into account. 

Conclusion for 1.1: Not supported. Increasing training complexity from KI to KI +CD did not result in 
stronger improvements in teacher knowledge. Instead, knowledge levels remained largely stable across both 
conditions, suggesting that short‑term increases in instructional complexity were insufficient to substantially alter 
pre‑service teachers’ foundational knowledge in this case. 

H1.2 KI vs KI+CD → Teachers’ situation-specific skills, beliefs, and attitudes 
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Overall pre-post pattern: Descriptive pre-post patterns showed high stability in self‑efficacy outcomes across 
both conditions. SE_DT slightly decreased from pre‑ to post‑test in both KI and KI+CD, whereas SE_SRL - 
both direct and indirect instruction - showed small increases over time in each group. The magnitude of these 
changes was modest and largely similar across conditions, indicating no clear descriptive advantage for the more 
complex KI+CD training. 

Paired-sample t-tests with BCa bootstraps confidence intervals were conducted to examine within‑group pre-
post changes in self-efficacy beliefs and analyses showed no statistically significant pre–post differences for 
any self‑efficacy outcome in either the KI or the KI+CD condition, indicating stable self‑efficacy beliefs over time.  

Mixed-design ANOVA (Time x Group) were then used to assess whether changes in self‑efficacy differed 
between conditions. These analyses revealed no significant main effects of time and no significant Time × 
Group interaction effects for any self‑efficacy variable, suggesting comparable change patterns across KI and 
KI+CD. Bootstrapped ANCOVA models, testing post‑test self‑efficacy outcomes while controlling for 
pre‑test levels, further indicated no significant group differences at post‑test (p > .05), confirming that training 
condition did not predict self‑efficacy outcomes once baseline differences were accounted for. 

Conclusion for H1.2: Not supported. Increasing training complexity by adding CD did not lead to stronger 
improvements in self‑efficacy beliefs.  

H1.3 Teacher PDC-related digital competence beliefs and situation-specific skills  

Overall pre-post pattern: Descriptive results showed different pre-post patterns for DC_GenAI across 
conditions, while SSS were assessed post‑test only. For DC_GenAI, both conditions demonstrated increases 
from pre‑ to post‑test; however, the increase was substantially larger in the KI+CD condition, which started from 
a lower baseline and reached a level comparable to that of the KI group at post‑test. For SSS, post‑test mean scores 
were higher in the KI condition than in the KI+CD condition, though variability was high in both groups. 
Overall, the descriptive patterns suggest improvement in digital competence over time across conditions, with no 
clear descriptive advantage of CD for performance‑based situation‑specific skills. 

Paired‑samples t‑tests with BCa bootstrap confidence intervals were conducted to examine within‑group pre–
post changes in DC_GenAI. Analyses showed no statistically significant pre-post change in the KI condition, 
whereas a statistically significant within-group increase over time was observed in the KI+CD 
condition, indicating improvement over time within that group. 

Mixed‑design ANOVAs (Time × Group) were then applied to test whether DC_GenAI gains differed between 
conditions. These analyses revealed a significant main effect of time, reflecting overall improvement across 
groups, but no significant Time × Group interaction, indicating that the relative amount of change did not 
differ statistically between KI and KI+CD. Bootstrapped ANCOVA models, examining post‑test DC_GenAI 
while controlling for pre‑test levels, indicated no significant group differences at post‑test, suggesting that 
post‑intervention competence levels were comparable once baseline differences were taken into account. 
Independent‑samples t‑tests were used to compare post‑test SSS between conditions. These analyses showed 
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no statistically significant differences between KI and KI+CD on lesson‑plan performance (p > .05), 
indicating no condition effect on this performance‑based outcome. 

Conclusion for H1.3: Not supported. Although teachers in the KI+CD condition showed a significant 
within‑group increase in DC_GenAI, improvement did not translate into a statistically significant advantage over 
KI alone once baseline levels were controlled. Furthermore, CD did not lead to higher SSS as measured by 
lesson‑plan performance. Overall, the findings suggest that while digital competence can improve over time, 
increasing training complexity through Collaborative Design alone did not produce consistently stronger or 
transferable gains in integrated, performance‑based outcomes in the TAU CI1 case. 

CI1: Adoption by condition 
 Condition 
 CI1.1 CI1.2 
 KI KI+CD 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Adoption M=3.14 (.46)  

N=13 
M=3.23 (.88) 
N=11 

M=2.20 (.83) N=16 M=2.93 (1.27)  N=14 

H2.1 KI+CD on adoption intentions 

Overall pre-post patterns: Descriptive results showed different change patterns across conditions for intended 
adoption of technology‑enhanced learning. In the KI condition, adoption intentions were already relatively high 
at pre‑test and remained largely stable over time. In contrast, teachers in the KI+CD condition started from a 
lower baseline but showed a clear increase from pre‑ to post‑test, resulting in more similar post‑test adoption levels 
across the two groups. 

Paired‑samples t‑tests with BCa bootstrap confidence intervals were conducted to examine within‑group 
pre–post changes in intended adoption. These analyses indicated no significant change in the KI condition, 
whereas a statistically significant increase was found in the KI+CD condition, indicating stronger 
post‑intervention adoption intentions in that group. Mixed‑design ANOVAs (Time × Group) were then applied 
to test whether changes differed between conditions. These analyses revealed a statistically significant Time × 
Group interaction, indicating that the increase in intended adoption was significantly stronger in the KI+CD 
condition compared to KI. Bootstrapped ANCOVA models, examining post‑test adoption while controlling for 
pre‑test levels, showed no significant baseline‑adjusted group differences, suggesting that post‑test 
convergence reduced between‑group differences once initial disparities were taken into account. 

Mediation analyses using Hayes’ PROCESS macro (Model 4) were conducted to test whether SRL mediated 
the relationship between training condition and (a) intended adoption and (b) digital competence. These analyses 
showed no significant indirect effects of training condition through SRL, as bootstrap confidence intervals 
included zero in both models. Training condition did not directly predict intended adoption or digital 
competence. Regression paths within the mediation models indicated, however, that post‑intervention SRL was 
a statistically significant positive predictor of both intended adoption and GenAI/digital competence, regardless 
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of training condition. This pattern suggests that SRL contributed independently to explaining transfer‑related 
outcomes. Teachers’ self‑regulated learning skills did not mediate the effect of training complexity on adoption 
intentions or digital competence. Nevertheless, SRL emerged as a robust independent predictor of both 
outcomes, highlighting the importance of individual learning regulation for technology‑related transfer, beyond 
instructional design features. 

Conclusion for H2.1. Partially supported. While the KI+CD condition showed a significantly stronger 
increase in intended adoption over time, this effect was not robust when controlling for baseline differences, and 
no significant post-test group differences were found. 

CI1: Technology-integration practices by condition 
 Condition 
 CI1.1 CI1.2 
 KI KI+CD 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Tech_qual_gl_
LP 

 M = 13.30 (3.23), N = 
10 

 M = 13.38 (2.77), N = 8 

Tech_qual_LP  M = 10.45 (2.54), N = 
11 

 M = 11.36 (2.84), N = 11 

Tech_expl_LP  M = 4.30 (1.49), N = 
10 

 M = 4.25, ( 2.05), N = 8 

Overall pre-post pattern: Overall, the pre–post pattern indicated relatively stable lesson-plan quality outcomes 
across both conditions. While the KI+CD condition (CI1.2) showed slightly higher post-test scores for overall 
technology quality and technology integration quality, technology explanation scores remained largely 
unchanged in both groups. 

H2.2 - CD → Technology Integration  

Independent-samples t-tests comparing the post-test lesson-plan outcomes between conditions showed no 
statistically significant differences for technology explanation, technology integration or overall technology 
quality. These findings suggest that the KI and KI+CD conditions resulted in comparable levels of lesson-plan 
quality and technology integration performance at post-test.  

Conclusion for H2.2. Not supported, as no statistically significant differences were found between the KI and 
KI+CD conditions in lesson-plan quality, technology integration, or technology explanation outcomes. 
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CI1: Situation-specific skills in practice (based on  lesson plans) by conditions  
 Condition 
 CI1.1 CI1.2 
 KI KI+CD 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
SSS_LP  M = 3.67 (2.24), N = 

9 
 M = 2.70, (2.31), N = 10 

 
Overall patterns: Situation‑specific skills were assessed through a post‑test lesson‑plan. Descriptively, teachers 
in the KI condition obtained slightly higher mean scores than those in the KI+CD condition; however, scores 
showed substantial variability in both groups, and no clear descriptive advantage for CD was evident. 

H2.3 - KI vs. KI+CD → Situation-Specific Skills  
 
Independent‑samples t‑tests with BCa bootstrap confidence intervals were conducted to compare post‑test 
situation‑specific skills between conditions. These analyses revealed no statistically significant differences 
between KI and KI+CD, indicating that training conditions did not influence lesson‑plan quality. 
 
Conclusion for H2.3: Not supported. Increasing training complexity through Collaborative Design did not 
lead to stronger lesson plans in practice, as measured by lesson‑plan performance. This finding suggests that, 
within CI1, gains in intended adoption did not translate into measurable advantages in applied instructional 
performance. 
 

Overall conclusion for CI1:  Increasing training complexity from KI to KI+CD produced selective but 
limited effects. Most PDC-related outcomes, including knowledge, self-efficacy, digital competence, and 
situation-specific skills, remained largely stable, with no robust advantages for the more complex 
condition. The clearest effect emerged for intended adoption, which increased more strongly in the KI+CD 
condition. Teachers’ SRL did not mediate intervention effects but predicted adoption intentions and digital 
competence outcomes. Overall, the findings suggest that collaborative design may support readiness for 
transfer, but short-term increases in training complexity alone are insufficient to produce broader competence 
gains. 
 

CI2: In-service teachers’ GenAI-oriented PDC development  

Goal. CI2 examines whether a further increase in training complexity, from Knowledge Instruction combined 
with Collaborative Design (KI+CD) to Knowledge Instruction combined with Collaborative Design and 
Situated Learning (KI+CD+SL), leads to stronger improvements in in‑service teachers’ PDC, transfer into 
classroom practice, and student‑level outcomes. CI2 explicitly extended the intervention into teachers’ authentic 
instructional contexts and included a control group with no training, allowing for more robust comparisons 
across levels of implementation.  
Length: 7 months 
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Reliability analysis (see Annex A) indicated an overall acceptable to good level of internal consistency across 
most teacher‑level self‑report instruments at both measurement points. Scales assessing teacher knowledge, 
self‑efficacy for digital teaching, self‑efficacy for supporting self‑regulated learning, digital competence, and 
self‑regulated learning strategies generally yielded Cronbach’s alpha values in the acceptable to good range. Some 
knowledge-related measures, particularly TechPot and EdPsych, showed low or negative alpha coefficients across 
measurement points. Nevertheless, composite mean scores were retained because the scales were derived from 
previously established instruments and were preserved to maintain theoretical coherence and comparability 
across cases and measurement points. Findings related to these measures should therefore be interpreted with 
caution.. Performance‑oriented and composite competence measures collected post‑test only demonstrated 
reliability levels consistent with prior applications of these instruments. In line with the overall strategy, no items 
were removed to optimize internal consistency, in order to preserve theoretical coverage and comparability across 
conditions and partners. Overall, the reliability results suggest that the CI2 findings are robust and interpretable, 
while acknowledging that effect estimates, especially for smaller subsamples, should be interpreted with 
appropriate caution. 

CI2: Teacher PDC-related outcomes by condition 
 Conditions 

 CI2.0 CI2.1 CI2.2 

Measure Pre mean 
(SD) 

Post mean 
(SD) 

Pre mean 
(SD) 

Post mean 
(SD) 

Pre mean 
(SD) 

Post mean 
(SD) 

Tech_pot M=2.22 (.35) 
N=12 

M=2.15 (.55)  
N=11 

M=2.15 (0.45) 
N=16 

M=2.06 (.45) 
N=12 

M=2.18 (.32) 
N=17 

M=2.25 (.42) 
N=18 

EdPsych M=2.19 (.44) 
N=16 

M=1.81 (.51) 
N=11 

M=2.02 (0.55) 
N=16 

M=1.92(.34) 
N=12 

M=2.35 (.32) 
N=17 

M=2.18 (.32) 
N=18 

DC_Gen
AI 

M=2.75 (.82) 
N=11 

M=3.69 (.77) 
N=11 

M=3.33 (.69) 
N=15 

M=3.46 (.56) 
N=12 

M=3.12 (.64) 
N=17 

M=3.47 (.60) 
N=18 

SE_DT M=3.89 (.97) 
N=12 

M=3.58 (.67) 
N=11 

M=3.47 (.75) 
N=16 

M=3.68 (.86) 
N=12 

M=3.88 (.79) 
N=17 

M=3.68 (.75) 
N=18 

SE_SRL_
DI 

M=3.06 (.85) 
N=12 

M=3.52 (.64) 
N=11 

M=3.76 (.71) 
N=16 

M=3.18 (.48) 
N=12 

M=3.16 (.74) 
N=18 

M=2.99 (.71) 
N=18 

SE_SRL_
II 

M = 3.06(.85) 
N = 12 

M = 3.52 
(.64) 
N = 11 

M = 3.76 ( .71) 
N = 16 

M = 3.18 ( 
.48) 
N = 12 

M = 3.16 ( 
.74) 
N = 18 

M = 2.99 ( .71) 
N = 18 

SSS_globa
l 

   M = 10.86 
(2.54) N = 7 

 M = 12.00 
(6.22) N = 16 

H1.1 - Control vs. KI+CD vs. KI+CD+SL → Teacher Knowledge 

Overall pre-post patterns: Descriptive results indicated largely stable teacher knowledge across all three 
conditions. For technological potentials of ICT, only the KI+CD+SL group showed a small descriptive increase 
from pre‑ to post‑test, whereas both the control group and the KI+CD group showed slight decreases over time. 
For educational psychology principles, mean scores decreased from pre‑ to post‑test in all three groups, with the 
strongest decline observed in the control group. For technological potentials of ICT, descriptive patterns differed 



EffecTive - Efficiency and Effectiveness of Training for Teachers’ Pedagogical Digital Competence 
 

58 

across conditions: whereas the control and KI+CD groups showed small decreases over time, the KI+CD+SL 
group showed a slight increase from pre- to post-test. Overall, however, these differences remained small and did 
not indicate a robust advantage for higher training complexity..  

Paired‑samples t‑tests with BCa bootstrap confidence intervals were conducted to examine within‑group 
pre–post changes in teacher knowledge. These analyses revealed no statistically significant changes for 
technological potentials of ICT or educational psychology principles in any of the three conditions.  
Mixed‑design ANOVAs (Time × Group) were then performed to test whether knowledge development differed 
between conditions. These analyses showed no significant main effects of time and no significant Time × 
Group interaction effects for either knowledge measure. Bootstrapped ANCOVA models, comparing 
post‑test knowledge scores while controlling for pre‑test levels, indicated no significant group differences at 
post‑test, confirming that training complexity did not predict teacher knowledge outcomes once baseline 
differences were accounted for. 

Conclusion for H1.1: The findings do not support H1.1, no statistically significant interaction effects emerged, 
but descriptive pre-post patterns showed that only the KI+CD+SL condition exhibited gains in teachers’ 
knowledge of technological potentials of ICT, whereas both the control group and the KI+CD condition showed 
declines.  

H1.2 - Control vs. KI+CD vs. KI+CD+SL → Self-Efficacy Beliefs 

Overall pre-post patterns: Across all conditions, self‑efficacy beliefs showed only modest changes over time. 
SE_DT slightly decreased from pre‑ to post‑test in the control and KI+CD+SL groups, while the KI+CD group 
showed a small increase. For SE_SRL, both direct and indirect instruction exhibited mixed patterns, with 
increases in some groups and decreases in others, but no consistent gradient corresponding to training complexity.  

Paired‑samples t‑tests with BCa bootstrap confidence intervals were conducted to examine within‑group 
pre–post changes in all self‑efficacy measures. These analyses revealed no statistically significant changes in 
any condition for self‑efficacy for digital teaching, SRL direct instruction, or SRL indirect instruction. 
Mixed‑design ANOVAs (Time × Group) showed no significant main effects of time and no significant 
interaction effects for any self‑efficacy outcome, indicating that changes did not differ systematically across 
conditions. Bootstrapped ANCOVA models, assessing post‑test self‑efficacy while controlling for baseline 
levels, further indicated no significant group differences, confirming the absence of training‑complexity 
effects on teachers’ self‑efficacy beliefs. 

Conclusion for H1.2. The findings do not support H1.2. Neither training produced stronger self‑efficacy gains 
compared to less complex or no training. These findings suggest that teachers’ self‑efficacy beliefs may be relatively 
stable and resistant to change, even when interventions are extended and embedded in authentic practice contexts. 

H1.3 - Control vs. KI+CD vs. KI+CD+SL → Digital Competence and situation-specific skills 

Overall pre-post patterns: Descriptive results for DC_GenAI showed improvements over time in all three 
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conditions, including the control group, with slightly larger gains in the two intervention groups. At post‑test, 
mean levels of digital competence were comparable across KI+CD and KI+CD+SL, with only minor differences 
relative to the control group. For the post‑test‑only teachers’ digital competence measure (DC_GenAI), mean 
scores were highly similar across all three groups, showing no descriptive advantage for increased training 
complexity. 

Paired‑samples t‑tests with BCa bootstrap confidence intervals were conducted to test within‑group pre–
post changes in DC_GenAI and situation-specific skills. No statistically significant changes were found for 
situation-specific skills, however analyses revealed statistically significant increases of DC_GenAI over time, 
including in the control group, suggesting general development rather than intervention‑specific effects. 
Mixed‑design ANOVAs (Time × Group) revealed a significant main effect of time, but no significant Time × 
Group interaction, indicating that improvements in DC_GenAI did not differ significantly between 
conditions. Bootstrapped ANCOVA models, comparing post‑test DC_GenAI while controlling for baseline 
levels, showed no significant group differences. One‑way ANOVAs conducted for the post‑test‑only digital 
competence measure likewise indicated no statistically significant differences between conditions. 

Conclusion for H1.3. The findings do not support H1.3. Although teachers’ DC_GenAI improved over time, 
these gains were not attributable to increasing training complexity, nor did SL yield additional benefits beyond 
CD. The results suggest that DC_GenAI development may be driven more strongly by general exposure and 
contextual factors than by differences in instructional design alone. 

CI2: Adoption intentions by condition. 
 Conditions 

 CI2.0 CI2.1 CI2.2 

 control KI+CD KI+CD+SL 
Measure Pre mean (SD) Post mean 

(SD) 
Pre mean 

(SD) 
Post mean 

(SD) 
Pre mean 

(SD) 
Post mean 

(SD) 
Adoption M=3.38 (.72)  

N=12 
M=3.31 (.75) 
N=11 

M=3.12 (.66)  
N=16 

M=3.29 (.61) 
N=12 

M=3.05 (.68) 
N=18 

M=3.54 (.56)  
N=18 

H2.1 Control vs. KI+CD vs. KI+CD+SL → Teachers’ Intended Adoption 

Overall pre-post patterns: Descriptively, intended adoption showed a descriptively larger increase in the 
KI+CD+SL condition compared to the other groups. The KI+CD group showed a small increase over time, 
whereas adoption intentions in the control group remained largely stable. Post-test means suggested a graded 
pattern aligned with training complexity, with the highest adoption levels in the KI+CD+SL group. 

Paired-samples t-tests with BCa bootstrap confidence intervals revealed no statistically significant pre–post 
changes in adoption intentions in either the KI+CD or the KI+CD+SL condition. Mixed-design ANOVAs 
(Time × Group) showed no significant main effect of Time and no significant Time × Group interaction, 
indicating that changes in adoption intentions did not differ significantly between conditions. Bootstrapped 



EffecTive - Efficiency and Effectiveness of Training for Teachers’ Pedagogical Digital Competence 
 

60 

ANCOVA models, controlling for baseline adoption, indicated no significant baseline-adjusted post-test 
differences between groups. 

Conclusion for H2.1. The findings do not support H2.1. Although descriptive patterns suggested somewhat 
stronger increases in intended adoption in the KI+CD+SL condition, these differences were not statistically 
significant across the conducted analyses. Overall, increasing training complexity did not produce reliable 
improvements in teachers’ intended adoption of technology-enhanced learning. 

CI2: Technology-integration practices by conditions 
 Conditions 

 CI2.0 CI2.1 CI2.2 

 control KI+CD KI+CD+SL 
Measure Pre 

mean 
(SD) 

Post mean 
(SD) 

Pre 
mean 
(SD) 

Post mean (SD) Pre 
mean 
(SD) 

Post mean (SD) 

ICAP_a  M=3.75 (.62) 
N=11 

 M=3.30 (1.04) N = 12  M = 3.35 (.68) N = 
18 

ICAP_c  M=3.42 (.67) 
N=11 

 M = 3.33 ( .74) N = 12  M = 3.46 (.76) N = 
18 

ICAP_i  M = 3.57 
(.49) N = 11 

 M = 3.39, (.79) N = 12  M = 3.31 (.89) N = 
18 

Tech_qual_LP    M = 8.29, SD = 2.14, 
N = 7 

 M = 8.38 (1.26) N = 
16 

Tech_expl_LP    M = 5.57, SD = 1.99, 
N = 7 

 M = 4.56 (1.36) N = 
16 

Tech_qual_gl_LP    M = 12.57, SD = 3.82, 
N = 7 

 M = 11.69 (1.82) N = 
16 

H2.2 Control vs. KI+CD vs. KI+CD+SL → Technology-integration practices 

Overall patterns: Overall, descriptive post-test patterns indicated only minor and inconsistent differences in 
technology integration across conditions. For ICAP-based indicators, values were largely comparable between 
the KI+CD and KI+CD+SL groups. Active integration was slightly higher in the KI+CD+SL condition 
compared to KI+CD, while constructive integration showed a similarly small advantage for KI+CD+SL. In 
contrast, interactive integration was marginally higher in the KI+CD condition. These differences were small in 
magnitude and inconsistent in direction, suggesting no clear descriptive pattern favoring one condition. For the 
ICAP-based indicators, comparisons with the control group indicated somewhat higher values in selected 
dimensions; however, these differences were likewise limited and not systematic. 

Independent-samples comparisons were conducted to examine differences between the KI+CD and 
KI+CD+SL conditions across all outcome variables, with additional robustness checks applied to confirm the 
stability of the findings. Overall, no meaningful differences were found between the two conditions for any of 
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the ICAP dimensions (active, constructive, interactive) or for the additional indicators related to technology 
quality and implementation. 

Conclusion for H2.2: The findings do not support H2.2. Both descriptive patterns and inferential analyses 
consistently indicate that the addition of the Situated Learning  component did not lead to measurable 
improvements in ICAP-based integration practices or related quality indicators.  

CI2: Situation-specific skills in practice (based on  lesson plans) by conditions  
 Conditions 

 CI2.0 CI2.1 CI2.2 
 control KI+CD KI+CD+SL 
Measure Pre mean (SD) Post mean 

(SD) 
Pre mean 

(SD) 
Post mean 

(SD) 
Pre mean 

(SD) 
Post mean 

(SD) 
SSS_LP    M = 3.86 

(2.54) N = 7 
 M = 5.00 

(1.15) N = 16 

H2.3 Control vs. KI+CD vs. KI+CD+SL → Situation-specific skills in practice 

Overall pre-post pattern: Overall, the pre–post pattern suggested more favorable development in situation-
specific skills within the KI+CD+SL condition compared to the KI+CD condition. While no pre-test data were 
available for direct within-group comparison, post-test scores indicated higher lesson-plan situation-specific skills 
in the KI+CD+SL group. 

Independent-samples comparisons showed that the KI+CD+SL condition demonstrated descriptively higher 
post-test scores for lesson-plan situation-specific skills than the KI+CD condition. However, the differences 
between groups did not reach statistical significance for either lesson-plan–based or scenario-based situation-
specific skills. 

Conclusion for H2.3: was not supported, as the KI+CD+SL condition did not demonstrate statistically 
significantly higher situation-specific skills than the KI+CD condition, despite descriptively more favorable post-
test scores in the lesson-plan measure. 
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CI2: Students’ outcomes by conditions  
 Conditions 

 CI2.0 CI2.1 CI2.2 
 control KI+CD KI+CD+SL 
Measure Pre 

mean 
(SD) 

Post 
mean 
(SD) 

Pre mean 
(SD) 

Post mean (SD) Pre mean (SD) Post mean (SD) 

St_ICAP_glob
al 

   M=3.39 (.89)  
N=163 

 M=3.34 (1.04)  
N=220 

St_MSLQ_glo
bal 

  M=3.32 (.67) 
N=168 

M=3.44 (.64) 
N=163 

M=3.23 (.75) 
N=259 

M=3.35 (.82) 
N=220 

st_SE_DT   M=3.23 (.72) 
N=140 

M=3.39 (.78) 
N=163 

M=3.15 (.85) 
N=229 

M=3.37 (.95) 
N=220 

St_subskills   M=3.39 (.63) 
N=168 

M=3.41 (.68) 
N=163 

M=3.31 (.72) 
N=259 

M=3.42 (.87) 
N=220 

St_subj_int   M=3.45 (.97) 
N=140 

M=3.55 (.93) 
N=163 

M=3.09 (.97) 
N=229 

M=3.34 (1.03) 
N=220 

St_SoB_global    M=3.26 (.88) 
N=163 

 M=3.24 (1.05) 
N=220 

 
H2.4 Control vs. KI+CD vs. KI+CD+SL → Students’ subject-specific skills 
 
Overall pre-post patterns: Descriptive patterns indicated small but consistent increases across most student-
level outcomes from pre- to post-test in both conditions. Students’ self-regulated learning skills, digital self-
efficacy, subject-specific skills, and subject-specific interest showed slight improvements over time. Across 
conditions, mean differences were generally small. Pre–post improvements in SRL were identical across 
conditions, whereas larger improvements in digital self-efficacy and subject-specific interest were observed in the 
KI+CD+SL condition.. TThe sense of belonging, which was assessed at post-test only, showed nearly identical 
values across conditions.. Overall, differences between groups were modest and not consistent across outcomes, 
suggesting largely comparable patterns across training formats. 
 
Paired-samples t-tests with 5000 bias-corrected and accelerated (BCa) bootstrap samples were conducted 
separately for each condition to examine within-group changes over time. Results indicated no significant pre-
post differences in subject-specific skills in either the KI+CD or the KI+CD+SL condition. In addition, a 
mixed-design ANOVA (Time × Group) revealed no significant main effect of time and no significant 
interaction between time and group, indicating that changes over time did not differ between conditions. 
Finally, bootstrapped ANCOVA models controlling for baseline performance showed no significant differences 
in post-test scores between the KI+CD and KI+CD+SL groups. Across all analyses, results consistently indicated 
the absence of statistically significant effects. 
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Conclusion for H2.4: Not supported. Both descriptive and inferential analyses consistently suggest that 
neither the KI+CD approach nor the addition of situated learning components led to measurable gains in subject-
specific performance.. 
 
H3.1  Students’ SRL moderates the effect of TEL practices on achievement gaps  

Moderation analyses were conducted using Hayes’ PROCESS macro (Model 1) with mean-centered predictors 
to examine whether students’ SRL moderated the effects of technology integration practices and training 
complexity on multiple outcome variables. 

For ICAP-based technology integration, the interaction with SRL approached significance when predicting 
digital self-efficacy (b = 0.08, SE = 0.04, t(298) = 1.95, p = .052), indicating a potential trend toward stronger 
effects for students with higher SRL. However, no significant interaction effects were found for subject-specific 
skills or interest. Similarly, for student-reported technology integration practices, no significant interaction effects 
with SRL were observed across digital self-efficacy, subject-specific skills, or interest (all ps > .56). Across all 
moderation models, both technology integration variables and students’ SRL emerged as consistent positive 
predictors of digital self-efficacy, subject-specific skills, and interest (all ps < .001), indicating robust main effects 
independent of moderation. 

Additional moderation analyses examining training complexity (KI+CD vs. KI+CD+SL) likewise revealed no 
significant interaction effects with SRL across any outcome variable. Training complexity was generally not a 
significant predictor, except for a small negative effect on subject-specific interest (b = −0.20, p = .040), suggesting 
slightly higher interest in the less complex condition (KI+CD). 

Finally, an independent-samples t-test with 5000 BCa bootstrap samples revealed a small but statistically 
significant difference in sense of belonging at post-test, t(381) = 2.12, p = .035, with higher values in the KI+CD 
condition compared to the KI+CD+SL condition, however, this effect should be interpreted cautiously, as no 
pre-test data were available. 
 
Conclusion for H3.1. Not supported. While both SRL and technology integration emerged as robust positive 
predictors across models, their interaction did not significantly influence digital self-efficacy, subject-specific 
skills, or interest. A marginal trend for moderation was observed for digital self-efficacy, suggesting that ICAP-
based practices may be more beneficial for students with higher SRL, but this effect did not reach conventional 
levels of statistical significance. Overall, the findings indicate that the effects of technology integration are largely 
consistent across different levels of student SRL. Accordingly, Hypothesis 3.1 is not supported. 
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CI2: Teachers’ inclusion awareness by condition 
 Conditions 

 CI2.0 CI2.1 CI2.2 

 control KI+CD KI+CD+SL 
Measure Pre mean (SD) Post mean 

(SD) 
Pre mean 

(SD) 
Post mean 

(SD) 
Pre mean 

(SD) 
Post mean 

(SD) 
Incl_awar M=3.07, 

SD=.146 
N=8 

M=3.45, 
SD=.229 
N=8 

M=3.21, 
SD=.316 
N=11 

M=3.12, 
SD=.279 
N=11 

M=2.78, 
SD=.251 
N=17 

M=2.91, 
SD=.143 
N=17 

 
 
H3.2 - Training complexity lowers student achievement gaps via teachers’ inclusion awareness 
 
Overall pre-post patterns: Descriptive pre–post patterns indicated no consistent improvement in teachers’ 
inclusion awareness across conditions. In the KI+CD condition, scores showed a slight decrease from pre-test (M 
= 3.21, SD = 0.316, N = 11) to post-test (M = 3.12, SD = 0.279, N = 11). A similar pattern was observed in the 
KI+CD+SL condition, where values increased slightly from pre-test (M = 2.78, SD = 0.251, N = 17) to post-test 
(M = 2.91, SD = 0.143, N = 17), but remained lower overall compared to the KI+CD group. The control group 
showed descriptively higher post-test values (M = 3.45 vs. 3.07), although based on a small sample (N = 8). Across 
conditions, changes were small and inconsistent, suggesting largely stable levels of inclusion awareness over time. 
 
ANCOVA analyses (post‑test controlling for pre‑test scores) were conducted to examine group differences 
while controlling for baseline levels. Results revealed no significant effect of training complexity on teachers’ 
inclusion awareness, F(2, 32) = 1.37, p = .269, ηp² = .079. Pairwise comparisons were non-significant, and 
bootstrapped confidence intervals included zero, confirming the absence of group differences. 
 
Mixed‑design ANOVAs (Time × Condition) were used to assess changes in teachers’ inclusion awareness over 
time and to test whether growth trajectories differed across the control, KI+CD, and KI+CD+SL conditions. 
The analyses showed no significant main effect of time, no significant main effect of condition, and no significant 
Time × Condition interaction, indicating stable inclusion awareness levels across all groups. 
 
Conclusion for H3.2. Not supported. Increasing training complexity did not lead to higher levels of teachers’ 
inclusion awareness, nor did it translate into detectable reductions in student achievement gaps. These findings 
suggest that, within CI2, inclusion‑related mechanisms were not sufficiently activated by the intervention to 
impact equity outcomes at the student level. 
 
 
 
 



EffecTive - Efficiency and Effectiveness of Training for Teachers’ Pedagogical Digital Competence 
 

65 

Conclusion for CI2: CI2 examined whether increasing training complexity - by extending KI+CD with 
Situated Learning components - would strengthen teachers’ PDC, enhance classroom transfer, and contribute 
to more equitable student learning outcomes. While several teacher‑level outcomes showed selective 
improvements and TEL supported practices were incorporated into classroom instruction, effects on 
student‑level equity were limited. Across student outcomes, learning and engagement levels were generally 
positive, and student SRL consistently emerged as a key predictor of success. However, increased training 
complexity did not systematically reduce heterogeneity in student outcomes nor demonstrably narrow 
achievement gaps. Instead, TEL‑supported instruction appeared to produce broadly comparable patterns 
across student groups. Taken together, CI2 findings suggest that complex professional development 
interventions may improve instructional quality and student learning overall, still the findings suggest that 
equity gains may require more targeted mechanisms  
 

 

4.5 OULU: Pre-service teachers’ introductory pedagogical-digital competence course  

Goal. PO2 examined the strength of pre‑service teachers’ PDC and their ability to use digital technologies in 
pedagogically meaningful, inclusive, and learning‑oriented ways. In addition, the intervention examined whether 
increasing training complexity by adding Collaborative Design (KI+CD) to Knowledge Instruction (KI) 
would result in stronger outcomes. 
Length: 2 months 

Reliability analysis (see Annex A) showed good to excellent internal consistency across constructs and 
measurement points, supporting the robustness of the reported results.  

PO2: Teacher PDC-related outcomes by condition 
 Conditions 
 PO2.2 PO2.3 
 KI+CD KI 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Tech_pot M=12.30 (2.29) N=91 M=11.70 (2.37) N=82 M=12.90 (2.16) N=16 M=13.30 (1.84) N=15 
DC M=3.30 (.75) N=91 M=3.80 (.56) N=82 M=2.88 (1.22) N=16 M=3.86 (.38) N=15 
SE_DT M=4.11 (1.14) N=91 M=4.95 (1.06) N=82 M=4.23 (1.72) N=16 M=4.71 (1.35) N=15 
SE_SRL_D
I 

M=2.85 (.72) N=91 M=3.52 (.63) N=82 M=2.71 (1.10) N=16 M=3.60 (.51) N=15 

SE_SRL_II M=3.25 (.76) N=91 M=3.57 (.54) N=82 M=3.16 (1.06) N=16 M=3.62 (.48) N=15 
SSS_global M=1.25 (.50) N=91 M=2.79 (.78) N=81 M=1.31 (.45) N=16 M=3.09 (1.15) N=13 

H1.1 - KI vs. KI+CD → Teacher knowledge 

Overall pre-post patterns: Across both conditions, descriptive pre–post patterns indicated high stability in 
teachers’ perceived technological potential of ICT.  

Wilcoxon signed-rank tests revealed that neither condition showed a statistically significant pre–post change 
in technological potential of ICT. In the KI+CD condition, the pre‑ to post‑test difference approached but did 
not reach significance, while the KI condition showed clear stability over time.  Linear regression analysis was 
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conducted with post‑test technological potential as the dependent variable and pre‑test scores and training 
condition as predictors. Pre‑test scores emerged as a significant predictor of post‑test outcomes, indicating strong 
temporal stability. In addition, training condition showed a statistically significant effect when controlling for 
baseline levels, favoring the KI+CD condition; however, this effect did not correspond to meaningful overall 
gains at the descriptive level. 

Conclusion for H1.1. The findings do not support H1.1: No significant pre-post improvements in knowledge 
were observed in either condition. Although regression analyses showed a baseline-adjusted advantage for the 
KI+CD condition, this effect was not reflected in meaningful descriptive gains. Overall, there is no robust 
evidence that training method improved knowledge outcomes. 

H1.2 - KI vs. KI+CD → Digital Competence, Self-efficacy, and Situation-Specific Skills 

Overall pre-post patterns: Across both training conditions, descriptive statistics indicated moderate and 
consistent pre–post improvements in digital competence (DC) and self‑efficacy for digital teaching (SE_DT) as 
well as self‑efficacy for supporting self‑regulated learning (SE_SRL; direct and indirect). These gains were 
observed in both the KI and KI+CD conditions, with slightly larger descriptive increases in some outcomes, 
particularly digital competence, in the KI+CD condition. 

Situation‑specific skills, assessed at post‑test only, showed comparable performance levels across both conditions, 
with no clear descriptive advantage for either group. 

Linear regression analyses were conducted to examine whether training condition (KI vs. KI+CD) predicted 
post‑test outcomes while controlling for baseline differences. Across models, pre‑test scores emerged as strong 
and statistically significant predictors of post‑test outcomes, indicating substantial stability in participants’ 
competence levels over time. 

For digital competence, the regression model indicated a small but statistically significant effect of training 
condition, with participants in the KI+CD condition showing slightly higher adjusted post‑test scores than those 
in the KI condition. However, this effect occurred in the absence of significant within‑group pre–post 
improvements beyond descriptive trends and was not reflected in substantial group differences. 

For self‑efficacy outcomes (SE_DT and SE_SRL), regression analyses did not reveal consistent or robust effects 
of training condition once baseline levels were taken into account. Similarly, situation‑specific skills, assessed at 
post‑test only, did not differ significantly between conditions. 

Taken together, these findings indicate that observed condition effects are small and primarily reflect baseline 
variation rather than meaningful differences in developmental trajectories between training formats. 

Conclusion for H1.2. The findings partially support Hypothesis 1.2. While both training conditions were 
associated with clear improvements in digital competence and self‑efficacy, the addition of Collaborative Design 
did not lead to systematically greater gains when baseline differences were controlled. 
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Overall, the results suggest that both instructional formats were effective in fostering professional development, 
but increasing training complexity did not fundamentally alter competence development patterns. Instead, initial 
competence levels played a dominant role in predicting post‑test outcomes, indicating comparable effectiveness 
of KI and KI+CD in this context. 

PO2:  Adoption intentions by condition. 
 Conditions 
 PO2.2 PO2.3 
 KI+CD KI  
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Adoption M=4.19 (.92)  N=91 M=4.42 (.77) N=82 M=4.44 (1.08)N=16 M=4.30 (.81)  N=15 

Overall pre-post patterns: Descriptive results showed that intended adoption of practices remained high and 
largely stable across both conditions. Small pre-post changes were observed, with a slight increase in the KI+CD 
condition and a marginal decrease in the KI condition; however, these changes were minor and did not indicate a 
clear advantage for either training format.  

H2.1 - KI vs. KI+CD → Teachers’ Intended Adoption 
 
Linear regression analysis indicated that pre‑test adoption was a strong and statistically significant predictor of 
post‑test adoption, underscoring the stability of adoption intentions over time. In contrast, training condition 
did not significantly predict post‑test adoption, indicating no added benefit of CD beyond KI. These 
findings were corroborated by independent‑samples (Welch’s) t‑tests and Mann–Whitney U tests, which 
likewise showed no statistically significant differences between conditions.  

Conclusion for H2.1. The findings do not support H2.1. While participants across both conditions reported 
strong intentions to adopt technology‑enhanced teaching practices, increasing training complexity through CD 
did not lead to stronger adoption intention, instead, adoption was primarily explained by baseline levels. 

H2.2 - KI vs. KI+CD → Technology Integration Practices, mediated by Teachers’ SRL Skills 

PO2:  Technology-integration practices and lesson plans 
 Conditions 
 PO2.2 PO2.3 
 KI+CD KI  
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
ICAP_p M=3.86 (.59) N=91 M=3.91 (.63) N=82 M=4.02 (.68) N=16 M=4.29 (.63) N=15 
ICAP_a M=3.43 (.63) N=91 M=3.67 (.65) N=82 M=3.79 (.48) N=16 M=4.11 (.55) N=15 
ICAP_c M=3.48 (.69) N=91 M=3.77 (.69) N=82 N= 3.50 (.50) N=16 M=4.07 (.47) N=15 
ICAP_i M=3.32 (.75) N=91 M=3.62 (.75) N=82 N=3.27 (.59) N=16 M=3.67 (.66) N=15 
tech_qual  6.11 (1.82) N=82  M=8.53 (2.39) N=15 

Overall pre-post patterns: Descriptive results indicated that teachers’ self‑regulated learning skills and 
technology integration practices (ICAP) improved from pre‑ to post‑test in both conditions. Increases were 
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observed across multiple ICAP dimensions as well as for the ICAP global score, with generally similar pre–post 
trends in the KI and KI+CD conditions. SRL skills likewise showed small to moderate improvements over time. 
At the descriptive level, these patterns suggest that participation in the training was associated with broader 
engagement in technology integration practices, regardless of training complexity. 

Linear regression analysis consistently showed that training condition did not significantly predict SRL 
skills, indicating that the more complex KI+CD format did not lead to higher levels of self‑regulation than KI 
alone. In contrast, SRL skills emerged as a significant positive predictor of multiple ICAP dimensions at 
post‑test. When SRL skills and training condition were entered simultaneously into the models, SRL remained 
a significant predictor, while the effect of training condition was either non-significant or only marginal. These 
findings indicate that SRL contributed independently to explaining teachers’ technology integration practices 
rather than functioning as a mediator between condition and outcomes. 

Conclusion for H2.2. The findings do not support H2.2. Teachers’ SRL  skills did not mediate the effect of 
training condition on technology integration practices. Nonetheless, SRL consistently emerged as a strong 
independent predictor of how teachers integrated technology into their instructional practices across ICAP 
dimensions. This pattern suggests that individual differences in self‑regulation play a more central role in 
explaining classroom‑oriented technology integration than the specific instructional design of the training, 
reinforcing the importance of SRL as a key driver of professional transfer outcomes. 

Overall conclusion for PO: While participants in both conditions showed meaningful pre–post 
improvements in digital competence, self‑efficacy, self‑regulated learning, and technology integration 
practices, these gains were largely independent of training complexity. The addition of CD did not lead 
to systematically stronger effects compared to KI alone once initial differences were taken into account. 
Instead, pre‑test levels and individual characteristics, especially self‑regulated learning, emerged as the 
strongest predictors of post‑test performance and classroom‑oriented transfer. Overall, the results suggest that 
more complex designs do not automatically translate into superior outcomes; rather, professional development 
effects appear to build on existing dispositions and competencies, highlighting the central role of prior 
readiness and self‑regulation in shaping learning and transfer processes in initial teacher education. 
 

4.6 UAU: Pre-service teachers course on digital instructional practice 

Goal: PA1 examined the effects of increasing training complexity in pre-service teacher education by comparing 
two training conditions, knowledge instruction (KI) and knowledge instruction combined with situated learning 
(KI+SL). The study aimed to test whether the integration of situated learning elements leads to stronger 
improvements in teachers’ PDC and transfer-related outcomes. The training focused on strengthening teachers’ 
digital instructional competence, particularly with regard to technology integration and self-regulated learning.  
Length: 14 weeks  

Reliability analysis (see Annex A) showed acceptable to good internal consistency across the majority of 
constructs. No items were excluded from the analyses. Correlations among the main constructs are reported in 
Annex B. 
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PA1: Teacher PDC-related outcomes by condition 
 Conditions 
 PA1.1 PA1.2 
 KI+SL KI 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Tech_pot M=3.88 (3.77) N=17 M=3.65 (3.55) N=17 M=4.00 (4.00) N=16 M=3.75 (3.00) N=16 
EdPsych M=2.35 (2.37) N=17 M=3.06 (2.75) N=17 M=2.38 (2.75) N=16 M=1.75 (1.77) N=16 
DC M=3.88 (0.42) N=11 M=4.06 (0.40) N=12 M=4.05 (0.48) N=11 M=4.19 (0.36) N=11 
SE_DT M=6.00 (0.75) N=11 M=5.81 (1.19) N=12 M=5.82 (0.60) N=11 M=5.79 (0.69) N=11 
SE_SRL_DI M=3.70 (1.04) N=11 M=3.78 (0.41) N=12 M=3.64 (0.46) N=11 M=3.76 (0.52) N=11 
SE_SRL_II M=3.73 (0.49) N=11 M=4.04 (0.45) N=12 M=3.98 (0.44) N=11 M=4.09 (0.42) N=11 
SSS _global M=0.51 (0.62) N=17 M=0.61 (0.75) N=17 M=0.52 (0.50) N=16 M=0.58 (0.59) N=16 

H1.1 - KI → Teacher knowledge 
 
Overall pre-post pattern:  
Analyses examining differences between the KI and KI+SL conditions revealed no statistically significant pre–
post changes in teachers’ knowledge outcomes in either group. Descriptive trends showed small and inconsistent 
changes in both technological potential and educational–psychology knowledge, but these did not reach 
significance and did not follow a systematic pattern favouring the more complex training condition. 

Mann-Whitney U test was conducted to compare post-test outcomes between the KI and KI+SL conditions. 
The analysis revealed no statistically significant differences between groups, suggesting that the addition of 
situated learning elements did not result in stronger knowledge gains. This finding further supports the 
interpretation that increasing training complexity did not enhance knowledge-related outcomes in the UAU case. 
 
Conclusion for H1.1: findings do not support Hypothesis H1.1. Neither KI alone nor the addition of SL 
led to statistically significant improvements in teachers’ knowledge-related outcomes.  

H1.3 -KI vs KI+ SL → Teacher PDC-related skills, attitudes, and self-efficacy 
Overall pattern:  Across both training conditions, the pre–post comparison shows only small descriptive 
changes in teacher PDC-related outcomes. Slight increases were observed in some variables, including self-efficacy 
for supporting self-regulated learning, while other variables remained largely stable. Situation-specific skills 
showed small descriptive increases from pretest to posttest in both the KI and KI+SL groups. Baseline levels were 
low to moderate, and both conditions exhibited comparable patterns of change. Descriptive posttest values 
suggested slightly higher scores in the KI+SL condition; however, variability within groups was substantial, and 
improvements were not systematic. Overall, these changes were not statistically significant and do not indicate 
substantial improvements over time. This pattern suggests that the intervention led to limited short-term gains in 
teacher knowledge, skills, and attitudes. A likely explanation is that participants already demonstrated relatively 
high baseline levels, which may have restricted the observable room for improvement. In addition, the 
development of complex constructs such as self-efficacy and self-regulated learning may require more sustained 
engagement than provided within the duration of the intervention. 
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Mann-Whitney U test showed no significant post-test differences between KI and KI+SL. Thus, the addition 
of situated learning elements did not result in stronger knowledge gains compared to knowledge instruction 
alone. This pattern suggests that increasing training complexity through the integration of situated learning did 
not enhance knowledge outcomes in the UAU case. Similar to H1.1, individual baseline levels and the relative 
stability of knowledge constructs appear to outweigh the influence of training design variations over the 
intervention period. Comparing posttest situation-specific skills between the KI and KI+SL groups revealed no 
statistically significant differences. Likewise, Wilcoxon tests within each group indicated that pre–post changes 
were not statistically significant. Although effect sizes pointed to small-to-medium effects, these were not 
sufficient to support meaningful group differences. 
 
Conclusion for H1.3: The findings do not support Hypothesis H1.2. The comparison of KI and KI+SL showed 
no evidence that additional situated learning components led to stronger improvements in teachers’ knowledge-
related PDC outcomes. Instead, results indicate that knowledge development remained largely stable across 
conditions and was primarily shaped by pre-existing competence rather than by training complexity. The results 
do not provide evidence that situated learning leads to stronger development of situation-specific skills compared 
to knowledge instruction alone. Similar to the other H2 hypotheses, findings highlight the limited sensitivity of 
complex, application-oriented skills to short-term interventions and underline the importance of baseline 
competence. 

H2.1 KI vs. KI+CD → Teachers’ Intended Adoption 
 

 Condition 
 PA1.1 PA1.2 
 KI+SL KI 

Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
Adoption M=4.61 (0.75) N=11 M=4.69 (0.82) 

N=12 
M=4.66 (0.82) 
N=11 

M=4.36 (0.41) N=11 

 
Overall pre-post patterns: Teachers’ intended adoption of new teaching practices showed moderately high 
baseline levels in both training conditions. Descriptive analyses indicated very similar pretest scores for the KI and 
KI+SL groups. Across time, no consistent pre–post improvements emerged in either condition. While the KI 
group showed a slight descriptive decrease from pretest to posttest, the KI+SL group exhibited a marginal 
descriptive increase. Overall, intended adoption appeared relatively stable over time, with only small fluctuations 
around already high initial values. 
 
Mann-Whitney U tests examining group differences in intended adoption at posttest revealed no statistically 
significant difference between the KI and KI+SL conditions. Thus, the inclusion of situated learning elements 
did not result in higher intended adoption compared to knowledge instruction alone. 
 



EffecTive - Efficiency and Effectiveness of Training for Teachers’ Pedagogical Digital Competence 
 

71 

Conclusion for H2.1: The findings do not support H2.1. The results provide no indication that situated 
learning leads to higher levels of teachers’ intended adoption of new teaching practices. Instead, intended 
adoption appears to be largely determined by baseline levels, suggesting that intentions are relatively robust and 
not easily altered by short-term variations in training complexity. 

H2.2 - KI vs KI+SL  → Technology Integration Practices  

PA1: Technology-integration practices and lesson plans 
 Conditions 
 PA1.1 PA1.2 
 KI+SL KI 
Measure Pre mean (SD) Post mean (SD) Pre mean (SD) Post mean (SD) 
ICAP_p M=3.79 (0.50) N=11 M=3.64 (0.50= N=11 M=4.00 (0.47) N=11 M=3.97 (0.59) N=11 
ICAP_a M3.67 (0.88) N=11 M=3.67 (0.47) N=11 M=3.52 (0.54) N=11 M=3.31 (0.69) N=11 
ICAP_c M=4.09 (0.50) N=11 M=3.61 (0.59) N=11 M=3.24 (0.76) N=11 M=3.47 (0.69) N=11 
ICAP_i M=3.67 (0.79) N=11 M=3.45 (0.56) N=11 M=3.24 (0.86) N=11 M=3.31 (0.86) N=11 
Tech_qual  M=4.00 (1.67) N=17  M=9.12 (2.23) N=16 
Own_SRL M=2.90 (=.40) N=11 M=2.86 (0.29) N=11 M=2.92 (0.47) N=11 M=3.10 (0.42) N=11 
Own_MS
LQ 

M=3.18 (0.58) N=11 M=3.30 (0.64) N=11 3.29 (0.34) N=11 M=3.50 (0.43) N=11 

 
Overall pre-post patterns: Technology integration practices as well as self-regulated learning indicators 
(OwnSRL and Own_MSLQ) showed small and inconsistent descriptive changes from pretest to posttest in both 
conditions. Across variables, baseline levels were already moderate to high, and descriptive pre–post differences 
remained small. No coherent pattern suggested stronger improvement in the KI+SL condition compared to KI. 
Overall, the data indicate a high degree of stability, particularly for technology integration practices. 

Mann-Whitney U tests revealed no statistically significant group differences in posttest technology integration 
practices or SRL measures. In addition, mediation analyses showed that training condition did not significantly 
predict changes in SRL, nor did changes in SRL significantly predict changes in technology integration. Similarly, 
moderation analyses indicated that neither Own_SRL nor Own_MSLQ significantly moderated the effect of 
training condition. Across all models, baseline technology integration emerged as the strongest predictor of 
posttest outcomes. 

Conclusion for H2.2: The findings do not confirm the hypothesized transfer from situated learning to 
classroom-related technology integration via self-regulated learning. Instead, results suggest that technology 
integration practices are largely explained by prior levels of integration and individual readiness, rather than by 
training complexity or SRL-related mediation processes. 
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Overall conclusion for PA: The results show a highly consistent pattern: increasing training complexity 
through the addition of situated learning elements (KI+SL) did not lead to statistically significant advantages 
over knowledge instruction alone (KI) for either proximal teacher outcomes or classroom‑related transfer 
outcomes. Small descriptive pre-post changes were observed across several constructs, including digital 
competence, self-regulated learning, intended adoption, technology integration, and situation-specific skills; 
however, these changes were not systematic, not robust, and not condition-specific. Instead, baseline levels of 
the respective constructs repeatedly emerged as the strongest predictors of post-intervention outcomes, 
indicating substantial stability over time.  

5. Cross-Case Analysis and Discussion 

5.1 Overall patterns across cases 

Across the intervention studies, effects were heterogeneous and often selective, rather than consistent across 
outcomes or training conditions. While some cases showed clear improvements, others revealed only limited or 
domain-specific changes, pointing to a more complex pattern than a straightforward effect of training design. 

The most consistent findings emerged at the level of proximal teacher outcomes, particularly in relation to 
teachers’ perceptions and intentions. Improvements were most evident for perceived digital competence, self-
efficacy for digital teaching, and intended adoption of technology-enhanced practices. These outcomes 
appear to be more responsive to training interventions and less constrained by contextual factors. 

In contrast, effects on more distal and demanding outcomes were weaker and less consistent. Changes in 
technology-integration practices and student-level outcomes were either small, conditional or absent across 
many cases. This suggests that translating training into classroom practice and student learning remains a more 
complex and less direct process. 

A recurring pattern across studies was the strong influence of baseline levels, which frequently emerged as the 
most important predictors of post-test outcomes. This indicates a high degree of stability in both teacher and 
student measures and limits the magnitude of observable intervention effects within the given timeframes. 

At the same time, several cases showed within-group improvements over time, even when no significant 
differences between training conditions were found. This suggests that participation in well-designed professional 
development may support teacher learning more generally, while increasing training complexity does not 
necessarily lead to additional gains beyond simpler designs. 

Multilevel models were unstable, and the results on student outcomes are not consistent. The tests showed that 
there are not strong differences between the countries under analysis (Estonia, Israel and Germany). 
Additionally, more complex training did not significantly and consistently translate into student outcomes. Few 
models showed a positive relation between training complexity and some student outcomes like students’ SRL 
when combined with other contextual elements like the perceived informal collaboration at school , 
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albeit this effect remained non-significant. Pre-test scores always showed a significant effect on every 
student outcome variable, indicating that student individual factors may drive student learning. Regarding 
equity and inclusion variables, the analysis showed significant effects of socio-demographic variables, such as 
gender, for students’ subject-specific interest, digital competencies and SRL, consistently across the assessed 
countries (UULM and TLU, Germany and Estonia). Migration status (1st, 2nd or 3d generation) had a 
significant effect on SRL and sense of belonging, suggesting the relevance of cultural background in these 
countries.   

Taken together, the cross-case evidence points to small-to-moderate effects across multiple outcome domains, 
including both proximal and more distal outcomes. While improvements were most consistent for teachers’ 
perceptions and intentions, many studies also showed positive changes in classroom practices and student-level 
outcomes. However, these effects were not systematically stronger in more complex training conditions. This 
suggests that while structured PDC training can support development across levels, adding additional components 
requires more time, effort and integration and if that is not successful, then more complex trainings can reduce 
effectiveness. Overall, the findings indicate that training effectiveness is context-sensitive and depends on the alignment 
between training design, participant characteristics, and implementation conditions, rather than on training 
complexity alone. 

5.2 Re-examining H1: The Complexity Effect 

(H1 = the higher the complexity of the training, the bigger the influence on teachers’ PDC / related outcomes) 

Across cases, the complexity hypothesis received only partial support. While some studies showed 
advantages for more complex training designs, these effects were neither consistent nor generalisable across all 
teacher outcomes. Overall, the evidence does not support a simple linear assumption that more complex 
training leads to stronger effects. Instead, the findings point to a more nuanced pattern: the effect of training 
complexity depends on which component is added, which outcome is targeted, and how the training is 
implemented. 

A recurring pattern across cases suggests a threshold rather than cumulative effect of complexity. Moving 
from basic instructional formats (e.g., KI) to more practice-oriented or situated formats (e.g., CD or SL) often 
yielded benefits. However, adding further layers of complexity beyond this point did not result in additional 
gains. The clearest support for this pattern emerged in the Estonian case CT4, where adding Situated Learning 
(KI+CD+SL vs. KI+CD) was associated with significantly stronger outcomes in digital competence, self-efficacy 
for digital teaching, and adoption intentions. This case provides one of the strongest examples of how a practice-
embedded component can enhance training effectiveness. A similar, though less pronounced, pattern was 
observed in the Israeli case CI1, where KI+CD outperformed KI in terms of adoption intentions and showed 
selective improvements in teachers’ self-regulated learning strategies. Indicating that collaborative design may 
strengthen teachers’ readiness to implement new practices, even if effects do not extend across all outcomes. In 
contrast, evidence from CT3 (Estonia) indicates that increasing complexity beyond an already rich training design 
yields only limited additional benefit. Both conditions included KI+CD+SL, and the addition of mentoring did 
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not produce higher effects.  A comparable pattern is visible in the Israeli case CI2, where extending KI+CD to 
KI+CD+SL resulted in only limited added value. While some gains were observed in teacher knowledge 
(particularly educational psychology principles), most other outcomes, including self-efficacy, transfer measures, 
and student outcomes, did not show consistent improvements. 
 
The UULM cases further highlight that complexity effects are contingent on implementation conditions, 
particularly duration. In the longer-format training (CUU2), the more complex KI+SL condition showed 
clearer positive patterns, especially for teacher knowledge and competence-related outcomes. In contrast, shorter 
formats (CUU1, CUU3) led to weaker or unstable effects, and in CUU4, evidence for added complexity 
remained inconsistent despite a larger sample. Finally, the German UAU and Finnish OULU cases provide little 
support for a complexity effect. Adding Situated Learning (UAU) or Collaborative Design (OULU) to 
Knowledge Instruction did not result in stronger outcomes, and baseline readiness appeared to be a more decisive 
factor than training design. 
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H1: The Complexity Effect 
Partner TLU UWK UULM TAU Oulu UAU 

Case CT 
2.0 CT 2.1 CT 3.1 CT 3.2 CT 4.1 CT 4.2 CK 

1.1 
CK 
2.1 CK 2.1 CUU 

1.1 
CUU 

1.2 
CUU 

2.1 
CUU 

2.2 
CUU 

3.1 
CUU 

3.2 
CUU 

4.1 
CUU 

4.2 CI 1.1 CI 1.2 CI 2.0 CI 2.1 CI 2.2 PO 2.2 PO 2.3 PA1.1 PA1.2 

Method C KI+ SL KI+CD
+SL 

KI+CD+SL
+M 

KI+ 
CD 

KI+CD
+SL KI KI+ 

CD 
KI+ CD+ 

M KI+ SL KI KI KI+ SL KI+ SL KI KI+ SL KI KI KI+ 
CD C KI+ 

CD 
KI+CD

+SL 
KI+ 
CD KI KI+ SL KI 

N 11 13 21 10 31 16 6 1 1 9 9 12 14 6 5 37 25 13 16 15 17 18 81 15 17 16 
Pre / In-
service in pre pre in pre in in in pre pre in pre pre 

Knowledge 
Tech_pot 

Within group x x x x x x* x x x x x o + + x x x + + x x + o o x x 
Between 
groups x x x / x x + + + + / + x o 

EdPsych 
Within  x x x x x x / / / x x x +* x x x + x x x x x / / + x 
Between x x x / / / o +* +m +* x +* / / + 

DC 
Within  x + + + + + x x + + + + +* + + x x + +* + + +* +* +* + + 
Between x +m +* / + + x + + + x +m + 

SE_DT 
Within  x x + + x + o x x + x + +* + + o x x x x x x +* + x x 
Between x x + * / x + x + + * x x x x 

SE_SRL 
SE_SRL_DI 

Within  x + + + + + / / / / / / / / / / / + + + x x +* +* + o 
Between + + + / / / / / / / / / / / + x + + o 

SE_SRL_II 
Within  x x + + + + x / / +* + x x + + + x + + + x x +* +* + o 
Between x x x / / / x x + +* + x + + 

SSS 
Within  x + + + + + / + o / / / / / / / / / / / / / +* + + + 
Between + + x / x x o / / / / / / / + o + 

(o) = no difference; (+) = Expected direction (i.e., increase from pre to post, higher scores for more complex trainings); (x) = Unexpected direction (Against 
hypothesis, e.g., decrease from pre to post, lower scores for more complex trainings); (*) = significant test; (m)=marginal significance, 0,05>0,1; (/) = not 
applicable
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Our findings suggest that training complexity matters, but not in a purely additive sense - effective training 
appears to depend on whether additional elements meaningfully strengthen the link between training activities 
and targeted outcomes. From this perspective, training complexity should be understood as a functional property 
of design, not as the number of included components. 

5.3 Re-examining H2: Transfer to Classroom Practice 

(H2 = training effects transfer beyond teacher perceptions to classroom practices and, where assessed, to student-
related outcomes) 

Across cases, evidence for transfer to classroom practice was weaker and less consistent than effects on 
teacher-level outcomes such as digital competence, self-efficacy, or adoption intentions. A consistent pattern is 
that training more readily influenced teachers’ readiness to act than observable changes in classroom practice. 
This pattern is clearly illustrated in the Estonian cases. In CT4, the more complex KI+CD+SL condition led to 
higher digital competence, self-efficacy, and adoption intentions, but did not result in significant differences in 
teacher-reported technology-integration practices (ICAP). Similarly, in CT2, no intervention effects were found 
for teachers’ own reports of technology-integration practices, which may suggest that improvements at the level 
of competence and intention do not automatically translate into changes in classroom routines. 

At the same time, CT2 shows that transfer may become visible when focusing on students’ perceptions 
and outcomes. While teachers reported little change, students perceived differences in classroom practices, 
particularly for active engagement. Additional effects for constructive and interactive practices emerged when 
student baseline SRL was taken into account. Moreover, CT2 provides one of the clearest examples of 
student-level transfer: students in the intervention group showed significantly higher digital competence and 
subject-specific skills. This suggests that transfer may occur even when it is not captured by teacher-reported 
measures. In the Israeli cases (TAU), transfer effects were also selective. Some studies showed improvements 
in adoption and readiness, but evidence for consistent changes in classroom practices or student outcomes was 
limited. In CI2, for example, stronger effects were found for teacher knowledge than for transfer-related 
indicators. The German cases further reinforce this pattern. In UULM, transfer effects were uneven and 
appeared more likely in longer and more embedded formats (e.g., CUU2), while shorter formats showed 
little evidence of classroom-level change. In UAU, increasing training complexity did not lead to observable 
differences in classroom practices, and baseline levels appeared more influential than training conditions. The 
same was found in Oulu case.  

The multilevel analyses aligned with this pattern, showing that the stronger predictors of student outcomes were 
pre-test scores. Taken together, the evidence provides partial support for H2. Transfer occurs, but it is selective, 
uneven, and often conditional. Across cases, three patterns stand out. First, teacher-level change emerges more 
easily than classroom-level change. Second, transfer is more likely in longer or more practice-embedded formats 
and third, student-level effects are possible, but remain selective and context-dependent. 



EffecTive - Efficiency and Effectiveness of Training for Teachers’ Pedagogical Digital Competence 
 

77 

H2: Transfer to Classroom Practice 
Partner TLU UWK UULM TAU Oulu UAU 

Case CT 2.0 CT 2.1 CT 3.1 CT 3.2 CT 4.1 CT 4.2 CK 1.1 CK 2.1 CK 2.1 CUU 
1.1 

CUU 
1.2 

CUU 
2.1 

CUU 
2.2 

CUU 
3.1 

CUU 
3.2 

CUU 
4.1 

CUU 
4.2 CI 1.1 CI 1.2 CI 2.0 CI 2.1 CI 2.2 PO 2.2 PO 2.3 PA1.1 

PA1.
2 

Method C KI+ 
SL 

KI+C
D+SL 

KI+C
D+SL

+M 
KI+ 
CD 

KI+C
D+SL KI KI+ 

CD 
KI+ 

CD+ 
M 

KI+ 
SL KI KI KI+ 

SL 
KI+ 
SL KI KI+ 

SL KI KI KI+ 
CD C KI+ 

CD 
KI+C
D+SL 

KI+ 
CD KI KI+ 

SL KI 

N 11 13 21 10 31 16 6 1 1 9 9 12 14 6 5 37 25 13 16 15 17 18 81 15 17 16 
Pre / 

Inervice in pre pre in pre in in in pre pre in pre pre 
Adoption 

Within 
group x x + x x + o o + + / + / / / x* x + +* + + x o o + x 

Between 
groups x +* +* / + + x + + + x x + 

ICAP 
ICAP GLOBAL 

Within / / / / / / x o x + + +* +* x + x x x x / / / +* +m + x 
Between / / / / x + + + + + / +* + 

ICAP_p 
Within / / / / / / x x o / / / / / / / / / / / / / + + x x 
Between / / / / x / / / / / / +* x 

ICAP_a 
Within x x + + + + x x o + + +* +* x + x x / / / / / +* +m o x 
Between + x + / x + + + +* / x +* o 

ICAP_c 
Within x + + + x + x o o +* + +* +* x + x x / / / / / +* +* x + 
Between + + + / o + + + + / + +* x 

ICAP_i 
Within x x + + x + x o o x + + +* x + x x / / / / / +* + x x 
Between + + + / o x + + + / x x x 

ICAP student perspective 
St_ICAP_p 

Within + + / / / / / / / / / / / / / / / / / / / / / / / / 
Between +* / / / / / / / / / / / / 

St_ICAP_a 
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Within + + / / / / / / / / / / / / / / / / / / / / / / / / 
Between +* / / / / / / / / / / / / 

St_ICAP_c 
Within + + / / / / / / / / / / / / / / / / / / / / / / / / 
Between + / / / / / / / / / / / / 

St_ICAP_i 
Within + + / / / / / / / / / / / / / / / / / / / / / / / / 
Between + / / / / / / / / / / / / 

Analysis of lesson plans 
Global 

Within / / / / / / / / / / / / / / / / / / / / / / / / / / 
Between / o / / / + / / / + / x / x 

Tech_qual_gl_LP 
Within / / / / / / / / / / / / / / / / / / / / / / / / o / 
Between / o / / / + + / / + / + / / 

Technology Exploitation 
Within / / / / / / / / / / / / / / / / / / / / / / / / o / 
Between / o / / / + + / / x / x / / 

Inclusion awareness 
Within / / / / / / x x + / / / / / / / / / / + x + / / / / 
Between / / / / / + / / / / / x / / 

(o) = no difference; (+) = Expected direction (i.e., increase from pre to post, higher scores for more complex trainings); (x) = Unexpected direction (Against 
hypothesis, e.g., decrease from pre to post, lower scores for more complex trainings); (*) = significant test; (m)=marginal significance, 0,05>0,1; (/) = not 
applicable
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A key implication is that teacher learning and classroom change should not be treated as equivalent. While 
competence, confidence, and intentions can shift relatively quickly, changes in classroom practice appear more 
gradual, dependent on context, and harder to capture empirically.  

5.4 Re-examining H3: Equity 

(H3 = increasing training complexity contributes to improved student outcomes and reduced disparities, and 
effects depend on individual and contextual factors) 
 
Across cases and tests, evidence for equity-related effects was limited and uneven. This is partly due to the fact 
that student-level data were available only in a subset of studies (primarily Estonia CT2, some TAU cases, 
and selected UULM cases), and sample sizes were often not sufficient to support robust subgroup analyses. 
Additionally, for the multilevel analyses, different subsamples were used based on the availability of data.  

At the partner level, findings suggest selective improvements rather than systematic effects on equity. In 
Estonian CT2, for example, the intervention group showed higher student digital competence and subject-
specific skills, providing one of the clearest indications that teacher training can reach student-level outcomes. 
Moderation analyses across cases also showed no stable or generalisable interaction patterns. Student self-
regulated learning skills emerged as the most frequently examined moderator. In CT2, SRL shaped how students 
experienced classroom practices (e.g., active, constructive, and interactive engagement), indicating that training 
effects were not uniform across learners. However, these moderation effects were outcome-specific and did 
not consistently translate into stronger learning gains or reduced disparities. Similar patterns were observed in 
other cases, where isolated interaction effects appeared but did not form a coherent cross-case pattern. 

At the teacher level, variables such as prior competence, SRL skills and motivational beliefs occasionally 
showed associations with outcomes, but they did not consistently moderate the effect of training 
complexity. In most cases, baseline levels remained the strongest predictors of post-test outcomes, 
suggesting that differences between participants persisted over time rather than being reduced through training. 

Multilevel analysis showed inconsistent results and none of the models built was stable enough, so the results 
presented here should be interpreted as exploratory. Several models were tested, including variables from 
different levels of analyses (i.e., student, teacher, country). In a model including all three countries, testing the 
impact of teacher level variables (such as the training, method, PDC, self-efficacy for digital teaching, number of 
years with teaching experience, self-efficacy for teaching SRL), and a school level variable such as the perceived 
informal collaboration, along with students’ pre-test scores, on sense of belonging, the results show a statistically 
significant yet modest effect of the training method (p = .025), self-efficacy for digital teaching (p = .014), teaching 
experience (p < .001), and pretest scores of sense of belonging (p < .001), the latter followed the same pattern for 
every student outcome variable whenever the pre-test was available. Additionally, teachers’ PDC had a marginally 
significant and positive effect on student’s sense of belonging. The sense of belonging scores for students who 
received any kind of intervention, experienced a significantly stronger sense of belonging than their 
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peers in the control group. These results point to potential positive effects of the personalized use of 
technology-mediated instruction to support inclusion in the classroom.   

For student SRL, one of the multilevel models showed a significant positive effect of more complex training 
methods, as well as teachers’ inclusion awareness, when pre-test scores for student self-regulation were included. 
However, the final model, which also included student background variables (i.e., gender, socio-economic status, 
special educational needs, migration background, and language spoken at home), reduced the importance of this 
result and instead highlighted the role of migration background (p = .043). This suggests that students with 
a longer migration history (second generation or later) benefited more from the interventions in terms 
of SRL. 
  
The multilevel analysis results for Estonia and Germany did not show a clear pattern of significant effects from 
both teacher and student background variables on students’ subject-specific skills. However, students’ baseline 
SRL scores positively predicted later learning outcomes, suggesting that students who initiated with stronger 
SRL skills benefited more from the interventions. This may have implications for equity and inclusion, because 
students with lower initial SRL may have needed additional support to benefit equally from the 
intervention. In this sense, the interventions may have had a heterogeneous impact on students’ learning, 
depending on individual characteristics. 
  
For other outcome variables, however, the combination of teacher and student background variables 
showed positive and significant effects for some outcomes. In the case of student subject-specific interest, 
student variables such as gender and sense of belonging had significant and marginal effects, respectively, while 
teachers’ self-efficacy for teaching SRL also had a significant impact. Regarding students’ sense of belonging, 
teachers’ teaching experience and self-efficacy for teaching SRL had a positive influence. On the other hand, 
students’ migration background and the language spoken at home had significant and marginal effects, 
respectively. 
  
The more stable model used for outcomes such as student digital competencies and SRL, the influencing 
teacher variable was informal collaboration at the school level. Student variables such as gender (for both 
outcome variables) and migration status (for SRL only) had a positive impact on students. 

The evidence provides limited support for H3. While some interventions led to improvements in student 
outcomes, there is no consistent evidence that increasing training complexity systematically reduced inequalities 
or produced differential benefits for specific subgroups. A key implication across cases is that equity effects do 
not emerge automatically from more complex training designs. Instead, they likely require explicit attention 
to differentiation, scaffolding, and support mechanisms that address learner diversity. Without such targeted 
design features, training effects tend to be distributed unevenly, often reinforcing existing differences rather than 
reducing them.
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H3: Equity 
Partner TLU UULM TAU 
Case CT 2.0 CT 2.1 CUU 1.1 CUU 1.2 CUU 2.1 CUU 2.2 CI 2.1 CI 2.2 

Method C KI+ SL KI+ SL KI KI KI+ SL KI+ CD KI+CD+SL 
N 105 135 20 11 16 12 17 18 

SRL skills 
St_SRL 

Within group (+) + / / / / / / 
Between groups + / / / 

St_MSLQ_global 
Within / / + x + + + + 
Between / +* + o 

St_subj_int 
Within + + + x + x + + 
Between + + x + 

St_subskills 
Within + + +* +* x + + + 
Between + +* + + 

St_SE_DT 
Within x + + x x + + + 

Between +* + +* + 
St_SoB_global 
St_teach_rel 

Within x + / / / / / / 
Between + / / x 

St_emo_eng 
Within + + / / / / / / 
Between x / / / / 

ICAP 
St_ICAP_global 

Within / / + + / / / / 
Between / x +* x 

(o) = no difference; (+) = Expected direction (i.e., increase from pre to post, higher scores for more complex trainings); (x) = Unexpected direction (Against hypothesis, e.g., 
decrease from pre to post, lower scores for more complex trainings); (*) = significant test; (/) = not applicable
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5.5 Summary 

The cross-case analysis shows that teacher training can make a difference, but not always in the way initially 
expected. Across countries and designs, participation in training was often associated with positive changes in 
teachers’ competence, confidence, and intentions. At the same time, increasing the complexity of training did not 
consistently lead to stronger effects. 

A first key message is therefore that more is not automatically better. Adding additional components (e.g. 
collaborative design, situated learning, or mentoring) sometimes strengthened specific outcomes, but these 
effects were selective rather than systematic. In several cases, simpler or moderately complex designs were just 
as effective as more complex ones. This suggests that what matters is not the training complexity, but how well a 
given component supports the intended learning outcome. 

Second, the findings highlight that training effects depend strongly on the participants themselves. 
Teachers did not start from the same baseline, and these initial differences (prior competence, self-regulated 
learning skills, and motivation) were often among the strongest predictors of outcomes. In practice, this means 
that the same training can lead to different results for different teachers. More complex formats, in 
particular, appeared to amplify this variability: while some teachers benefited more, others did not show 
comparable gains. 

Third, the results make clear that transfer to classroom practice is not automatic. While many studies showed 
improvements in teachers’ digital competence, self-efficacy, or adoption intentions, these changes were not always 
reflected in reported or observed classroom practices. Where transfer did occur, it was often partial, delayed, or 
visible only in certain measures (e.g., student perceptions or selected outcomes). This points to the importance of 
time, support, and opportunities for enactment when aiming to change classroom practice. 

Fourth, context matters. Differences in institutional conditions, workload, access to classrooms, and 
implementation opportunities shaped what could realistically be achieved in each case. In particular, longer and 
more practice-embedded formats tended to show more promising signs of transfer than short or highly 
constrained interventions. 

Our intervention phase findings challenge the idea of a simple linear relationship between training complexity 
and effectiveness. Instead, they point toward a more nuanced understanding of teacher professional development, 
where outcomes depend on the alignment between training design, participant readiness, and 
implementation context. From a theoretical perspective, the results support a more process-oriented view of 
professional learning. Training can provide opportunities for development, but these opportunities do not 
automatically translate into outcomes. Their impact depends on how teachers engage with the training, how they 
regulate their own learning, and whether they are able to connect what they learn to their everyday teaching 
practice. In this sense, complexity can be beneficial, but only when it is meaningful, manageable, and closely 
linked to the intended change. 
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6. Conclusions and implications 

6.1 Implications for Training Design 

The findings of this deliverable suggest that increasing training complexity alone is not sufficient to 
enhance training effectiveness. While the project was built on the assumption that combining multiple 
instructional components (e.g., knowledge instruction, collaborative design, situated learning, mentoring) would 
lead to stronger outcomes, the empirical evidence paints a more nuanced picture. 

One important lesson is that we were not always comparing like with like. Across countries, similar labels 
(e.g., KI+SL) often referred to quite different implementations in terms of intensity, duration, and connection 
to practice. In some cases, adding a component meant a substantial redesign of the learning experience; in others, 
it involved only limited exposure (e.g., a single mentoring element). This makes it clear that the presence of a 
component is not enough, its depth and integration matter. 

A second key insight is that training effects depend strongly on alignment. Adding elements such as situated 
learning or mentoring only appears beneficial when they are meaningfully connected to the learning goals and 
supported by sufficient time and structure. Simply “adding” complexity without ensuring this alignment does 
not lead to stronger outcomes. 

The results also highlight the importance of teacher readiness. Participants entered the training with different 
levels of competence, confidence, and self-regulated learning skills, and these differences consistently shaped 
outcomes. This suggests that training design should move toward more adaptive approaches that better account 
for participants’ starting points. Finally, the findings point to the need to support self-regulated learning. 
Across cases, SRL emerged as a recurring factor associated with both competence development and transfer. 
Training designs that assume high levels of self-direction without supporting it may unintentionally disadvantage 
some participants. 

6.2 Implications for Implementation 

The findings highlight that implementation conditions are not a secondary issue, but a central part of 
training effectiveness. Across cases, workload and time constraints were among the most important limiting 
factors, particularly for more demanding components such as situated learning and classroom implementation. 
In several studies, teachers had limited opportunities to enact what they learned in authentic settings, which helps 
explain why transfer effects were often weaker than expected. At the same time, practical relevance and hands-
on engagement were consistently valued by participants. Training elements that were clearly connected to 
teachers’ everyday work were more likely to be perceived as useful and meaningful. These findings suggest that 
training programmes should be designed with a stronger focus on feasibility and integration into real 
professional contexts. This includes providing time for experimentation, opportunities for reflection, and 
organisational support at the school level. 
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6.3 Implications for Research and Evaluation 

The findings also highlight that not all outcomes are equally responsive to training, and not all measurement 
approaches are equally suitable across contexts. In the present studies, competence-related beliefs, self-efficacy, 
and adoption intentions proved relatively sensitive to training effects, showing consistent changes across several 
cases. In contrast, more complex outcomes (such as knowledge, situation-specific skills (SSS), and classroom 
practices) were substantially harder to capture in a reliable and interpretable way. 

For knowledge outcomes, the applied instruments led to limited and often inconclusive results. One likely 
explanation is that the measures targeted relatively generic ICT-related knowledge, whereas the training 
interventions were more strongly aligned with process-oriented and domain-specific constructs (e.g., ICAP, 
SRL). These findings suggest that, even within extended formats (e.g., six-month university courses), declarative 
knowledge development remained limited, reflecting both measurement challenges and the inherent complexity 
of fostering pedagogical ICT knowledge in teacher education. This mismatch suggests that future studies should 
prioritise more fine-grained, domain- and practice-specific knowledge measures, rather than relying on broad, 
decontextualised scales. A similar challenge emerged in the assessment of situation-specific skills. While the 
project employed a standardised ICAP-based scenario measure to ensure comparability across cases, it also aimed 
to capture SSS in authentic practice contexts. In practice, these two approaches were not fully aligned. The 
assessment of SSS in real teaching situations required additional scaffolding, training, and consistent 
implementation procedures, which could not be realised across all cases. As a result, the SSS measures did not 
produce robust or consistent findings. 

Third, the results highlight the need to move beyond simple comparisons of training conditions. Future research 
should place greater emphasis on process-oriented analyses, including mediators (e.g., motivation, SRL) and 
moderators (e.g., prior competence, context), in order to better understand how and for whom training works. 

Finally, while student-level data provided valuable insights, it was available only in a limited number of cases. This 
constrains the ability to draw strong conclusions about equity effects and underscores the importance of focused 
and feasible data collection strategies in future studies. Our experiences suggest that combining standardised 
cross-case instruments with practice-based performance measures requires careful alignment and sufficient 
implementation support. Without this, measurement approaches may capture different aspects of competence 
that are not directly comparable. From a methodological perspective, the results underline the importance of 
coherence between theoretical constructs, training design, and measurement strategies. 

Lessons learned: Measuring teacher learning in complex training designs 
 
1. Not all outcomes are equally responsive to training:  Competence beliefs, self-efficacy, and adoption 
intentions were relatively sensitive to change. In contrast, knowledge, situation-specific skills and classroom 
practices proved harder to capture reliably within the given timeframes. 
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2. Alignment between training and measurement is needed: Knowledge instruments focused on general 
ICT concepts did not reflect the more process-oriented nature of the training (e.g., ICAP, SRL). Future studies 
should prioritise domain- and practice-specific measures. 
 
3. Standardisation vs. authenticity is a trade-off: A common  scenario ensured comparability across cases, 
but attempts to assess SSS in real classroom practice required additional scaffolding and training that could not 
be implemented consistently. 
 
4. Measuring practice requires implementation support: capturing situation-specific skills in authentic 
contexts is feasible only when participants receive clear guidance, time, and structured opportunities to 
demonstrate these skills. 
 
5. Less can be more in data collection: An extensive measurement design is not always advantageous. With 
small samples, focusing on fewer, well-aligned core measures can lead to more meaningful and interpretable 
results while reducing participant burden. 
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Annex A: Reliability analysis 

 
Case Variable / scale N pre Pre-test 

Cronbach alpha  
N post Post-test Cronbach 

alpha  
Comment 

Hypothesis 1 
CT2 Tech_pot 24 .13 24 .12 Knowledge index 
CT3 Tech_pot 31 .346 31 .11 Knowledge index 

CT4 Tech_pot 47 .013 47 −.14 Knowledge index 

CK2 Tech_pot 19 .14 2 Not possible  

CUU1 Tech_pot 18 .446 18 .18 Limited internal consistency 

CUU2 Tech_pot 26 −.78 26 .31  

CUU3 Tech_pot 20 .17 11 −.22  

CUU4 Tech_pot 65 .09 56 −.27  

CI1 Tech_pot 29 −.665 25 −.84  

CI2 Tech_pot 45 −.417 41 .23  

PO2 Tech_pot 107 .741 97 .80  

PA1 Tech_pot 33 .77 33 .80  

CT2 EdPsych 24 −.11 24 −0.71 Knowledge index 

CT3 EdPsych 31 .018 31 .40 Knowledge index 

CT4 EdPsych 47 −.015 47 .186 Knowledge index 

CUU1 EdPsych 18 .209 18 .468 Limited internal consistency 

CUU2 EdPsych 26 .39 26 .25  

CUU3 EdPsych 20 −.07 11 .36  

CUU4 EdPsych 65 −.20 56 .35  

CI1 EdPsych 29 .466 25 .323  

CI2 EdPsych 45 −.423 41 −.926  

PA1 EdPsych 33 .45 33 .39  

CT2 DC 24 .853 24 .919  
CT3 DC 31 .852 31 .891  
CT4 DC 47 .947 47 .933  
CK2 DC 19 .82 2 Not possible  
CUU1 DC 18 .883 18 .900  
CUU2 DC 10 .84 29 .86  
CUU3 DC 20 .94 11 .94  
CUU4 DC 65 .94 56 .96  
CI2 DC - - 41 .925  
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PO2 DC 107 .935 97 .900  
PA1 DC 22 .78 23 .79  
CI1 DC_GenAI 25 .874 25 .898  
CI2 DC_genAI 43 .927 41 .946  
CT2 SE_DT 24 .915 24 .881  
CT3 SE_DT 31 .941 31 .888  
CT4 SE_DT 47 .965 47 .942  
CK2 SE_DT 19 .83 2 Not possible  
CUU1 SE_DT 18 .379 18 .809  
CUU2 SE_DT 10 .69 26 .72  
CUU3 SE_DT 20 .77 11 .52  
CUU4 SE_DT 65 .899 56 .90  
CI1 SE_DT 29 .935 25 .934  
CI2 SE_DT 35 .803 45 .802  
PO2 SE_DT 107 .88  97 .83  
PA1 SE_DT 22 .78 23 .90  
CT2 SE_SRL_DI 24 .799 24 .853  
CT3 SE_SRL_DI 31 .829 31 .828  
CT4 SE_SRL_DI 47 .866 47 .902  
CUU1 SE_SRL_DI 18 .548 18 .684  
CUU2 SE_SRL_DI 26 .887 28 .886  
CUU3 SE_SRL_DI 25 .839 11 .971  
CUU4 SE_SRL_DI 65 .737 56 .910  
CI1 SE_SRL_DI 28 .312 25 .678  
CI2 SE_SRL_DI 35 .868 41 .893  
PO2 SE_SRL_DI 107 .862 97 .834  
PA1 SE_SRL_DI 22 .849 23 .828  
CT2 SE_SRL_II 24 .792 24 .687  
CT3 SE_SRL_II 31 .610 31 .659  
CT4 SE_SRL_II 47 .839 31 .864  
CK2 SE_SRL_II 19 .55 2 Not possible  
CUU1 SE_SRL_II 18 .654 18 .792  
CUU2 SE_SRL_II 26 .627 28 .566  
CUU3 SE_SRL_II 25 .675 15 .964  
CUU4 SE_SRL_II 65 .764 56 .869  
CI1 SE_SRL_II 28 .312 25 .514  
CI2 SE_SRL_II 35 .704 41 .870  
PO2 SE_SRL_II 107 .881 97 .770  
PA1 SE_SRL_II 22 .463 23 .601  
CT2 Own_SRL 24 .838 N/A  
CT3 Own_SRL 31 .825 N/A  
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CT4 Own_SRL 47 .902 N/A  

CUU1 Own_SRL 18 .899 18 .915  

CUU2 Own_SRL 24 .85 26 .90  
CUU3 Own_SRL 20 .91 7 .96  

CUU4 Own_SRL 65 .64 56 .77  

CI1 Own_MSLQ 28 .876 25 .851  

CI2 Own_MSLQ 46 .947 41 .955  

PO2 Own_SRL 107 .851 97 .918  

PA1 Own_SRL 22 .86 23 .85  

Hypothesis 2 
CT2 Adoption 24 .880 24 .928  
CT3 Adoption 31 .925 31 .739  
CT4 Adoption 47 .929 47 .864  
CK2 Adoption 19 .92 2 Not possible  
CUU1 Adoption 5 .757 18 .883  
CUU2 Adoption 26 .92 28 .95  
CUU3 Adoption - - 10 .92  
CUU4 Adoption 65 .88 56 .91  
CI1 Adoption 29 .817 25 .927  
CI2 Adoption 45 .920 41 .930  
PO2 Adoption 107 .924 97 .900  
PA1 Adoption 22 .84 23 .86  
CT2 ICAP_a 24 .768 24 .763  
CT3 ICAP_a 31 .756 31 .792  
CT4 ICAP_a 47 .877 47 .888  
CK2 ICAP_a 19 .61 2 Not possible  
CUU1 ICAP_a 18 .585 18 .636  

CUU2 ICAP_a 26 .758 28 .748  
CUU3 ICAP_a 25 .866 14 .912  
CUU4 ICAP_a 67 .60 56 .91  
CI2 ICAP_a - - 41 .800  
PO2 ICAP_a 107 .552 97 .620  
PA1 ICAP_a 22 .755 23 .710  
CT2 ICAP_c 24 .792 24 .703  
CT3 ICAP_c 31 .895 31 .791  
CT4 ICAP_c 47 .898 47 .905  
CK2 ICAP_c 19 .804 2 Not possible  
CUU1 ICAP_c 18 .829 18 .888  
CUU2 ICAP_c 26 .77 28 .90  
CUU3 ICAP_c 20 .95 10 .96  
CUU4 ICAP_c 67 .73 56 .89  
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CI2 ICAP_c - - 41 .900  
PO2 ICAP_c 107 .571 97 .623  
PA1 ICAP_c 22 .795 23 .855  
CT2 ICAP_i 24 .819 24 .797  
CT3 ICAP_i 31 .878 31 .875  
CT4 ICAP_i 47 .892 47 .903  
CK2 ICAP_i 19 .86 2 Not possible  
CUU1 ICAP_i 18 .855 18 .793  
CUU2 ICAP_i 26 .83 28 .86  
CUU3 ICAP_i 20 .96 10 .97  
CUU4 ICAP_i 67 .70 56 .90  
CI2 ICAP_i - - 41 .880  
PO2 ICAP_i 107 .683 97 .775  
PA1 ICAP_i 22 .829 23 .830  

Hypothesis 3 
CT2 St_SRL 241 0.842 241 0.895  
CUU1 St_MSLQ_global 47 0.853 40 0.889  
CUU2 St_MSLQ_global 30 0.840 26 0.844  
CUU3 St_MSLQ_global 39 0.911 16 0.651  
CI2 St_MSLQ_global 427 .939 383 .951  
CT2 St_subj_int 241 0.829 241 0.846  
CUU1 St_subj_int 58 0.844 56 0.873  
CUU2 St_subj_int 51 0.887 44 0.889  
CUU3 St_subj_int 68 0.879 45 0.886  
CI2 St_subj_int 262 0.906 262 .917  

CT2 St_SE_DT_info 241 0.592 241 0.759  
CUU1 St_SE_DT_info 57 0.384 56 0.612  
CUU2 St_SE_DT_info 51 0.828 43 0.628  
CUU3 St_SE_DT_info 68 0.633 45 0.622  
CI2 St_SE_DT_info 369 0.780 383 0.844  
CT2 St_SE_DT_digcont 241 0.552 241 0.712  
CUU1 St_SE_DT_digcont 57 0.754 56 0.889  
CUU2 St_SE_DT_digcont 51 0.724 43 0.678  
CUU3 St_SE_DT_digcont 68 0.820 45 0.862  
CI2 St_SE_DT_digcont 369 0.805 383 0.886  
CT2 St_SE_DT_psolv 241 0.810 241 0.855  
CUU1 St_SE_DT_psolv 57 0.874 56 0.864  
CUU2 St_SE_DT_psolv 51 0.852 43 0.836  
CUU3 St_SE_DT_psolv 68 0.879 45 0.924  
CI2 St_SE_DT_psolv 369 0.861 383 0.896  
CT2 St_teach_rel 241 0.885 241 0.925  
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CUU1 St_teach_rel 57 0.742 - -  
CUU2 St_teach_rel 51 0.782 - -  
CUU3 St_teach_rel 67 0.929 - -  
CT2 St_emo_eng 241 0.830 241 0.871  
CUU1 St_emo_eng 57 0.702 - -  
CUU2 St_emo_eng 51 0.878 - -  
CUU3 St_emo_eng 67 0.923    
CT2 St_ICAP_p 241 0.884 241 0.918  
CT2 St_ICAP_a 241 0.846 241 0.902  
CT2 St_ICAP_c 241 0.843 241 0.901  
CT2 St_ICAP_i 241 0.898 241 0.943  
CUU1 St_ICAP_p 57 0.810 56 0.878  
CUU1 St_ICAP_a 57 0.879 56 0.912  
CUU1 St_ICAP_c 57 0.813 56 0.896  
CUU1 St_ICAP_i 57 0.850 56 0.883  
CUU2 St_ICAP_p 20 0.774 43 0.942  
CUU2 St_ICAP_a 21 0.609 43 0.687  
CUU2 St_ICAP_c 21 0.839 43 0.607  
CUU2 St_ICAP_i 21 0.931 43 0.784  
CUU3 St_ICAP_p 52 0.827 46 0.914  
CUU3 St_ICAP_a 52 0.896 46 0.924  
CUU3 St_ICAP_c 52 0.852 46 0.892  
CUU3 St_ICAP_i 52 0.847 46 0.877  
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Annex B: Correlation matrixes 

Note: * = p < .05, ** = p < .01, *** = p < .001  
 
H1 Correlation matrixes  
 
CT2 - H1 Correlation matrix: PDC outcomes  

 Techpot EdPsyc DC SE_DT SE_SRL_DI SE_SRL_II SRL skills global 

Tech_pot        
EdPsych .111       
DC .002 -.222      
SE_DT .078 -.220 .673***     
SE_SRL_DI -.003 -.114 .623** .410**    
SE_SRL_II .099 -.239 .733*** .561** .840***   
Own_SRL .158 -.175 .175 .511** .110 .016  
PID skills .124 -.325 .459** .646** .216 .514** -.057 
 
CT3 - H1 Correlation matrix: PDC outcomes 

 Techpot EdPsyc DC SE_DT SE_SRL_DI SE_SRL_II SRL skills global PID skills 
Tech_pot         
EdPsych 0.164        
DC -0.362 0.230       
SE_DT 0.127 0.072 0.028      
SE_SRL_DI -0.180 0.202 0.609*** 0.067     
SE_SRL_II 0.128 0.160 0.432** 0.356** 0.615***    
Own_SRL 0.084 0.404* 0.260 0.223 0.091 0.176   
PID skills .014 -.038 -.038 -.010 -.091 -.061 -0.141  
Quality of tech 0.186 0.307 -0.268 0.183 -0.274 -0.089 0.161 -.176 
 
CT4 - H1 Correlation matrix: PDC outcomes  
 Techpot EdPsyc DC SE_DT SE_SRL_DI SE_SRL_II SRL skills global PID skills 
Tech_pot         
EdPsych - .069        
DC -.123 -.353       
SE_DT -.160 -.233 .654***      
SE_SRL_DI -.226 -.201 .604*** .528***     
SE_SRL_II -.128 -.351 .653*** .682*** .727***    
Own_SRL -.089 -.160 .194 .388** .378** .281   
PID skills .104 .114 -.127 .087 .046  .035  
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CK2 - H1 Correlation matrix: PDC outcomes  

 Techpot DC SE_DT SE_SRL_II 
Tech_pot     
DC .446    
SE_DT .171 .795***   
SE_SRL_II .044 .108 -.018  
PID skills .584** .585** .466* -.01 
 
CUU1 - H1 Correlation matrix: PDC outcomes 

 Techpot EdPsyc DC SE_DT SE_SRL_DI SE_SRL_II SRL skills global PID skills 
Tech_pot         
EdPsych -.079        
DC -.002 -.211       
SE_DT .111 -.113 .649**      
SE_SRL_DI .343 -.051 .527* .392     
SE_SRL_II .425 -.067 .523* .490* .881**    
Own_SRL .124 .255 -.245 -.254 .201 .088   
PID skills .144 -.128 -.119 -.169 -.155 -.183 -.40  
Quality of tech .115 -.205 .692** .532* .173 .338 –.103 .017 
 
CUU2 - H1 Correlation matrix: PDC outcomes 

 Techpot EdPsyc DC SE_DT SE_SRL_DI SE_SRL_II SRL skills global PID skills 
Tech_pot         
EdPsych .194        
DC .046 .065       
SE_DT .348 .061 .559*      
SE_SRL_DI .194 -.076 .498** .412*     
SE_SRL_II .109 -.088 .450* .167 .713**    
Own_SRL .365 .308 .530** .331 .617** .463*   
PID skills .005 .190 -.065 .225 .149 .108 -.006  
Quality of tech .058 .001 .764** .605** .427* .361 .313 .103 
 
CUU3 - H1 Correlation matrix: PDC outcomes 

 Techpot EdPsyc DC SE_DT SE_SRL_DI SE_SRL_II SRL skills global 
Tech_pot        
EdPsych .195       
DC -.033 .008      
SE_DT -.136 -.054 .771**     
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SE_SRL_DI .106 .475 .585 .493    
SE_SRL_II -.027 .333 .731** .499 .925**   
Own_SRL .785** .695 .125 -.264 .528 .377  
Quality of tech -.032 -.148 .619* .498 .000 .213 -.010 
 
CUU4 - H1 Correlation matrix: PDC outcomes 

 Techpot EdPsyc DC SE_DT SE_SRL_DI SE_SRL_II SRL skills global 
Tech_pot        
EdPsych -.222       
DC .069 -.049      
SE_DT -.048 .115 .542**     
SE_SRL_DI .148 -.004 .597** .295*    
SE_SRL_II .105 .046 .450** .314* .800**   
Own_SRL -.065 -.036 -.130 -.092 .050 .124  
Quality of tech .004 .055 .610** .585** .545** .568** -.038 
 

CI1 - H1 Correlation matrix: PDC outcomes, H2 Adoption 

 Techpo
t 

EdPsyc DC (Gen-
AI) 

SE_D
T 

SE_SRL_DI SE_SRL_II SRL skills 
global 

PID 
skills 

Quality of 
tech 

Adoptio
n 

Tech_pot              
EdPsych -.142             
DC (Gen-AI) -.107 -.015                 
SE_DT -.056 .226 .517**               
SE_SRL_DI -.175 .619** .395 .478*             
SE_SRL_II -.193 .404* .205 .265 .658**           
Own_SRL .141 -.097 .510** .406* .183 -.092         
PID skills (LP) -.212 .330 .160 -.101 .139 -.240 .058       
Quality of tech .543* .014 .062 -.035 -.248 .031 -.145 .075     
Adoption .000 -.127 .751** .734** .292 .179 .481* -.202 .123   

 
CI2 - H1 Correlation matrix: PDC outcomes 

 Techpot EdPsyc DC SE_DT SE_SRL_DI SE_SRL_II SRL 
skills 
global 

PID 
skills 

Quality 
of tech 

DC 
(Gen-
AI) 

Tech_pot              
EdPsych .080             
DC .146 .113                 
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SE_DT .132 .088 .590**               
SE_SRL_DI .022 .188 .470** .386*             

SE_SRL_II -.012 -.140 .280 .099 .731**           

Own_SRL .080 -.003 .483** .169 .519** .615**         

PID skills (LP) .126 .161 .226 .291 -.010 -.222 -.049       
Quality of tech .325 -.022 .348 .182 .276 .364 .113 .258     

DC (Gen-AI) -.103 .056 .370* .027 .273 .259 .344* .058 -.153   
 
PO2 - H1 Correlation matrix: PDC outcomes 

 DC SE_DT SE_SRL_DI SE_SRL_II SRL skills global 
DC      
SE_DT .476***     
SE_SRL_DI .498*** .515**    
SE_SRL_II .374*** .511*** .648***   
Own_SRL .474*** .093 -.015 .109 .072 
PID skills .036 .403*** .312*** .320**  
 
PA1 - H1 Correlation matrix: PDC outcomes 

 Techpot EdPsyc DC SE_DT SE_SRL_DI SE_SRL_II SRL skills global 
Tech_pot        
EdPsych .412*       
DC .534** .382*      
SE_DT .287* .219 .452**     
SE_SRL_DI .358* .311* .491** .281*    
SE_SRL_II .441** .338* .552*** .331* .613***   
Own_SRL .329* .291* .468** .269* .651*** .582***  
PID skills .268* .249* .421** .258* .569*** .523*** .692*** 
 
CT2 - H2 Adoption, motivation and contextual factors  

 Adoption EVC_exp EVC_tv EVC_c Princ support Inform collab 
Adoption       
EVC_exp .829***      
EVC_tv .894*** .812***     
EVC_c -.243 -.293 -.413**    
Princ support -.052 -.215 -.104 .272   
Inform collab .259 .166 .248 .317 .528**  
Imp_DT .101 -.102 .037 .280 .525** .425** 
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CT3 - H2 Adoption, motivation and contextual factors  

 Adoption EVC_exp EVC_tv EVC_c Princ support Inform collab 
Adoption       
EVC_exp .753***      
EVC_tv .727*** .407**     
EVC_c -.039 .092 -.134    
Princ support .464** .571*** .093 -.092   
Inform collab .331 .547*** .125 .139 .596***  
Imp_DT .499** .657*** .165 .177 .715*** .699*** 
 
CT4 - H2 Adoption, motivation and contextual factors  
 Adoption EVC_exp EVC_tv EVC_c Princ support Inform collab 
Adoption       
EVC_exp .673***      
EVC_tv .831*** .679***     
EVC_c -.265 -.285 -.441**    
Princ support .072 .047 .108 -.053   
Inform collab .230 .235 .105 -.052 .490**  
Imp_DT .301 .140 .130 -.045 .666*** .724*** 
 
CUU1 - H2 Adoption, motivation and contextual factors  

 Adoption EVC_exp EVC_tv EVC_c Princ support Inform collab 
Adoption       
EVC_exp .317      
EVC_tv .565* .368     
EVC_c -.272 -.086 -.378    
Princ support -.336 -.279 -.377 -.232   
Inform collab -.065 -.279 -.163 -.351 .596**  
Imp_DT -.282 -.435 -.159 -.374 .730** .859** 
 
CUU2 - H2 Adoption, motivation and contextual factors  

 Adoption EVC_exp EVC_tv EVC_c Princ support Inform collab 
Adoption       
EVC_exp .471*      
EVC_tv .615** .846**     
EVC_c .039 .092 .121    
Princ support .186 .038 .083 .002   
Inform collab .058 .014 -.161 -.019 .643**  
Imp_DT .289 .137 .075 .060 .818** .545** 
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CUU3 - H2 Adoption, motivation and contextual factors  

 Adoption EVC_exp EVC_tv EVC_c Princ support Inform collab 
Adoption       
EVC_exp .587*      
EVC_tv .606* .844**     
EVC_c -.253 .002 -.291    
Princ support .087 -.038 .097 -.725**   
Inform collab -.209 -.234 .133 -.504 .476*  
Imp_DT -.199 -.145 -.195 -.545* .862** .513** 
 
CI2 - H2 Adoption, motivation and contextual factors  

 Adoption Inform collab 
Adoption   
Inform collab .027   
 

PO2 - H2 Adoption, motivation and contextual factors 

 Adoption EVC_exp EVC_tv EVC_c 
Adoption     
EVC_exp .401***    
EVC_tv .476*** .527***   
EVC_c .065 -.028 .005  
 
PA1 - H2 Adoption, motivation and contextual factors  

 Adoption EVC_exp EVC_tv EVC_c Princ support Inform collab 
Adoption       
EVC_exp .487***      
EVC_tv .523*** .612***     
EVC_c -.391** -.443*** -.471***    
Princ support .309* .271* .343** -.192   
Inform collab .361** .292* .413** -.223 .478**  
Imp_DT .551*** .462*** .583*** -.329** .352** .391** 
 
CT2 - H2 Technology-integration practices  
 ICAP_p ICAP_a ICAP_c 
ICAP_p    
ICAP_a .318   
ICAP_c .195 .694***  
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ICAP_i .197 .695*** .771*** 
 
CT3 - H2 Technology-integration practices  
 ICAP_p ICAP_a ICAP_c 
ICAP_p    
ICAP_a .176   
ICAP_c .169 .647***  
ICAP_i .211 .663*** .765*** 
 
CT4 - H2 Technology-integration practices  
 ICAP_p ICAP_a ICAP_c 
ICAP_p    
ICAP_a .713***   
ICAP_c .715*** .817***  
ICAP_i .652*** .731*** .847*** 
 
CK2 - H2 Technology-integration practices  
 ICAP_p ICAP_a ICAP_c 
ICAP_p    
ICAP_a .592**   
ICAP_c .588** .599**  
ICAP_i .196 .401 .736*** 
 
CUU1 - H2 Technology-integration practices  
 ICAP_p ICAP_a ICAP_c 
ICAP_p    
ICAP_a .313   
ICAP_c .158 .731**  
ICAP_i .444 .605** .688** 
 
CUU2 - H2 Technology-integration practices  
 ICAP_p ICAP_a ICAP_c 
ICAP_p    
ICAP_a .665**   
ICAP_c .684** .674**  
ICAP_i .518** .638** .906** 
 
CUU3 - H2 Technology-integration practices  
 ICAP_p ICAP_a ICAP_c 
ICAP_p    
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ICAP_a .888**   
ICAP_c .886** .813**  
ICAP_i .812** .712** .939** 
 
CUU4 - H2 Technology-integration practices  
 ICAP_p ICAP_a ICAP_c 
ICAP_p    
ICAP_a .591**   
ICAP_c .587** .822**  
ICAP_i .509** .688** .779** 
 
CI2 - H2 Technology-integration practices  
 ICAP_a ICAP_c ICAP_i 
ICAP_a       
ICAP_c .620**     
ICAP_i .679** .734**   
 

PO2 - H2 Technology-integration practices  

 ICAP_p ICAP_a ICAP_c 
ICAP_p    
ICAP_a .599***   
ICAP_c .518*** .589***  
ICAP_i .516*** .585*** .677*** 
 
PA1 - H2 Technology-integration practices  
 ICAP_p ICAP_a ICAP_c 
ICAP_p    
ICAP_a .421**   
ICAP_c .213 .481***  
ICAP_i .151 .363** .621*** 
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Annex C: Hypothesis-testing results 

CT2 Main effect models for H1.3 (Teacher PDC-related outcomes) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

DC Ancova Pre_DC F(1,21)= .18 .676 η²p=.008 Not supported 

SE_DT Ancova Pre_DT F(1,21)=1.67 .210 η²p=.054 Not supported 

SE_SRL_DI Ancova Pre SE_SRL_di F(1,21)=.03 .846 η²p=.001 Not supported 

SE_SRL_II Ancova Pre SE_SRL_ii F(1,21)=1.39 .713 η²p=.007 Not supported 

PID skills Ancova Pre_PID F(1,21)=.35 .561 η²p=.018 Not supported 

CT3 Main effect models for H1.3 (Teacher PDC-related outcomes) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

DC Ancova Pre_DC F(1,28)= 4.04 .054 η²p=.126 Trend only 

SE_DT Ancova Pre_DT F(1,28)= .412 .526 η²p=.010 Not supported 

SE_SRL_DI Ancova Pre SE_SRL_di F(1,28)= 1.58 .218 η²p=.054 Not supported 

SE_SRL_II Ancova Pre SE_SRL_ii F(1,28)= .238 .630 η²p=.008 Not supported 

PID skills Ancova Pre_PID F(1,28)= .928 .344 η²p=.032 Not supported 

Quality of tech Anova N/A F(1,29)= .002 .958 η²p=.000 Not supported 

CT4 Main effect models for H1.3 (Teacher PDC-related outcomes) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

DC Ancova Pre_DC F(1,44)=6.28 .016 η²p=.125 Supported, higher post-test DC in 
KI+CD+SL 

SE_DT Ancova Pre_DT F(1,44)=7.04 .011 η²p=.138 Supported, higher post-test SE_DT 
in KI+CD+SL 

SE_SRL_DI Ancova Pre SE_SRL_di F(1,44)=2.23 .143 η²p=.048 Not supported 

SE_SRL_II Ancova Pre SE_SRL_ii F(1,44)=1.07 .306 η²p=.024 Not supported 

PID skills Ancova Pre_PID F(1,44)= .06 .804 η²p=.001 Not supported 

CUU1 Main effect models for H1.3 (Teacher PDC-related outcomes) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

DC Mann-Whitney-U N/A U = 34.50 .595 r = –.13 Not supported 

SE_DT Mann-Whitney-U N/A U = 23.00 .109 r = –.38 Not supported 

SE_SRL_global Mann-Whitney-U N/A U = 44.00 p = .756 r = .07 Not supported 

PID skills t-test N/A t(16) = −0.32 .757 d = −0.15 Not supported 

CUU2 Main effect models for H1.3 (Teacher PDC-related outcomes) 
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Outcome Analysis Co-variates Method effect p Effect size Conclusion 

DC Mann-Whitney-U N/A U = 117.50 .317 r = .19 Not supported 

SE_DT Mann-Whitney-U N/A U = 7.00 .556 r=-.25 Not supported 

SE_SRL_global Mann-Whitney-U N/A U = 10.50 .429 r=-.25 Not supported 

PID skills t-test N/A t(27) = 0.00 1.00 d = 0.00 Not supported 

CUU3 Main effect models for H1.3 (Teacher PDC-related outcomes) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

DC Mann-Whitney-U N/A U = 13.50 .784 r = –.08 Not supported 

SE_DT Mann-Whitney-U N/A U = 7.00 .453 r = –.25 Not supported 

SE_SRL_global Mann-Whitney-U N/A U = 10.50 .406 r = –.25 Not supported 

CUU4 Main effect models for H1.3 (Teacher PDC-related outcomes) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

DC Mann-Whitney-U N/A U = 369.50 .766 r = .04 Not supported 

SE_DT Mann-Whitney-U N/A U = 258.00 .03 r = .29 Supported: Higher post-test SE_DT 
for KI+SL  

SE_SRL_global Mann-Whitney-U N/A U = 211.00 .003 r = .39 Supported: Higher post-test 
SE_SRL_global for KI+SL 

CI1 Main effect models for H1.3 (Teacher PDC-related outcomes) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

DC_GenAI Ancova Pre_DC_GenAI F(1,21)=2.06  .166 η²p=.089 Not supported 

SE_DT Ancova Pre_Se_DT F(1,21)=0.92 .350 η²p=.042 Not supported 

SE_SRL_DI Ancova Pre_SE_SRL_di F(1,21)=0.05 .832 η²p=.002 Not supported 

SE_SRL_II Ancova Pre_SE_SRL_ii F(1,21)=0.96 .338 η²p=.044 Not supported 

SSS_LP Independent t-
test 

N/A t(17)=0.92 .368  d=.43  Not supported 

CI2 Main effect models for H1.3 (Teacher PDC-related outcomes) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

DC_GenAI Ancova Pre_DC_GenAI F(2,28)=1.11 .343 η²p=.074 Not supported 

DC Anova N/A F(2,38)=0.12 .887 η²p=.006 Not supported 

SE_DT Ancova Pre_Se_DT F(2,30)=0.18 .833 η²p=.012 Not supported 

SE_SRL_DI Ancova Pre_SE_SRL_di F(2,31)=2.32 .115 η²p=.130 Not supported 

SE_SRL_II Ancova Pre_SE_SRL_ii F(2,31)=0.87 .429 η²p=.053 Not supported 
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SSS_LP Independent t-
test 

N/A t(21)=−1.51 .147 d=-.68 Not supported 

PO2 Main effect models for H1.3 (Teacher PDC-related outcomes) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

DC Linear regression Pre_DC b=0.16 .29  Not supported 

SE_DT Linear regression Pre_DT b=−0.23 .428  Not supported 

SE_SRL_DI Linear regression Pre SE_SRL_di b=0.16 .339  Not supported 

SE_SRL_II Linear regression Pre SE_SRL_ii b=0.09 .505  Not supported 

PID skills Linear regression Pre_PID b=−0.29 .381  Not supported 

PA1 Main effect models for H1.3 (Teacher PDC-related outcomes) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

DC Mann-Whitney-U N/A U= 57.00 .387 r = .177 Not supported 

SE_DT Mann-Whitney-U N/A U= 144.50 .769 r = .053 Not supported 

SE_SRL_DI Mann-Whitney-U N/A U=127.50 .767 r=.053 Not supported 

SE_SRL_II Mann-Whitney-U N/A U=123.00 .641 r=.082 Not supported 

PID skills Mann-Whitney-U N/A U = 139.50 .913 r = .022 Not supported 

CT3 Main effect models for H2.1 (Adoption and motivation) 
Outcome Analysis Co-variates Method effect p Effect size Conclusion 

Adoption Ancova Pre_adoption F(1,28)=4.65 .040 η²p=.143 Contrary to expectations, the 
KI+CD+SL reported significantly 
higher adoption intentions than the 
comparison group after controlling 
for pre-adoption. 

CT4 Main effect models for H2.1 (Adoption and motivation) 
Outcome Analysis Co-variates Method effect p Effect size Conclusion 

Adoption Ancova Pre_adoption F(1,44)=9.97 .003 η²p=.185 Supported; higher post-test 
adoption in KI+CD+SL 

CUU1 Main effect models for H2.1 (Adoption and motivation) 
Outcome Analysis Co-variates Method effect p Effect size Conclusion 

Adoption Mann-Whitney-U N/A U = 24.00 .14 r = –.35 Not supported 

CUU2 Main effect models for H2.1 (Adoption and motivation) 
Outcome Analysis Co-variates Method effect p Effect size Conclusion 

Adoption Mann-Whitney-U N/A U =113.50 .21 r=.16 Not supported 
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CUU3 Main effect models for H2.1 (Adoption and motivation) 
Outcome Analysis Co-variates Method effect p Effect size Conclusion 

Adoption Mann-Whitney-U N/A U = 4.50 .108 r = –.51 Not supported 

CUU4 Main effect models for H2.1 (Adoption and motivation) 
Outcome Analysis Co-variates Method effect p Effect size Conclusion 

Adoption Mann-Whitney-U N/A U = 320.50 .265 r = .15  

CI1 Main effect models for H2.1 (Adoption and motivation) 
Outcome Analysis Co-variates Method effect p Effect size Conclusion 

Adoption Mixed-design 
ANOVA 

N/A F(1,23)=5.43 .029 η²p=.191 Supported 

CI2 Main effect models for H2.1 (Adoption and motivation) 
Outcome Analysis Co-variates Method effect p Effect size Conclusion 

Adoption Ancova Pre_adoption F(2,30)=0.54 .589 η²p=.035 Not supported 

PO2 Main effect models for H2.1 (Adoption and motivation) 
Outcome Analysis Co-variates Method effect p Effect size Conclusion 

Adoption Linear regression Pre_Adoption b=−0.17 .392  Not supported 

PA1 Main effect models for H2.1 (Adoption and motivation) 
Outcome Analysis Co-variates Method effect p Effect size Conclusion 

Adoption Mann-Whitney-U N/A U= 124.00 .673 r = .075 Not supported 

CT4 Main effect models for H2.2 (Technology-integration practices) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

ICAP_a Ancova Pre_ICAP_a F(1,30)=2.66 .113 η²p=.040 Not supported 

ICAP_c Ancova Pre_ICAP_c F(1,30)=3.48 .078 η²p=.062 Not supported (trend only; 
descriptively higher in KI+CD+SL) 

ICAP_i Ancova Pre_ICAP_i F(1,30)= 1.79 .191 η²p=.038 Not supported 

CUU1 Main effect models for H2.2 (Technology-integration practices) 
Outcome Analysis Co-variates Method effect p Effect size Conclusion 

ICAP_a Mann-Whitney-U N/A U = 26.00 .19 r = –.31 Not supported 

ICAP_c Mann-Whitney-U N/A U = 30.50 .37 r = –.21 Not supported 

ICAP_i Mann-Whitney-U N/A U = 54.00 .22 r = .29 Not supported 

CUU2 Main effect models for H2.2 (Technology-integration practices) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 
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ICAP_a Mann-Whitney-U N/A U = 94.50 .94 r = –.01 Not supported 

ICAP_c Mann-Whitney-U N/A U = 96.50 .98 r = .00 Not supported 

ICAP_i Mann-Whitney-U N/A U = 110.50 .49 r = .13 Not supported 

CUU3 Main effect models for H2.2 (Technology-integration practices) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

ICAP_a Mann-Whitney-U N/A U = 10.00 .664 r = –.14 Not supported 

ICAP_c Mann-Whitney-U N/A U = 10.50 .748 r = –.10  Not supported 

ICAP_i Mann-Whitney-U N/A U = 12.50 .915 r = .03 Not supported 

CUU4 Main effect models for H2.2 (Technology-integration practices) 
Outcome Analysis Co-variates Method effect p Effect size Conclusion 

ICAP_a Mann-Whitney-U N/A U = 241.00 .015 r = .33 Higher post-test for KI+SL 

ICAP_c Mann-Whitney-U N/A U = 330.50 .343 r = .13 Not supported 

ICAP_i Mann-Whitney-U N/A U = 338.50 .414 r = .11 Not supported 

CI2 Main effect models for H2.2 (Technology-integration practices) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

ICAP_a Anova N/A F(2,38)=1.17 .321 η²p=.058 Not supported 

ICAP_c Anova N/A F(2,38)=0.12 .892 η²p=.006 Not supported 

ICAP_i Anova N/A F(2,38)=0.39 .678 η²p=.020 Not supported 

PO2 Main effect models for H2.2 (Technology-integration practices) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

ICAP_p Linear regression Pre_ICAP_p b=0.34 .052  Not supported 

ICAP_a Linear regression Pre_ICAP_a b=0.29 .096  Not supported 

ICAP_c Linear regression Pre_ICAP_c b=0.29 .122  Not supported 

ICAP_i Linear regression Pre_ICAP_i b=0.06 .761  Not supported 

PA1 Main effect models for H2.2 (Technology-integration practices) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

ICAP_p Mann-Whitney-U N/A U=162.00 .347 r=.163 Not supported 

ICAP_a Mann-Whitney-U N/A U=117.00 .496 r=.119 Not supported 

ICAP_c Mann-Whitney-U N/A U=130.50 .854 r=.034 Not supported 

ICAP_i Mann-Whitney-U N/A U=130.50 .854 r=.034 Not supported 

CI1 Main effect models for H2.2 (Teachers’ SRL skills) 

Outcome Analysis Co-variates Method effect p Effect size Conclusion 

Own_MSLQ_reh Paired t-test N/A t(13)=−3.07 .009 d=-0.82 Supported; significantly higher post-
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   test scores within the KI+CD group 

Own_MSLQ_effreg 
 

Paired t-test 
 

N/A t(13)=−2.85 
 

.014 d=-0.76 Supported; significantly higher post-
test scores within the KI+CD group 

Own_MSLQ_peerlearn Mixed Anova 
 

N/A F(1,23)=7.24 .013 
 

η²p=.239 Supported; higher post-test in 
KI+CD 

CI2 Main effect models for H2.2 (Teachers’ SRL skills) 
Outcome Analysis Co-variates Method 

effect 
p Effect size Conclusion 

Own_MSLQ Ancova 
 

Pre Own_MSLQl F(2,31)=4.26 
 

.023 
 

η²p=.216 Supported; higher post-test  in 
KI+CD+SL 

Own_MSLQ_elab 
 

Ancova 
 

Pre Own_MSLQ_elab F(2,31)=4.89 
 

.014 η²p=.240 Supported; higher post-test in 
KI+CD+SL 

Own_MSLQ_peerlearn Ancova 
 

Pre Own_MSLQ_peerlearn F(2,31)=3.76 .034 
 

η²p=.195 Supported; higher post-test in 
KI+CD 

 
 



EffecTive - Efficiency and Effectiveness of Training for Teachers’ Pedagogical Digital Competence 
 

108 

Annex D: Moderation, mediation, and multilevel analysis 

CT4: Moderation analyses for H1.3 (SRL as moderator) 

Outcome Moderator Analysis Interaction term p Effect size Conclusion 

DC SRL_global Ancova F(1,42)= .004 .952 η²p< .001 No moderation 

SE_DT SRL_global Ancova F(1,42)= .119 .732 η²p= .003 No moderation 

SE_SRL_DI SRL_global Ancova F(1,42)= .334 .566 η²p= .008 No moderation 

SE_SRL_II SRL_global Ancova F(1,42)= .030 .861 η²p= .001 No moderation 

SSS_P SRL_global Ancova F(1,42)= .061 .805 η²p= .001 No moderation 

SSS_I SRL_global Ancova F(1,42)= .849 .362 η²p= .020 No moderation 

SSS_D SRL_global Ancova F(1,42)= .712 .404 η²p= .017 No moderation 

CT4: Moderation analyses for H2.1 (contextual moderators) 

Outcome Moderator Analysis Interaction term p Effect size Conclusion 

Adoption Principal support Ancova F(1,33)= 1.56 .221 η²p= .045 No moderation 

Adoption Inform collab Ancova F(1,33)= .54 .468 η²p= .016 No moderation 

Adoption Imp_DT Ancova F(1,33)= 2.05 .161 η²p= .059 No moderation 

CT4: Moderation analyses for H2.2 (SRL as moderator) 

Outcome Moderator Analysis Interaction term p Effect size Conclusion 

ICAP_a SRL_global Ancova F(1,28)= .04 .826 η²p= .001 No moderation 

ICAP_c SRL_global Ancova F(1,28)= 2.95 .095 η²p= .077 No clear moderation, trend only 

ICAP_i SRL_global Ancova F(1,28)= .300 .588 η²p= .011 No moderation 

CI1: Moderation analyses for H1.3 (SRL as moderator) 

Outcome Moderator Analysis Interaction term p Effect size Conclusion 

DC_GenAI  SRL_global PROCESS 
Model 1 

b = 0.37, SE = 0.44, 
t(20)=0.83 

.416 ΔR²=.018 No moderation.  

SE_DT SRL_global PROCESS 
Model 1 

b = −1.58, SE = 
0.70, t(20)=−2.26 

.035 ΔR²=.106 Partial SRL moderation; SRL 
moderated the relationship between 
training complexity and Digital 
Teaching Self-Efficacy - A significant 
interaction effect was found (p < 
.05), but conditional effects were not 
significant, indicating a non-robust 
(partial) moderation. 

SE_SRL_DI SRL_global PROCESS 
Model 1 

b = −0.23, SE = 
0.45, t(20)=−0.52 

.611 ΔR²=.009 No moderation 

SE_SRL_II SRL_global PROCESS b = −0.36, SE = .452 ΔR²=.028 No moderation 
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Model 1 0.46, t(20)=−0.77 

Adoption SRL_global PROCESS 
Model 1 

b = −0.33, SE = 
0.71, t(20)=−0.46 

.650 ΔR²=.004 No moderation.  

CI1: Mediation analyses for H2.2 (SRL as mediator) 

Outcome Mediator Analysis Indirect effect 
through SRL 

p Effect size Conclusion 

DC_GenAI  SRL_global PROCESS 
Model 4 

b = −0.04, BootSE 
= 0.14, 95% BCa 
CI [−0.32, 0.23] 

N/A Indirect effect 
= −0.035 

No mediation. However, post SRL 
showed a significant positive main 
effect as a predictor of digital 
competence. 

Adoption SRL_global PROCESS 
Model 4 

b = −0.06, BootSE 
= 0.24, 95% BCa 
CI [−0.61, 0.36] 

N/A Indirect effect 
= −0.061 

No mediation. However, post  SRL 
showed a significant positive main 
effect as a predictor of intended 
adoption.  

CI1: Moderation analyses for H2.1 (contextual moderators) 

Outcome Moderator Analysis Interaction term p Effect size Conclusion 

DC (GenAI 
competence) 

Prior digital 
competence 

PROCESS 
Model 1 

b = 0.58, SE = 0.37, 
t(21)=1.59 

.127 ΔR²=.064 No moderation 

SE_DT Prior SE_DT PROCESS 
Model 1 

b = −0.33, SE = 
0.34, t(21)=−0.97 

.345 ΔR²=.022 No moderation 

SE_SRL_DI Prior SE_SRL_di PROCESS 
Model 1 

b = −0.05, SE = 
0.26, t(21)=−0.18 

.861 ΔR²=.001 No moderation 

SE_SRL_II Prior SE_SRL_ii PROCESS 
Model 1 

b = −0.30, SE = 
0.34, t(21)=−0.89 

.384 ΔR²=.035 No moderation 

CI2: Moderation analyses for H1.3 (SRL as moderator) 

Outcome Moderator Analysis Interaction term p Effect size Conclusion 

DC SRL_global PROCESS 
Model 1 

F(2,35)=0.84 .440 ΔR²=.035 No moderation.  

SE_DT SRL_global PROCESS 
Model 1 

F(2,29)=2.14  .136 ΔR²=.121 No moderation 

SE_SRL_DI SRL_global PROCESS 
Model 1 

F(2,30)=1.05 .362 ΔR²=.045 No moderation 

SE_SRL_II SRL_global PROCESS 
Model 1 

F(2,30)=0.26 .777 ΔR²=.010 No moderation 

Adoption SRL_global PROCESS 
Model 1 

F(2,29)=3.33 .0498 ΔR²=.139 No moderation; Overall interaction 
significant, but individual interaction 
terms nonsignificant 
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CI2: Mediation analyses for H2.2 (SRL as mediator) 

Outcome Mediator Analysis Indirect effect 
through SRL 

p Effect size Conclusion 

ICAP_a SRL_global PROCESS 
Model 4 

X1: b=−0.11, 
BootSE=0.16, 95% 
BCa CI [−0.48, 
0.16]; X2: 
b=−0.10, 
BootSE=0.15, 95% 
BCa CI [−0.44, 
0.16] 

N/A Indirect effects 
= −0.108, 
−0.099 

No mediation. However, post SRL 
showed a significant positive main 
effect as an independent predictor of 
active ICAP practices. 

ICAP_c SRL_global PROCESS 
Model 4 

X1:b=−0.05, 
BootSE=0.10, 95% 
BCa CI [−0.31, 
0.08]; X2: 
b=−0.05, 
BootSE=0.09, 95% 
BCa CI [−0.29, 
0.07] 

N/A Indirect effects 
= −0.055, 
−0.050 

No mediation/moderation. 

ICAP_i SRL_global PROCESS 
Model 4 

X1: b=−0.13, 
BootSE=0.18, 95% 
BCa CI [−0.48, 
0.24]; X2: 
b=−0.11, 
BootSE=0.16, 95% 
BCa CI [−0.46, 
0.20] 

N/A Indirect effects 
= −0.125, 
−0.114 

No mediation. However, post SRL 
showed a significant positive main 
effect as an independent predictor of 
interactive ICAP practices. 

CI2: Moderation analyses for H2.1 (contextual moderators) 

Outcome Moderator Analysis Interaction term p Effect size Conclusion 

Adoption Inform collab PROCESS 
Model 1 

F(2,29)=0.27 .763 ΔR²=.015 No moderation 

SE_DT Prior SE_DT PROCESS 
Model 1 

F(2,30)=0.32 .731 ΔR²=.020 No moderation 

SE_SRL_DI Prior SE_SRL_di PROCESS 
Model 1 

F(2,31)=2.34 .113 ΔR²=.121 No moderation 

SE_SRL_II Prior SE_SRL_ii PROCESS 
Model 1 

F(2,31)=1.01 .375 ΔR²=.057 No moderation 

PA1: Moderation analyses for H1.3 (SRL as moderator) 

Outcome Moderator Analysis Interaction term p Effect size Conclusion 

DC SRL_global Ancova F(1,19)= .004 .017 η²p= .061 SRL moderation 
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SE_DT SRL_global Ancova F(1,19)= .119 .029 η²p= .053 SRL moderation 

SE_SRL_DI SRL_global Ancova F(1,19)= .334 .081 η²p= .035 No moderation 

SE_SRL_II SRL_global Ancova F(1,19)= .030 .013 η²p= .067 SRL moderation 

SSS_P SRL_global Ancova F(1,19)= .061 .157 η²p= .024 No moderation 

SSS_I SRL_global Ancova F(1,19)= .849 .040 η²p= .048 SRL moderation 

SSS_D SRL_global Ancova F(1,19)= .712 .025 η²p= .056 SRL moderation 

PA1: Moderation analyses for H2.1 (contextual moderators) 

Outcome Moderator Analysis Interaction term p Effect size Conclusion 

Adoption Principal support Ancova F(1,22)= .616 .441 η²p= .027 No moderation 

Adoption Inform collab Ancova F(1,22)= .268 .610 η²p= .012 No moderation 

Adoption Imp_DT Ancova F(1,22)= .132 .720 η²p= .006 No moderation 

EVC_exp Principal support Ancova F(1,22) = 591. .450 η²p= .026 No moderation 

EVC_exp Inform collab Ancova F(1,22) = .192 .666 η²p= .009 No moderation 

EVC_exp Imp_DT Ancova F(1,22) = .127 .725 η²p= .006 No moderation 

EVC_tv Principal support Ancova F(1,22) = .304 .587 η²p= .014 No moderation 

EVC_tv Inform collab Ancova F(1,22) = .118 .734 η²p= .005 No moderation 

EVC_tv Imp_DT Ancova F(1,22) = .018 .893 η²p= .001 No  moderation 

EVC_c Principal support Ancova F(1,22) = 1.746 .200 η²p= .074 No moderation 

EVC_c Inform collab Ancova F(1,22) = .270 .609 η²p= .012 No moderation 

EVC_c Imp_DT Ancova F(1,22) = .099 .756 η²p= .004 No moderation 

PA1:Moderation analyses for H2.2 (SRL as moderator) 

Outcome Moderator Analysis Interaction term p Effect size Conclusion 

ICAP_a SRL_global Ancova F(1,19)= .440 .515 η²p= .023 No moderation 

ICAP_c SRL_global Ancova F(1,19)= .010 .921 η²p= .001 No moderation 

ICAP_i SRL_global Ancova F(1,19)= .010 .921 η²p= .001 No moderation 

Multilevel analysis for H2 and H3 

H2.4: Effects on subject-specific skills, N=417 (TLU, UULM, TAU) 

Parameter Estimate Std. Error df t Sig. 
95% Confidence Interval 

Lower Bound Upper Bound 

Intercept -.100 .389 408 -.258 .796 -.866 .665 
Trainingmethod -.030 .056 408 -.544 .587 -.140 .079 

DC .030 .071 408 .419 .676 -.110 .170 
SE_DT .010 .055 408 .181 .857 -.098 .118 
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sc_inf_collab .003 .024 408 .113 .910 -.044 .049 
dem_work_exp .004 .005 408 .808 .420 -.006 .013 
SE_SRL_global -.035 .097 408 -.358 .721 -.226 .156 

St_subskills .398 .045 408 8.809 <.001 .309 .487 
ControlGroup -.097 .262 408 -.372 .710 -.612 .417 

H2.5: Effects on self-regulation skills, N=523 (TLU, UULM, TAU) 

Parameter Estimate Std. Error df t Sig. 
95% Confidence Interval 

Lower Bound Upper Bound 

Intercept 3.534 .430 514 8.217 <.001 2.689 4.379 
Trainingmethod -.004 .020 514 -.179 .858 -.042 .035 

DC .004 .013 514 .288 .773 -.023 .030 
SE_DT -.002 .011 514 -.144 .886 -.024 .021 

sc_inf_collab -.007 .005 514 -1.398 .163 -.017 .003 
dem_work_exp .001 .001 514 1.414 .158 -.001 .003 
SE_SRL_global -.017 .018 514 -.943 .346 -.052 .018 
ControlGroup .048 .077 514 .623 .534 -.104 .200 
St_SRL_pre .656 .007 514 94.195 <.001 .642 .670 

H3: Equity and inclusion 

Dependent Variable: St_subskills_post (N=253, TLU, UULM) 

Parameter Estimate Std. Error df t Sig. 
95% Confidence Interval 

Lower 
Bound 

Upper 
Bound 

Intercept .179 .653 238 .275 .784 -1.108 1.467 
Trainingmethod -.004 .131 238 -.027 .978 -.262 .255 
dem_work_exp .002 .007 238 .243 .808 -.012 .015 
SE_SRL_global -.045 .241 238 -.187 .852 -.519 .429 
ControlGroup -.010 .399 238 -.024 .981 -.796 .777 
s_dem_gender -.035 .104 238 -.332 .740 -.240 .171 

s_dem_ses .027 .041 238 .641 .522 -.055 .108 
s_dem_sen -.208 .153 238 -1.360 .175 -.510 .093 

S_migr_backgr -.015 .047 238 -.321 .749 -.107 .077 
s_dem_migr_belong -.285 .222 238 -1.282 .201 -.722 .153 
s_dem_lang_home .219 .196 238 1.119 .264 -.167 .604 

St_subskills_pre .342 .059 238 5.789 <.001 .226 .459 
St_SRL_pre .174 .061 238 2.861 .005 .054 .293 
St_SoB_pre .022 .076 238 .290 .772 -.127 .171 
Incl_awar -.004 .043 238 -.087 .931 -.089 .081 

Dependent Variable: St_subj_int_post (N=233, TLU, UULM) 
Parameter Estimate Std. Error df t Sig. 95% Confidence Interval 
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Lower 
Bound 

Upper 
Bound 

Intercept .581 .639 218 .910 .364 -.678 1.841 
Trainingmethod -.044 .118 218 -.368 .713 -.277 .190 

DC .006 .092 218 .070 .944 -.174 .187 
SE_DT .060 .080 218 .755 .451 -.097 .218 

dem_work_exp -.004 .006 218 -.757 .450 -.015 .007 
SE_SRL_global .368 .176 218 2.086 .038 .020 .715 
ControlGroup -.068 .433 218 -.158 .875 -.922 .785 
sc_inf_collab -.015 .033 218 -.463 .643 -.081 .050 

s_dem_gender .172 .085 218 2.028 .044 .005 .340 
s_dem_ses -.009 .035 218 -.270 .787 -.078 .059 
s_dem_sen .051 .116 218 .440 .660 -.177 .279 

s_dem_migr_backgr -.048 .046 218 -1.034 .302 -.139 .043 
s_dem_migr_belong -.316 .178 218 -1.777 .077 -.667 .035 
s_dem_lang_home -.130 .155 218 -.839 .402 -.434 .175 

St_subj_int_pre .570 .050 218 11.344 <.001 .471 .669 
Dependent Variable: St_SE_DT_post (N=231, TLU, UULM) 

Parameter Estimate Std. Error df t Sig. 
95% Confidence Interval 

Lower 
Bound 

Upper 
Bound 

Intercept -.437 .632 216 -.691 .490 -1.682 .809 
Trainingmethod .161 .117 216 1.373 .171 -.070 .392 

DC .060 .084 216 .712 .477 -.106 .226 
SE_DT -.025 .072 216 -.347 .729 -.167 .117 

dem_work_exp -.001 .005 216 -.267 .790 -.012 .009 
SE_SRL_global .102 .158 216 .643 .521 -.210 .413 
ControlGroup .331 .421 216 .786 .433 -.499 1.160 
sc_inf_collab -.071 .031 216 -2.252 .025 -.133 -.009 

s_dem_gender .195 .092 216 2.122 .035 .014 .376 
s_dem_ses -.023 .037 216 -.606 .545 -.096 .051 
s_dem_sen .071 .125 216 .568 .571 -.175 .316 

s_dem_migr_backgr .063 .045 216 1.402 .162 -.026 .151 
s_dem_migr_belong .000 .192 216 -.002 .999 -.380 .379 
s_dem_lang_home -.246 .164 216 -1.500 .135 -.570 .077 

St_SE_DT_pre .304 .067 216 4.541 <.001 .172 .436 
Dependent Variable: St_SRL_post (N=238, TLU, UULM) 

Parameter Estimate Std. Error df t Sig. 
95% Confidence Interval 

Lower 
Bound 

Upper 
Bound 

Intercept 3.524 .571 223 6.168 <.001 2.398 4.650 
Trainingmethod .026 .020 223 1.258 .210 -.015 .066 

DC -.003 .016 223 -.162 .871 -.033 .028 
SE_DT -.009 .014 223 -.664 .507 -.036 .018 
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dem_work_exp .000 .001 223 .378 .705 -.002 .002 
SE_SRL_global -.019 .030 223 -.635 .526 -.078 .040 
ControlGroup .115 .076 223 1.507 .133 -.035 .265 
sc_inf_collab -.011 .006 223 -1.854 .065 -.023 .001 

s_dem_gender -.032 .017 223 -1.919 .056 -.065 .001 
s_dem_ses .002 .007 223 .323 .747 -.011 .016 
s_dem_sen -.015 .022 223 -.697 .487 -.058 .028 

s_dem_migr_backgr .048 .024 223 2.037 .043 .002 .094 
s_dem_migr_belong -.017 .036 223 -.468 .640 -.089 .055 
s_dem_lang_home .034 .031 223 1.077 .283 -.028 .095 

St_SRL_pre .515 .009 223 54.461 <.001 .496 .534 
Dependent Variable: St_SoB_post (N=180, TLU, UULM) 

Parameter Estimate Std. Error df t Sig. 
95% Confidence Interval 

Lower 
Bound 

Upper 
Bound 

Intercept .352 .804 163 .438 .662 -1.234 1.939 
Trainingmethod -.093 .084 163 -1.111 .268 -.260 .073 

DC .293 .179 163 1.635 .104 -.061 .647 
SE_DT -.151 .089 163 -1.706 .090 -.326 .024 

dem_work_exp .014 .006 163 2.214 .028 .001 .026 
SE_SRL_global .390 .196 163 1.990 .048 .003 .778 

St_SoB_pre .627 .065 163 9.609 <.001 .498 .756 
sc_inf_collab -.170 .182 163 -.936 .350 -.529 .189 

s_dem_gender .027 .087 163 .313 .755 -.144 .199 
s_dem_ses -.001 .039 163 -.028 .978 -.078 .076 
s_dem_sen .070 .122 163 .572 .568 -.171 .310 

s_dem_migr_backgr -.627 .214 163 -2.927 .004 -1.050 -.204 
s_dem_migr_belong -.151 .268 163 -.563 .574 -.680 .378 
s_dem_lang_home -.365 .210 163 -1.738 .084 -.780 .050 

Dependent Variable: St_SoB_post (N=376, TLU, UULM, TAU) 

Parameter Estimate Std. Error df t Sig. 
95% Confidence Interval 

Lower 
Bound 

Upper 
Bound 

Intercept -1.130 .412 367 -2.745 .006 -1.939 -.320 
Trainingmethod .191 .085 367 2.258 .025 .025 .358 

DC .095 .051 367 1.840 .067 -.007 .196 
SE_DT -.090 .036 367 -2.475 .014 -.161 -.018 

sc_inf_collab -.037 .035 367 -1.041 .299 -.106 .033 
dem_work_exp .012 .003 367 3.608 <.001 .006 .019 
SE_SRL_global .095 .083 367 1.146 .253 -.068 .257 
ControlGroup .681 .312 367 2.187 .029 .069 1.294 

St_SoB_pre .854 .028 367 30.057 <.001 .798 .910 
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