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This study investigated the development of teacher self-efficacy (TSE) among 2719 German teachers over 8 years
using panel data. Piecewise multilevel growth models captured within-person change across career stages;
university-based teacher education, the induction phase, and early in-service teaching. The average TSE tra-
jectory showed a small linear decline. Entry into the induction phase was not associated with a significant change
in average TSE, whereas entry into in-service teaching was linked to a small increase. Despite modest average

changes, there was substantial variability in individuals’ TSE trajectories. While primary teachers and those with
strong intrinsic motivation to teach reported higher baseline TSE, primary teachers exhibited a sharper decline
upon entering the induction phase than teachers of other levels. Sociodemographic and personality character-
istics did not predict the within-stage rates of change. By separating TSE trajectories from changes associated
with career-stage entry, this study extends existing research on the longitudinal development of TSE.

1. Introduction

The growing demands placed on teachers make understanding how
to best support them in managing these challenges increasingly impor-
tant (Grossman et al., 2009; Schleicher, 2018). A key factor in this
context is teacher self-efficacy (TSE), defined as a teacher's beliefs about
their professional capabilities. TSE is widely acknowledged to be
essential for understanding how teachers navigate the complexities of
their profession (Klassen & Tze, 2014; Zee & Koomen, 2016). High TSE
is associated with higher-quality instruction, greater job satisfaction,
fewer burnout symptoms, and better student outcomes (Duan et al.,
2024; Holzberger et al., 2014; Jerrim et al., 2025; Zee & Koomen,
2016). For example, a systematic review by Zee and Koomen (2016)
concluded that higher teacher self-efficacy is most consistently associ-
ated with classroom organization and management and, to a somewhat
lesser extent, with instructional and emotional support. Furthermore,
Lazarides et al. (2018) found that higher teacher
classroom-management self-efficacy was associated with students' per-
ceptions of a more mastery-oriented classroom climate. Given the rele-
vance of TSE to classroom practice, exploring its development is

essential for informing and enhancing teacher education (Chao et al.,
2017; Hayes et al., 2020; Taschner et al., 2024).

TSE beliefs are considered malleable and responsive to contextual
and individual factors during the formative periods of teacher education
and early professional experience (Klassen & Durksen, 2014;
Pfitzner-Eden, 2016). These career stages are thought to be crucial in
forming the professional identity and resilience of teachers, which have
possible long-term implications for their instructional practices and
career persistence (Tschannen-Moran & Hoy, 2007).

Scholars generally agree that TSE changes during teacher training
(Pfitzner-Eden, 2016; Taschner et al., 2024). Yet little is known about
the long-term trajectories of changes in TSE or how it evolves when
teachers transition from training to teaching practice. A growing body of
literature has examined how TSE changes across university-based and
practice-based teacher training (Ma et al., 2021; Zee et al., 2016), but
studies primarily focus on mean differences between time points and
intervention effects, rather than within-person patterns of change over
longer periods (Klassen & Durksen, 2014; Rushby et al., 2025; Taschner
et al., 2024). Another methodological limitation of this research is
whether the individual items used to measure TSE consistently capture
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the same underlying constructs across different time points. While this
issue is typically addressed using the concept of measurement invari-
ance (Mackinnon et al., 2022), studies examining changes in TSE often
fail to rigorously test measurement invariance, despite its importance
(Swan et al., 2011; Woolfolk Hoy & Spero, 2005).

Research suggests that TSE is affected by the challenges of early
career teaching (Garvis et al., 2012; Zee et al., 2025), as the induction
period is characterized by a demanding transition marked by adaptation
to school environments and the formation of a professional teacher
identity (Feiman-Nemser, 2001; Voss & Kunter, 2020). Cross-sectional
studies have found associations between TSE and individual character-
istics such as gender (Calkins et al., 2024; Fackler et al., 2021; Klassen &
Chiu, 2010), motivational orientation (Bilim, 2014; Calkins et al., 2024;
Thornberg et al., 2025), and personality factors (Franz et al., 2022;
Senler & Sungur-Vural, 2013; Wang & Shen, 2022). However, the extent
to which these factors predict changes in TSE over time remains unclear,
as they have received limited attention in longitudinal studies. This is
particularly relevant because self-efficacy is not merely a direct result of
experiences but is rather shaped by an individual's interpretation and
integration of efficacy-relevant information from diverse sources
(Morris et al., 2017).

This study aimed to address these gaps by investigating the long-term
development of TSE across teacher education phases in Germany over an
eight-year period. Specifically, we examined the differences in TSE
trajectories across early career stages and the effects of time-invariant
predictors of TSE variability on both the starting point of TSE and its
growth. By comparing TSE trajectories across teacher career stages, this
study explored changes in the context for developing self-efficacy as
teachers progress from initial training to full-time practice (Morris et al.,
2017). This provides a dynamic perspective of TSE development during
critical transitions, offering insights that may have implications for
teacher education.

2. Theoretical framework
2.1. Socialization into the teaching profession

Socialization into the teaching profession can be conceptualized
within the framework of Organizational Socialization Theory (OST;
Bauer & Erdogan, 2011; Richter et al., 2022), which emphasizes how
individuals are gradually integrated into the profession's norms, roles,
and practices. In the teacher education context, this process occurs
through university-based training, practicum experiences, and the early
years of teaching, often referred to as the induction phase
(Feiman-Nemser, 2001). This transition varies by country and depends
on national training systems. In Germany, a university-based teacher
education program (TEP) is followed by a structured induction phase,
during which novice teachers participate in complementary seminars
and gradually assume teaching responsibilities under supervision (Voss
& Kunter, 2020). In contrast, systems such as that in the United States
involve entry into full professional responsibility directly after univer-
sity training (OECD, 2005). Regardless of the specific pathway, beginner
teachers must simultaneously expand their pedagogical skills, adapt to
institutional norms, and develop a professional identity (Tynjala &
Heikkinen, 2011). The early years in a teacher's career are commonly
characterized as a highly demanding phase of professional socialization
(Fantilli & McDougall, 2009; Richter et al., 2013), which may vary by
school type, given that various organizational environments differ in
terms of student characteristics, curricular complexity, and instructional
goals (Klassen & Chiu, 2010; Kraft & Papay, 2014).

OST posits that socialization processes are critical for the develop-
ment of adaptive professional beliefs, such as TSE. In this context, self-
efficacy is a key mechanism linking socialization experiences to out-
comes such as job satisfaction, instructional effectiveness, and retention
(Bauer & Erdogan, 2011; Klassen & Chiu, 2010). Klassen and Chiu
(2010) argue that TSE is dynamic rather than fixed, reflecting a
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lifelong developmental process that fluctuates according to personal
characteristics and individuals’ interpretations of their environments
and circumstances.

2.2. Theoretical foundations and sources of teacher self-efficacy

TSE is defined as teachers’ beliefs in their ability to effectively
execute teaching tasks and manage professional challenges in specific
contexts (Skaalvik & Skaalvik, 2007; Tschannen-Moran & Hoy, 2001).
Bandura (1977, 1997) proposed that self-efficacy beliefs have four
sources: mastery experiences, vicarious experiences, social persuasion,
and physiological and emotional states. The influence of these sources
on self-efficacy beliefs is considered indirect and dependent on cognitive
processes that shape the perception, interpretation, and integration of
efficacy-related information (Morris et al., 2017).

While TSE sources are accessible across all career stages, their rela-
tive importance varies (Pfitzner-Eden, 2016; Taschner et al., 2024).
Mastery experiences—individuals’ interpretations of their own
accomplishments—are considered the most important source of
self-efficacy (Bandura, 1997). In teacher education, these experiences
arise from various scenarios, including practicum settings as part of
pre-service training, mentor-supported teaching in the induction phase,
and routine classroom practice during the in-service phase, all of which
have exhibited consistent effects on TSE at every career stage (Palmer,
2011; Pfitzner-Eden, 2016; Tschannen-Moran & McMaster, 2009).
Vicarious experiences are obtained by analyzing videotaped teaching
and observing experienced teachers operating in real-life situations, and
are important for forming TSE beliefs during the initial training and
induction phases. These experiences help trainee teachers develop
confidence and competence in facing unfamiliar tasks
(Grammatikopoulos et al., 2013; Thiel et al., 2023; Van der Scheer &
Visscher, 2016). In-service teachers may also benefit from vicarious
experiences through team teaching and professional development
(Mather & Visone, 2024; Mintzes et al., 2013). All career stages feature
social persuasion, which manifests as feedback and encouragement
provided by mentors and teacher educators (Pfitzner-Eden, 2016; Prilop
et al., 2021; Richter et al., 2013; Weber et al., 2019) and during dis-
cussions and collaborations with colleagues (Hoogendijk et al., 2018;
Palmer, 2011; Smith et al., 2020). Additionally, physiological and
emotional states, such as practicum anxiety or teaching stress, provide
internal cues about one's capabilities throughout all career stages (Bach
& Hagenauer, 2022; Buric¢ et al., 2020; Klassen & Durksen, 2014).

Research suggests that pre-service teachers benefit from vicarious
experiences and social persuasion because they lack extensive mastery
experiences, whereas in-service teachers tend to rely on their accumu-
lated mastery experiences and the emotional regulation strategies they
have developed through their ongoing practice (Pfitzner-Eden, 2016).
Consequently, TSE trajectories may vary across career stages due to
differential access to sources of self-efficacy (Klassen & Chiu, 2010;
Pfitzner-Eden, 2016).

2.3. Changes in TSE at different career stages

2.3.1. Teacher education program at the university

Initial teacher education at university represents a formative phase
during which pre-service teachers begin to construct their TSE beliefs.
They typically have limited experience with the practical demands of
classroom teaching during this period, and therefore an incomplete
understanding of the profession's complexities (Tschannen-Moran &
Hoy, 2001; Voss & Kunter, 2020; Woolfolk Hoy & Spero, 2005). At
this early stage, pre-service teachers' TSE is primarily sourced from
vicarious experiences (e.g., observing experienced teachers) and social
persuasion (e.g., coaching and supervisor feedback), with limited op-
portunities to gain mastery experiences through teaching (Knoblauch &
Chase, 2015; Martins et al., 2015; Pfitzner-Eden, 2016).

Research consistently demonstrates that, during university teacher
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education, TSE increases through engaging in teaching experience
during practical (Berg & Smith, 2018; Klassen & Durksen, 2014;
Pfitzner-Eden, 2016), microteaching (Hufpner et al., 2022, 2023),
coaching (Weber et al., 2019), and observing and analyzing video les-
sons (Gold et al., 2017; Schlosser & Paetsch, 2023; Thiel et al., 2023).
Practicum experiences, as part of the university teacher education cur-
riculum, strengthen TSE, with effect sizes ranging from d = 0.20 to
d = 0.66 for areas such as classroom management, instructional strate-
gies, and student engagement (Berg & Smith, 2018; Pfitzner-Eden,
2016). Klassen and Durksen (2014), using a longitudinal design with
weekly assessments, observed a significant upward linear trajectory in
TSE over a nine-week practicum, with a mean slope coefficient of 0.24 (i.
e., rate of change). Practica were particularly effective when students
had already experienced microteaching during a seminar (Hufner et al.,
2022, 2023) or had received coaching through a mixture of face-to-face
and video-based reflection and feedback (Weber et al., 2019). Other
studies have also reported changes in TSE following teacher education
students’ observation of video lessons and subsequent reflection,
showing medium effect sizes (Gold et al., 2017; Schlosser & Paetsch,
2023; Thiel et al., 2023).

2.3.2. The induction phase and early career teaching

The teacher induction phase encompasses the transition from teacher
education to professional practice as well as the initial years of teaching,
during which novice teachers encounter a range of significant challenges
(Fantilli & McDougall, 2009). The development of TSE is particularly
change-sensitive during this phase (Klassen & Chiu, 2010; Woolfolk Hoy
& Spero, 2005), as beginner teachers encounter the full spectrum of
professional demands for the first time while receiving reduced men-
toring support relative to that provided during their previous practicum
experiences (Dicke et al., 2015; Ingersoll & Strong, 2011). This period
also coincides with a critical phase of professional socialization, as
teacher candidates enter the practical context of schools to be con-
fronted by organizational norms and values that often differ from those
emphasized during their university training (Hoy & Woolfolk, 1990).
The ideals promoted during teacher education may, in fact, conflict with
experienced teachers' established practices and expectations, creating
tensions that shape novices’ self-efficacy (Hoy & Woolfolk, 1990).

The transition from a TEP to the induction phase is often described as
a “reality shock” (Dicke et al., 2015; Voss & Kunter, 2020). Tynjala and
Heikkinen (2011) highlight that the gradual development of profes-
sional competence means that early career teachers initially become
increasingly aware of their limitations, which may undermine
self-efficacy. A study by Dicke et al. (2015) reported that pre-service
teachers' classroom management TSE declines (My = 4.26;
M, = 3.81; M3 = 3.95) when they first encounter the full range of
professional demands alongside reduced mentoring support and have
not attended any additional -classroom management courses.
Conversely, other studies found that pre-service teachers exhibit
significantly higher average TSE after completing preparatory service
than before the preparatory phase, with medium to large effect sizes
(d = 0.6 to d = 1.9) that vary among TSE domains (Bacon, 2020;
Woolfolk Hoy & Spero, 2005). Furthermore, Richter et al. (2013) found
that beginner teachers’ TSE developed differently depending on men-
toring style, with significant gains when mentors adopted a
constructivist-oriented approach.

2.3.3. The in-service phase

The transition from supervised induction to autonomous in-service
practice involves the full assumption of professional roles and re-
sponsibilities. Theoretically, this transition is less likely to produce a
sharp downward shift in TSE than entry into induction, as novice
teachers have already navigated the initial phase of becoming more
aware of their limitations and, in parallel, have accumulated mastery
experiences and established classroom routines during induction. The
loss of structured supervisory support and the assumption of full
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instructional and assessment responsibility may nevertheless lead to a
temporary decline in TSE during the first months of in-service teaching
(Hartl & Holzberger, 2022; Voss & Kunter, 2020), potentially followed
by recovery as teachers consolidate their routines (Swan et al., 2011;
Woolfolk Hoy & Spero, 2005).

Empirical research has produced mixed findings regarding the
development of TSE during the in-service phase. Cross-sectional
research investigating the relationship between teaching experience
and TSE suggests a curvilinear pattern, finding that TSE increases up to
23 years of experience, then declines steadily (Klassen & Chiu, 2010).
Longitudinal studies have also provided inconsistent evidence regarding
changes in TSE during this phase. While some research demonstrates
that the average TSE of early career teachers increases over a five-year
period (George et al., 2018), some studies report a significant decline
during the first years of teaching (Hartl & Holzberger, 2022), followed
by recovery in subsequent years (Swan et al., 2011; Woolfolk Hoy &
Spero, 2005). Other research suggests that TSE tends to stabilize dur-
ing later career stages. Kiinsting et al. (2016) investigated changes in
TSE by initially surveying teachers 4-6 years after obtaining their first
teaching degree and once again 7 years later, and observed no signifi-
cant latent or manifest changes in TSE during this period. This stability is
further supported by a high bivariate latent factor correlation (r = 0.66)
and a strong path coefficient (B = 0.73) between the measurement
points. Another study of experienced teachers in inclusive education
revealed stable average TSE over three years across five measurement
points, with strong correlations between the measurement points that
ranged from 0.44 to 0.81 (Savolainen et al., 2022).

2.4. Teacher characteristics associated with TSE

Self-efficacy reflects an individual's processing and interpretation of
efficacy-relevant information (Morris et al., 2017). Klassen and Chiu
(2010) suggest that teacher characteristics are associated with TSE
directly and indirectly through teachers' professional experience.
Time-varying characteristics (e.g., occupational stress, workload, and
perceived collegial and administrative support) can alter the cognitive
appraisal of TSE sources, thereby shaping TSE formation and mainte-
nance (Klassen & Chiu, 2010; Klusmann et al., 2008;Skaalvik &
Skaalvik, 2007). Beyond these dynamic influences, time-invariant
teacher characteristics (e.g., gender, personality) represent stable indi-
vidual differences that systematically shape how teachers process and
weigh efficacy-relevant information across all their professional expe-
riences (Bandura, 1997; Klassen & Chiu, 2010). The present study fo-
cuses on these time-invariant characteristics, as they may affect teachers'
interpretation of subsequent experiences and their integration into ef-
ficacy beliefs (Watt & Richardson, 2007) and are robustly linked not
only to TSE but also to other consequential teaching outcomes, including
instructional quality and classroom management ((Buri¢ & Kim, 2020;
Klusmann et al., 2008). Furthermore, analyzing the association between
stable individual characteristics and TSE development helps to clarify
the possibility of anticipating, early in a teacher's career, whether they
may benefit from targeted support during later career transitions.

The existing evidence on gender differences in TSE is mixed, with
some studies indicating higher self-efficacy among male teachers
(Calkins et al., 2024; Fackler & Malmberg, 2016; Skaalvik & Skaalvik,
2016) and others observing no effect of gender on TSE
(Tschannen-Moran & Hoy, 2007; Zizhan & Rafols, 2024).

Prior research has demonstrated that career motivation is a predictor
of TSE: intrinsic motivation (e.g., personal fulfillment, helping students)
is positively associated with TSE, whereas extrinsic motivation (e.g., job
security, salary) is not (Bilim, 2014; Calkins et al., 2024; Thornberg
et al., 2025). Only the extrinsic motive of choosing teaching as a fall-
back career has been found to be negatively related to TSE (Bilim, 2014).
Although motivation to pursue a teaching career may evolve throughout
teacher education and the early career in response to changing contex-
tual experiences (Ryan & Deci, 2020), the present study focuses
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specifically on motivation at the time of career choice, examining
whether these initial career motives are associated with subsequent TSE
development across early career stages.

Research has consistently reported correlations between TSE and the
Big Five personality traits (Djigic et al., 2014; Senler & Sungur-Vural,
2013). Extraversion, conscientiousness, and agreeableness are posi-
tively associated with TSE, while openness is negatively associated
(Djigic et al., 2014; Senler & Sungur-Vural, 2013; Wang & Shen, 2022).
Studies have produced inconsistent results on the relationship between
TSE and neuroticism, with some identifying a negative correlation
(Djigi¢ et al., 2014; Franz et al., 2022) and others finding no significant
association (Senler & Sungur-Vural, 2013).

In studies examining the educational context, primary teachers
report higher TSE than secondary teachers (Klassen & Chiu, 2010;
Wolters & Daugherty, 2007). However, domain-specific analyses indi-
cate that secondary teachers may have higher content-specific TSE,
whereas primary teachers exhibit stronger TSE for student engagement
(Ryan et al, 2015). Beyond these group-level differences, a
cross-national TALIS analysis of 23 countries revealed that teachers
accounted for 87 % of the variance in TSE, schools for 4 %, and countries
for 8 %((Vieluf et al., 2013), indicating a small but meaningful contri-
bution of organizational and cultural contexts.

3. The present study

While existing evidence on the developmental trajectory of TSE
across teaching career stages is limited by methodological constraints
and study design variability, previous research has identified certain
trends that inform the present investigation. Prior studies suggest that
TSE increases during teacher education (Pfitzner-Eden, 2016), then
temporarily declines during the induction phase before rising toward the
end of it for an overall increase, followed by a subsequent decrease after
the first year of teaching (Bacon, 2020; Voss & Kunter, 2020; Woolfolk
Hoy & Spero, 2005). Studies have reported that TSE tends to increase
again during the early in-service years, before potentially stabilizing or
declining in the later career stages (Klassen & Chiu, 2010; Savolainen
et al., 2022).

A key limitation of most longitudinal studies in this field is their
reliance on only two or three measurement points, typically involving
comparisons of TSE mean values rather than modeling trajectories of
within-person change (Bach & Hagenauer, 2022; Swan et al., 2011;
Woolfolk Hoy & Spero, 2005). Understanding of the intra-individual
patterns of change and inter-individual variability of TSE trajectories
therefore remains limited. Furthermore, existing research has predom-
inantly examined TSE changes within isolated career stages (George
et al., 2018; Pfitzner-Eden, 2016), leaving a research gap regarding
the developmental differences between career phases (Rushby et al.,
2025; Zee et al., 2016).

This study addressed these gaps by using longitudinal data from the
German National Education Panel Study (NEPS) to assess TSE devel-
opment over 8 years, spanning multiple career stages. This approach
enabled the examination of long-term developmental patterns while
ensuring sufficient statistical power to detect small changes, given the
large sample size. The repeated measurement structure also enabled the
analysis of phase-specific trajectories and transition-related shifts in
levels, providing a more nuanced understanding of TSE development
across different stages of teacher education and professional practice. To
overcome the analytical limitations of prior studies, we tested for
measurement invariance across measurement points and employed
multilevel modeling to estimate developmental trajectories based on
within-person changes.

Drawing on the reviewed literature, this study addresses the
following two research questions: First, how does TSE change within and
across different career stages of teacher education in Germany?
Consistent with previous research (e.g., Dicke et al., 2015; Klassen &
Chiu, 2010; Pfitzner-Eden, 2016; Swan et al., 2011; Woolfolk Hoy &
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Spero, 2005), we expected TSE to increase during university teacher
education (Hla), but anticipated a curvilinear pattern during the
in-service phase, with an initial decline followed by an increase (H1b).
Furthermore, we expected a negative level shift in TSE during the
transition from the TEP to the induction phase (H2a) and from the in-
duction phase to the in-service phase (H2b).

Given that the induction phase varies from 12 to 24 months and
NEPS participants are primarily surveyed once annually, only a limited
number of participants have multiple observations during the induction
phase. This meant that the within-stage changes during the induction
phase could not be investigated.

Second, to what extent are individual teacher characteristics, such as
gender, school type, personality, and initial teaching motivation, asso-
ciated with within-stage and between-stage changes in TSE? Consistent
with prior research, which found that female teachers and those working
in primary education report higher TSE than their male and secondary
school counterparts (Calkins et al., 2024; Fackler & Malmberg, 2016),
we expected a positive effect of female (H3) and primary school (H4) on
within-stage slopes and transition-related level shifts. Furthermore,
consistent with previous findings (Bilim, 2014; Calkins et al., 2024;
Thornberg et al., 2025), we hypothesized (H5) that there would be a
positive association between student teachers’ intrinsic motivation for
choosing teaching as a career and within- and between-stage changes in
TSE. Finally, drawing on research linking personality traits to TSE
(Djigi¢ et al., 2014; Senler & Sungur-Vural, 2013), we presumed that
extraversion, conscientiousness, and agreeableness would be positively
associated with within-stage and between-stage changes in TSE (H6),
and neuroticism and openness to new experiences (H7) would be
negatively related.

4. Data and methods
4.1. Data and sample

We utilized data from the NEPS student cohort in Germany, which
represents a nationwide sample of first-year students who began their
study program in the winter term of 2010/11 (Blossfeld & Rofbach,
2019; NEPS Network, 2024). This dataset contained an oversample of
teacher education students (Schaeper et al., 2023), and TSE was
measured annually from 2015 to 2022, resulting in eight measurement
points. Information about participants’ career stages was collected
concurrently with TSE measurements during annual telephone in-
terviews. Missing data on educational and occupational pathways were
collected retrospectively from the participants.

The analytical sample was derived using a stepwise filtering process
that refined the data from the initial 5821 teacher education students.
We included only individuals with career stage information and TSE
measurements during the observation period, excluding those still
enrolled in university training at the final measurement point and those
already teaching at baseline. We also excluded cases with implausible
transitions, such as moving from the induction phase back into the TEP.
The final analytical sample comprised 2719 pre-service teachers and
12123 observations.

Participants’ average age at the start of their studies in October 2010
was 20 years old (SD = 2.7), ranging from 17 to 57 years old. Of the
participants, approximately 75 % were female, and 5 % were not born in
Germany. All teacher types were represented in the sample; 12.5 % were
primary teachers, 15.5 % lower secondary teachers, 59.8 % upper sec-
ondary teachers, 4.3 % vocational school teachers, 7.8 % special school
teachers, and 0.5 % without differentiation or missing values.

4.2. Analytical strategy
To ensure the comparability of the latent construct of TSE across

time, we tested for longitudinal measurement invariance using estab-
lished procedures (Chen, 2007). We estimated a series of increasingly
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restrictive confirmatory factor analysis (CFA) models, and model fit was
assessed using standard criteria, including changes in comparative fit
index (CFI; ACFI <0.010) and root mean square error of approximation
(RMSEA; ARMSEA <0.015; Chen, 2007). If full scalar invariance was not
supported, partial invariance was established by releasing the con-
straints on the parameters that contributed most to the misfit, as indi-
cated by the modification indices.

We employed multilevel modeling (MLM) to estimate TSE trajec-
tories across career stages, accounting for the longitudinal panel data
structure with multiple repeated measures nested within each individual
(Snijders & Bosker, 2012). MLM is particularly suitable for analyzing our
data because it accommodates unbalanced designs in which participants
contribute different numbers of observations across measurement points
(Hox, 2010). Time was coded as a wave index ranging from 0 (baseline)
to 7 (final wave), with each unit corresponding to approximately one
calendar year, allowing time-related coefficients to be interpreted per
wave.

We followed a fully nested five-step model build-up, with each step
adding a single component, enabling comparisons to be evaluated using
likelihood ratio tests (LRTs). The unconditional means model (MO),
which included only a random intercept, was used to partition the
variance of TSE into between- and within-person components and to
compute the intraclass correlation coefficient (ICC; Singer & Willett,
2003). We subsequently added a fixed linear effect of time while
retaining the random-intercept structure (M1), testing whether average
TSE changes linearly across the 8-year period. We then introduced a
random slope on time that allows trajectories to vary across teachers
(M2), testing whether teachers differ systematically in their rate of TSE
change. In M3, a piecewise structure was introduced by adding two
level-shift indicators that capture discontinuities at career stage transi-
tions from TEP into the induction phase and from the induction phase
into the in-service phase (Singer & Willett, 2003). Then, a
post-transition slope was included at each individual's actual transition
point into the in-service phase (M4) by adding a person-specific variable
that tracks the time since entry into in-service teaching (Flora, 2008;
Sterba, 2014), allowing the in-service slope to differ from the TEP slope.
It was not possible to model a post-transition slope for the induction
phase because participants contributed an average of only 1.5 obser-
vations during this stage (47.6 % contributed a single observation). To
assess curvilinear development during the in-service phase, we also
estimated M4b, which added a quadratic term for time since in-service
entry. The random-effects structure from M2 was carried forward
throughout. The fixed effect for the post-transition slope captures the
average within-stage trajectory after entry into in-service teaching and
was estimated from the subsample of teachers observed in this phase. A
random slope for this parameter was not included because approxi-
mately 42 % of participants did not participate in in-service teaching
during the observation period, leaving no post-transition observations
for deriving person-specific deviations from the average trajectory.

Model comparison was performed using pairwise LRTs between
consecutive nested models, supplemented by Akaike (AIC) and Bayesian
(BIC) information criteria (Hox, 2010). Maximum likelihood estimation
(ML) was used for model comparison, and restricted maximum likeli-
hood was used to obtain less biased variance component estimates (Hox,
2010). Significance tests for fixed effects used Satterthwaite-corrected
degrees of freedom.

We then extended the preferred piecewise model to include time-
invariant individual-difference predictors of the TSE intercept and the
trajectory components. Separate models were estimated on the multiply
imputed data: a gender model (M5), a teacher-type model (M6), a
motivation model (M7), and a personality model (M8). Each predictor or
set of predictors was incorporated with main effects on the intercept, the
TEP slope, and the level shifts at induction and in-service entry. No in-
teractions with a within-induction slope were estimated, as the induc-
tion phase was parameterized as a level shift rather than as a slope. All
continuous predictors were standardized using grand means computed

Teaching and Teacher Education 181 (2026) 105730

from the observed data, ensuring that the same scaling parameters were
applied across all imputed datasets to maintain the comparability of
pooled estimates.

4.3. Missing data

Table 1 shows the distribution of completed waves per participant,
indicating that more than half of the participants had at least four valid
TSE measurements. Diagnostic analyses supported the assumption that
the data were missing at random (MAR). We evaluated the missingness
mechanism in several ways. First, logistic regression models predicting
the probability of being missing at the next wave from variables
observed at the current wave (TSE score, age, gender, career stage,
personality, and motivation) identified several significant predictors of
attrition, indicating that missingness was systematically related to
observed information and was therefore inconsistent with a missing-
completely-at-random (MCAR) mechanism. Consistent with this
finding, Little's MCAR test of the TSE factor scores across waves rejected
the null hypothesis of MCAR. These results justify the use of full infor-
mation maximum likelihood (FIML) and multiple imputation, both of
which yield unbiased estimates under MAR (Enders, 2010).

A complementary attrition analysis showed that stayers (observed at
the final wave; n = 991) and earlier leavers (n = 1728) did not differ in
baseline TSE (t(2263) = —0.05, p = .964, d < 0.01) or in their overall
rate of change (person-specificslopes, p = .685; leaver x time interac-
tion, p = .332). Leavers were somewhat more likely to be primary or
lower-secondary teachers and to have a migration background, although
these associations were weak (Cramér's V < 0.09). The only trajectory
component related to attrition was a somewhat more negative
induction-entry shift among leavers (see Section 5.3), plausibly reflect-
ing their overrepresentation among primary teachers. Attrition was
therefore unrelated to baseline TSE or overall rates of change. The
remaining associations, although statistically detectable given the large
sample, were small and involved covariates already included in our
analysis and imputation models. This pattern is consistent with a
missing-at-random mechanism and supports the use of FIML and mul-
tiple imputation, although the estimated change associated with entry
into the induction phase should be interpreted with some caution.

We used FIML for all CFA and measurement invariance models. We
generated 20 imputed datasets for the multilevel growth models that
included the time-invariant predictors using multiple imputation by
chained equations with multilevel predictive mean matching (van
Buuren & Groothuis-Oudshoorn, 2011; White et al., 2011). The impu-
tation model included all substantive analysis variables (including
career stage, the TSE outcome, demographics, personality, and moti-
vation scales) as predictors, clustered by individuals and conforming to
the recommended practice of including all analysis-model variables in
the imputation model (Enders, 2010). Imputation convergence was
assessed using trace plots and density comparisons of the observed
versus imputed distributions. The results from the 20 imputed datasets
were pooled using Rubin's rules (Rubin, 1987).

Table 1

Number of completed waves per participant.
Number of valid measurement points N (persons) Proportion
1 423 15.6 %
2 430 15.8 %
3 314 11.5%
4 246 9%
5 202 7.4 %
6 277 10.2 %
7 374 13.8%
8 453 16.7 %




S. Franz and J. Paetsch
4.4. Software

All analyses were conducted in R (R Core Team, 2025) using the
following packages: lavaan (Rosseel, 2012) for measurement-invariance
analyses, lme4 (Bates et al., 2015) and ImerTest (Kuznetsova et al., 2017)
for multilevel growth models, mice (van Buuren &
Groothuis-Oudshoorn, 2011) for multiple imputation, and ggplot2
(Wickham et al., 2016) for visualization.

4.5. Measurement

4.5.1. Teacher self-efficacy

General TSE was assessed using the German instrument developed by
Schwarzer and Schmitz (1999). This scale comprises 10 items rated on a
four-point Likert scale (see Ortenburger et al., 2023, for item formula-
tion). A CFA was performed to evaluate the one-factor model. The first
measurement model included all items, and no further restrictions
showed an acceptable fit to the data (Xz(df) = 1754.606 (35);
CFI = 0.905; RMSEA = 0.06; SRMR = 0.035). However, the CFI value
falls under the established threshold of 0.95; we therefore excluded one
item (tg68007, “Even if I am very committed to the development of my
students, I know that I cannot achieve very much”) from the measure-
ment model based on modification indices. Furthermore, to improve the
model fit, error covariances were permitted between items tg68008 and
tg68009, as well as between tg68005 and tg68006. Both item pairs show
conceptual similarities, as tg68008 and tg68009 both refer to imple-
menting innovations, and tg68005 and tg68006 both refer to adapting
lessons to challenging circumstances. The final model showed a good
model fit (X2(dﬂ = 612.61 (33); CFI = 0.964; RMSEA = 0.038;
SRMR = 0.022). TSE demonstrated acceptable internal consistency
across all measurement points (Cronbach's a = .74; McDonald's
Q =0.78).

We tested the measurement invariance of TSE to ensure that we had
captured the same underlying constructs across different time points.
The fit indices are presented in Table 2.

Metric invariance was confirmed, as differences in CFI and RMSEA
appeared to be small within the proposed thresholds (ACFI = —0.002;
ARMSEA = —0.003). However, the changes in RMSEA
(ARMSEA = 0.011) and CFI (ACFI = —0.047) suggested that scalar
measurement invariance was not achieved. Based on the modification
indices, we relaxed the equal-intercepts constraint for some items
(tg68001, tg68002, and tg68004) and estimated a partial scalar mea-
surement model. Consequently, the alterations in RMSEA
(ARMSEA = 0.004) and CFI (ACFI = —0.013) were substantially
diminished, although ACFI remained above the 0.01 threshold. Factor
scores for the longitudinal analyses were extracted from the partial
scalar model using regression, ensuring that the TSE composite reflected
a measurement-invariant latent construct. Because full scalar invariance
was not achieved, observed mean-level changes in TSE may partly
reflect item-specific measurement non-equivalence (Robitzsch &
Liidtke, 2023); longitudinal trajectories should therefore be inter-
preted with appropriate caution.

4.5.2. Time-invariant variables

We assessed personality traits using a condensed version of the BFI-
10 (Rammstedt & John, 2007). We measured four of the Big Five
dimensions—openness to experience, neuroticism, conscientiousness,
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and extraversion—using two items for each, and assessed agreeableness
using three items (Wohlkinger et al., 2011). Data collection using the
BFI-10 began in the third wave, approximately 18 months after partic-
ipants had commenced their university studies.

Reliability assessment using the Spearman-Brown coefficient
revealed low to moderate values across the dimensions (openness:
r = 0.37; neuroticism: r = 0.39; conscientiousness: r = 0.42; extraver-
sion: r = 0.61). The agreeableness construct demonstrated questionable
internal consistency (Cronbach's @ = .31; McDonald's Q = 0.35) and was
consequently excluded from the analysis. Previous studies have shown
that, while this shortened scale for personality dimensions exhibits poor
to modest internal consistency, it demonstrates strong convergent val-
idity (Rammstedt & John, 2007).

To assess participants' initial motivation for pursuing teacher edu-
cation, we used a shortened version of the Factors Influencing the Choice
of Teaching as a Career (FEMOLA) scale, which was administered in the
eighth wave, more than 4 years after the study had started (Pohlmann &
Moller, 2010). This instrument comprises several subdimensions.
Intrinsic motivation is captured by the subdimensions pedagogical in-
terest (Cronbach's a = .76; McDonald's Q = 0.77), subject interest
(Cronbach's a = .71; McDonald's Q@ = 0.73), and ability-related beliefs
(Cronbach's o = .49; McDonald's Q = 0.50). Extrinsic motivation is
represented by financial utility (Cronbach's a = .86; McDonald's
Q = 0.86), time utility (Cronbach's « = .78; McDonald's Q = 0.80), social
influences (Cronbach's o = .69; McDonald's Q = 0.72), and perceived
study demands (Cronbach's o = .72; McDonald's Q = 0.74). Each
dimension was assessed using three items rated on a 4-point Likert scale.
Ability-related beliefs were excluded from subsequent analyses due to a
low reliability coefficient.

5. Results
5.1. Descriptive statistics

The means and number of observations of TSE scores across the
different measurement points and career stages are displayed in Fig. 1.
Sample sizes varied considerably across years and career stages because
participants either failed to answer the questions about TSE (item non-
response), did not participate in the respective survey wave (unit non-
response), or dropped out of the panel study (panel dropout/attrition).

During the TEP stage, the largest sample was observed in 2015
(n = 2584), and the smallest in 2020 (n = 55). The induction phase had
the largest sample in 2017 (n = 1006), whereas no participants were
included in 2015 due to sample restrictions. The in-service phase
demonstrated sample sizes ranging from 215 participants in 2016 to
1369 participants in 2020.

The TSE was scaled to a mean of zero across all measurement points
and participants. During the teachers’ education, the mean TSE values
ranged from —0.3 (2016) to 0.17 (2015). In the induction phase, the
mean values ranged from —0.28 (2016) to 0.14 (2017). For in-service
teachers, means ranged from —0.13 (2022) to 0.18 (2017).

Table 3 presents the descriptive statistics and reliability coefficients
for the time-invariant covariates measured in this study. Conscien-
tiousness had the highest mean value (M = 3.30, SD = 0.50) and
neuroticism the lowest (M = 2.81, SD = 0.52), with approximately
10.5 % missing values due to unit non-response. For intrinsic motiva-
tion, pedagogical interest exceeded (M = 3.36, SD = 0.57) subject

Table 2

Test for measurement invariance.
Model x? (df) CFI RMSEA SRMR Vs sz (df) p-value ACFI ARMSEA ASRMR
M1: Configural 968 (264) 0.956 0.042 0.028 — — — — — —
M2: Metric 1067 (327) 0.954 0.039 0.033 M1 99 (63) 0.003 —0.002 —0.003 0.005
M3: Scalar 1878 (390) 0.907 0.05 0.044 M2 811 (63) <0.001 —0.047 0.011 0.011
M3a: Partial Scalar 1379 (369) 0.937 0.043 0.038 M2 313 (42) <0.001 —0.017 0.004 0.005
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Fig. 1. Observed TSE means and observed observations by career stage and year.

Table 3
Descriptives and reliability coefficients of time-invariant variables.
Items M SD Min Max Proportion of missing values (persons) o Q r

Personality Traits (Big Five)
Extraversion 2 3.20 0.39 2 5 10.5% — — 0.61
Openness 2 3.16 0.6 1 5 10.5 % — — 0.36
Conscientiousness 2 3.30 0.5 1.5 5 10.5 % — — 0.42
Neuroticism 2 2.81 0.52 1 5 10.5 % — — 0.39
Intrinsic Motivation
Pedagogical interest 3 3.36 0.57 1 4 31.6 % 0.76 0.77 —
Subject interest 3 3.07 0.64 1 4 31.6 % 0.71 0.73 —
Extrinsic Motivation
Financial utility 3 2.83 0.73 1 4 31.6 % 0.86 0.86 —
Time utility 3 2.83 0.72 1 4 31.6 % 0.78 0.80 —
Social influences 3 1.86 0.70 1 4 31.6 % 0.69 0.72 —
Study demands 3 1.41 0.52 1 4 31.6 % 0.72 0.74 —

Note. o = Cronbach's Alpha; Q = McDonald's Omega; r = Spearman-Brown coefficient.

interest (M = 3.07, SD = 0.64). Among the extrinsic motivation factors,
financial (M = 2.83, SD = 0.73) and time utility (M = 2.83, SD = 0.70)
were around the theoretical mean, whereas social influences (M = 1.86,
SD = 0.70) and study demands (M = 1.41, SD = 0.52) had the lowest
means. Approximately 31.6 % of the sample had missing values for all

motivation measurements.

5.2. TSE trajectories

To systematically evaluate the changes in TSE over time, we
compared six nested growth models of increasing complexity: an un-
conditional model (M0), a linear growth model with random intercept
(M1), a linear growth model with random intercept and random slope

Table 4

Model comparison for piecewise growth models.
Model Npar AIC BIC logLik Ay? df p vs
MO: Null 4 30,214 30,236 —15,104 — — —
M1: Linear time + random intercept 5 30,213 30,243 —15,103 2.34 1 0.126 MO
M2: + random slope 7 30,057 30,102 —15,023 159.84 2 <0.001 M1
M3: + level shifts 9 30,047 30,107 —15,016 13.91 2 <0.001 M2
M4a: + linear in-service slope 10 30,048 30,115 —15,015 1.41 1 0.235 M3
M4b: + quadratic in-service slope 11 30,049 30,123 —15,015 2.27 2 0.321 M3

Note. Npar = number of estimated parameters. All models estimated with ML (REML = FALSE). Ay? and p values from pairwise comparisons between nested models
(reference model in ‘vs’ column). M4a/M4b represent two alternative piecewise parameterizations branching from M3.
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(M2), a linear growth model with random intercept and random slope
and level shift for entry into the induction and in-service phases (M3), a
piecewise growth model adding a linear in-service slope (M4a) and, a
piecewise growth adding a quadratic in-service slope (M4b). Table 4
presents the model fit statistics for each functional form, and Table 5
lists the coefficients and ICC.

The unconditional model (MO) served as the baseline. The random
effects showed that approximately 52.5 % of the variance in TSE scores
could be attributed to between-person differences (ICC = 0.525), with
the remaining 47.5 % attributable to within-person variation over time.
This relatively high ICC indicates substantial individual differences in
TSE trajectories and suggests considerable within-person changes over
time, supporting the application of MLM.

A simple linear time trend with a random intercept (M1) did not
improve model fit compared to the null model (sz(l) =2.34,p=.126),
indicating that TSE did not follow a uniform monotonic trajectory over
the 8-year period. However, allowing slopes to vary randomly across
teachers (M2) substantially improved model fit (AX2(2) = 159.84,
p < .001), suggesting that a flat average trajectory masks considerable
between-person variation rather than reflecting true stability. We
therefore retained the random-slope specification for all subsequent
models. The variance of individual slopes (t11) translated into a standard
deviation of approximately 0.09 per wave, indicating that roughly 95 %
of teachers' slopes fell within +0.18 SD per wave around the (near-zero)
population average.

Introducing level shifts and the transition into the induction and in-
service phases (M3) improved model fit compared to M2
(AX2(2) = 13.91, p < .001). Yet, neither piecewise models with linear
slope (M4a; AXZ(I) = 1.41, p = .235) nor the quadratic slope (M4b;
Ay%(2) = 2.27, p = .321) during the in-service phase showed an
improvement in model fit compared to the model with only level shifts
(M3). This indicates that career-stage transitions produce level shifts in
TSE but do not introduce phase-specific slopes; the linear time trend
describes within-stage change equally well across all three career pha-
ses. We therefore retained M3.

Parameter estimates for M3 are reported in Table 5 and translated
into cumulative changes across each career phase. Fig. 2 provides a
graphical representation of the results. Because TSE was standardized
(M = 0, SD = 1), coefficients are directly interpretable as SD units. The
intercept at baseline did not differ from the grand mean (B = 0.019,
SE = 0.018, p = .282). The TEP slope was small but significant
(B = —0.020, SE = 0.018, p < .001), corresponding to a cumulative
change of only approximately —0.06 SD across the three waves most
participants spent in TEP. Contrary to Hla, TSE declined significanly
over time rathern than increasing whereas the model comparison also
does not support H1b.

The induction-phase level shift was not statistically significant
(B=0.006, SE = 0.021, p = .789), indicating no transition-specific shift.
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TSE did not decline at entry into the induction phase; H2a was therefore
not supported. A small but statistically significant positive level shift of
+0.09 SD was observed at the transition into in-service teaching
(B = 0.091, SE = 0.029, p = .020), the opposite direction from the
temporary decline predicted by H2b.

Random effects were consistent across all models. The between-
person (tgp ~ 0.55) and within-person (6% = 0.45) variance remained
virtually unchanged from MO to M4b, indicating that the piecewise fixed
effects explained only a small proportion of the within-person variation
in TSE. The random slope variance (t17 = 0.008) was small in absolute
terms—as expected for standardized outcomes—but its inclusion pro-
duced the largest single fit improvement in the model sequence
(Ax? = 159.84, p < .001), confirming substantial individual variation in
TSE trajectories not captured by the average growth model.

5.3. Time-invariant predictors of TSE

Tables 6-9 present the estimates from models that extend the
preferred piecewise growth specification (M3) by sequentially adding
sets of time-invariant predictors: gender (Table 6), teacher type
(Table 7), motivational variables (Table 8), and personality traits
(Table 9). Initial teaching motives and personality traits were stan-
dardized prior to analysis.

Gender was not significantly associated with any component of TSE
development (Table 6). Female teachers did not differ from male
teachers in baseline TSE (B = 0.018, SE = 0.041, p = .656), nor did the
linear time slope (B = 0.006, SE = 0.014, p = .637). There was no dif-
ference between female and male teachers in level shift at the transition
from the TEP to the induction phase (B = —0.070, SE = 0.049, p = .155),
or at the entrance to the in-service phase (B = —0.030, SE = 0.068,
p = .662). H3 was therefore not supported.

Teacher type exhibited significant effects on baseline TSE and the
magnitude of transition-related level shifts (Table 7). Compared to pri-
mary teachers, upper secondary (B = —0.230, SE = 0.058, p < .001) and
vocational (B = —0.398, SE = 0.105, p 0.001) teachers reported sub-
stantially lower baseline TSE, corresponding to differences of approxi-
mately 0.23 and 0.40 SD, respectively. Lower secondary (B = —0.050,
SE = 0.071, p = .482) and special education (B = —0.068, SE = 0.085,
p = .422) teachers did not differ significantly from primary teachers in
baseline TSE. Several interactions with the linear time slope reached
statistical significance: relative to primary teachers, upper secondary
(B = —0.038, SE = 0.019, p = .049) and vocational (B = —0.070,
SE = 0.034, p = .038) teachers exhibited greater negative linear change
in TSE. The interactions with lower secondary (p = .162) and special
education (p = .094) teachers were insignificant. A more complex
pattern emerged for the level-shift interactions. The transition from TEP
into the induction phase was less negative for upper secondary
(B =0.161, SE = 0.066, p = .015), vocational (B = 0.399, SE = 0.123,

M3 M4a M4b

Table 5
Piecewise multilevel growth model estimates for TSE development.
MO M1 M2
Fixed effects
Intercept 0.006 (0.016) 0.017 (0.018)

Time (TEP slope)
Induction level shift
In-service entry shift
Time since in-service
Time since in-service?
Random effects

—0.005 (0.003)

o2 (within-person) 0.489 0.489 0.449
Too (between-person) 0.540 0.541 0.554
711 (random slope) 0.008
Icc 0.525 0.525 0.553

0.017 (0.017)
—0.005 (0.004)

0.019 (0.018)
—0.020 (0.006)***
0.006 (0.021)
0.091 (0.029)**

0.016 (0.018)

—0.012 (0.009)
—0.007 (0.024)
0.075 (0.032)*
—0.013 (0.011)

0.016 (0.018)
—0.012 (0.009)
—0.007 (0.024)
0.069 (0.033)
0.003 (0.021)
—0.004 (0.004)

0.449 0.449 0.449
0.552 0.552 0.552
0.008 0.008 0.008
0.552 0.552 0.552

Note. Unstandardized coefficients with standard errors in parentheses. Time coefficients expressed per wave (1 year). Satterthwaite-corrected p-values.

ICC = intraclass correlation coefficient.
*p < .05. **p < .01. ***p < .001.
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Fig. 2. Predicted TSE Trajectory (M3).

Note. Population-average trajectory implied by the preferred model (M3) for a representative teacher transitioning at modal waves. The four piecewise components
are visible as: the linear time slope (consistent across all phases), the induction-phase level shift, and the in-service entry level shift.

Table 6
Multilevel piecewise growth model with gender as moderator.
B (SE) 95 % CI p

Fixed effects: Piecewise base
Intercept 0.006 (0.036) [-0.063, 0.076] 0.857
Time (linear slope, per wave) —0.025 (0.012)* [-0.048, —0.002] 0.032
Induction phase (ref. TEP) 0.059 (0.043) [-0.025, 0.143] 0.171
In-service entry (ref. TEP) 0.113 (0.058) [-0.001, 0.228] 0.053
Fixed effects: Predictor main effects
Female 0.018 (0.041) [-0.062, 0.099] 0.656
Linear slope x female 0.006 (0.014) [-0.020, 0.033] 0.637
Induction shift x female —0.070 (0.049) [-0.167, 0.027] 0.155
In-service entry x female —0.030 (0.068) [-0.162, 0.103] 0.662

Random effects

Within-person variance (02) 0.449
Between-person variance (too) 0.552
Random slope variance (t;1) 0.008
1CC 0.552

Note. Unstandardized coefficients with standard errors in parentheses. Time
coefficients expressed per wave (=1 year). Estimation by REML on 20 multiple
imputed datasets, pooled via Rubin's rules. Satterthwaite-corrected p-values.
ICC = intraclass correlation coefficient. N = 2719 participants, 12,123 obser-
vations.

*p < .05, **p < .01. ***p < .00L.

p = .001), and special education (B = 0.228, SE = 0.095, p = .016)
teachers compared to primary teachers. Similarly, the transition from
the induction to the in-service phase was more positive for vocational
(B = 0.455, SE = 0.162, p = .005) and special education (B = 0.271,
SE = 0.135, p = .044) teachers than for primary teachers, with upper
secondary teachers demonstrating a positive, yet nonsignificant, effect
(B=0.163, SE = 0.092, p = .078). These results provide partial support
for H4: primary teachers reported higher baseline TSE than upper sec-
ondary and vocational colleagues, but their developmental trajectory
included a more pronounced downward induction shift than was
observed among teachers in other school types. A parallel pattern
emerged for panel attrition: participants who later left the study showed

a more negative induction-entry shift than those who remained
(leaver x induction interaction; B = —0.12, p = .008; omnibus
AX2(4) = 12.0, p = .018), consistent with their higher representation
among primary teachers.

Initial teaching motivation shows only main effects on baseline TSE
(Table 8). Among intrinsic motives, pedagogical interest shows a strong
positive association with TSE (B = 0.213, SE = 0.021, p < .001); subject
interest was also positively related, although to a lesser extent
(B =0.050, SE = 0.021, p = .021). Among extrinsic motives, time utility
was positively associated with TSE (B = 0.051, SE = 0.023, p = .029),
whereas financial utility (B = —0.017, SE = 0.023, p = .457) and social
influence (B = —0.010, SE = 0.023, p = .665) were not significant.
Perceived study demands showed a negative main effect on TSE
(B = —-0.083, SE = 0.025, p = .001). None of the motivational variables
interacted significantly with either the TEP or in-service slopes, indi-
cating that motivation was associated with stable between-teacher dif-
ferences in TSE rather than with variation in change over time. Overall,
these findings partially support H7: intrinsic motivational factors for
pursuing a teaching career were positively related to TSE levels, but
motivational variables did not predict change in TSE across career
stages.

Personality traits did not show any relation to TSE development
(Table 9). None of the Big Five traits—extraversion (B = 0.009,
SE = 0.019, p = .656), conscientiousness (B = —0.034, SE = 0.020,
p =.081), neuroticism (B = —0.035, SE = 0.019, p = .071), and openness
(B = 0.026, SE = 0.018, p = .165)—were significantly associated with
baseline TSE. Similarly, no significant interactions emerged between
personality traits and either the TEP or in-service slopes, indicating that
personality did not moderate the developmental trajectory of TSE. These
findings do not support either H8 or H9.

Across all four models, the fixed effects of the piecewise base com-
ponents remained largely unchanged. Random effects were similarly
stable: within-person variance (62 ~ 0.45) and between-person variance
(t00 ~ 0.49-0.55) shifted only minimally, with the ICC remaining at
0.52-0.55 across all models. The added predictors thus accounted for
only a small share of the substantial inter-individual variation,
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Table 7
Multilevel piecewise growth model with teacher type as moderator.

Parameter B (SE) 95 % CI P

Fixed effects: Piecewise base

Intercept 0.192 (0.053)*** [0.088, 0.296] <0.001
Time (linear slope, per wave) 0.016 (0.018) [-0.018, 0.051] 0.357
Induction phase (ref. TEP) —0.137 (0.061)* [-0.256, 0.024
—0.018]
In-service entry (ref. TEP) —0.058 (0.084) [-0.222, 0.107] 0.491
Fixed effects: Predictor main effects (ref. primary)
Lower secondary —0.050 (0.071) [-0.189, 0.089] 0.482
Upper secondary —0.230 [-0.343, <0.001
—-0.117]
Vocational [-0.604, <0.001
(0.105)*** —0.193]
Special education —0.068 (0.085) [-0.234, 0.098] 0.422
Fixed effects: Predictor x Linear slope(ref. primary)
Linear slope x Lower secondary —0.033 (0.023) [-0.079, 0.013] 0.162
Linear slope x Upper secondary =~ —0.038 (0.019)* [-0.076, 0.049
—0.000]
Linear slope x Vocational —0.070 (0.034)* [-0.136, 0.038
—0.004]
Linear slope x Special —0.046 (0.028) [-0.100, 0.008] 0.094
education
Fixed effects: Predictor x Level shifts (ref. primary)
Induction shift x Lower 0.017 (0.083) [-0.146, 0.180] 0.841
secondary
Induction shift x Upper 0.161 (0.066)* [0.031, 0.291] 0.015
secondary
Induction shift x Vocational 0.399 (0.123)** [0.157, 0.641] 0.001
Induction shift x Special 0.228 (0.095)* [0.042, 0.414] 0.016
education
In-service entry x Lower —0.018 (0.113) [-0.239, 0.203] 0.872
secondary
In-service entry x Upper 0.163 (0.092) [-0.018, 0.344] 0.078
secondary
In-service entry x Vocational 0.455 (0.162)** [0.137, 0.772] 0.005
In-service entry x Special 0.271 (0.135)* [0.007, 0.535] 0.044

education
Random effects

Within-person variance (62) 0.448
Between-person variance (tgo) 0.545
Random slope variance (t1;) 0.008
ICC 0.549

Note. Unstandardized coefficients with standard errors in parentheses. Time
coefficients expressed per wave (=1 year). Estimation by REML on 20 multiple
imputed datasets, pooled via Rubin's rules. Satterthwaite-corrected p-values.
ICC = intraclass correlation coefficient. N = 2719 participants, 12,123 obser-
vations.

*p < .05. **p < .01. ***p < .001.

suggesting that the time-invariant characteristics examined here do not
capture the sources of trajectory heterogeneity. Where predictors were
associated with TSE, this occurred primarily through differences in
baseline levels and, in some cases, the magnitude of transition-related
level shifts.

6. Discussion

This study examined the long-term development of TSE across career
stages over an 8-year period in a nationwide German panel study of
2719 teachers. By using a piecewise multilevel growth specification, we
were able to distinguish between within-stage change and transition-
related level shifts and to test for moderation by teacher characteris-
tics. This approach overcomes the key limitations of earlier two-to three-
wave studies based on cross-time mean comparisons (Bach &
Hagenauer, 2022; Swan et al., 2011; Woolfolk Hoy & Spero, 2005).
Three findings stand out. First, TSE showed a small but reliable linear
decline across all career phases, rather than the increase expected during
teacher education. Second, entry into the induction phase was not
associated with the anticipated negative level shift often posited in the
context of early professional socialization processes (Dicke et al., 2015;
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Table 8
Multilevel piecewise growth model with initial teaching motivation as
moderator.

Parameter B (SE) 95 % CI p
Fixed effects: Piecewise base
Intercept 0.025 (0.018) [-0.010, 0.161
0.060]
Time (linear slope, per wave) —0.020 [-0.032, <0.001
(0.006)*** —0.009]
Induction phase (ref. TEP) 0.003 (0.021) [-0.038, 0.891
0.044]
In-service entry (ref. TEP) 0.090 (0.029)** [0.033, 0.148] 0.002
Fixed effects: Predictor main effects
pedagocial interest 0.210 [0.169, 0.251] <0.001
(0.021)***
subject interest 0.048 (0.021)* [0.005, 0.090] 0.027
financial utility —0.014 (0.023) [-0.060, 0.556
0.032]
time utility 0.049 (0.023)* [0.003, 0.095] 0.035
social influence —0.011 (0.024) [-0.057, 0.653
0.036]
low demands —0.087 [-0.135, <0.001
(0.024)*** —0.039]
Fixed effects: Predictor x Linear slope
Linear slope x pedagocial interest —0.006 (0.007) [-0.020, 0.455
0.009]
Linear slope x subject interest —0.007 (0.007) [-0.021, 0.328
0.007]
Linear slope x financial utility —0.007 (0.007) [-0.022, 0.331
0.007]
Linear slope x time utility 0.003 (0.007) [-0.012, 0.703
0.018]
Linear slope x social influence 0.002 (0.008) [-0.014, 0.833
0.017]
Linear slope x low demands —0.006 (0.007) [-0.020, 0.453
0.009]
Fixed effects: Predictor x Level shifts
Induction shift x pedagocial —0.000 (0.025) [-0.050, 0.985
interest (std) 0.049]
Induction shift x subject interest —0.009 (0.025) [-0.059, 0.723
0.041]
Induction shift x financial utility 0.027 (0.028) [-0.027, 0.321
0.082]
Induction shift x time utility —0.004 (0.027) [-0.057, 0.892
0.050]
Induction shift x social influence —0.021 (0.028) [-0.077, 0.453
0.035]
Induction shift x low demands 0.033 (0.026) [-0.018, 0.206
0.084]
In-service entry x pedagocial 0.011 (0.037) [-0.061, 0.756
interest 0.084]
In-service entry x subject interest —0.005 (0.035) [-0.075, 0.881
0.064]
In-service entry x financial utility =~ 0.047 (0.037) [-0.026, 0.206
0.121]
In-service entry x time utility —0.035 (0.038) [-0.110, 0.351
0.039]
In-service entry x social influence —0.012 (0.040) [-0.090, 0.77
0.0671
In-service entry x low demands 0.021 (0.036) [-0.049, 0.549
0.092]

Random effects

Within-person variance (62) 0.448
Between-person variance (o) 0.489
Random slope variance (t11) 0.008
ICC 0.522

Note. Unstandardized coefficients with standard errors in parentheses. Time
coefficients expressed per wave (=1 year). Estimation by REML on 20 multiple
imputed datasets, pooled via Rubin's rules. Satterthwaite-corrected p-values.
ICC = intraclass correlation coefficient. N = 2719 participants, 12,123 obser-
vations.

*p < .05. **p < .01. ***p < .001.
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Table 9
Multilevel piecewise growth model with personaliy as moderator.
Parameter B (SE) 95 % CI P
Fixed effects: Piecewise base
Intercept 0.020 (0.018) [-0.016, 0.278
0.055]
Time (linear slope, per wave) —0.020 [-0.031, 0.001
(0.006)** —0.008]
Induction phase (ref. TEP) 0.005 (0.021) [-0.037, 0.823
0.046]
In-service entry (ref. TEP) 0.088 [0.030, 0.003
(0.029)** 0.146]
Fixed effects: Predictor main effects
Extraversion 0.006 (0.019) [-0.031, 0.744
0.044]
Conscientiousness —0.031 [-0.070, 0.115
(0.020) 0.008]
Neuroticism —0.036 [-0.073, 0.064
(0.019) 0.002]
Openness to new experience 0.024 (0.018) [-0.012, 0.191
0.060]
Fixed effects: Predictor x Linear slope
Linear slope x Extraversion 0.001 (0.006) [-0.011, 0.822
0.014]
Linear slope x Conscientiousness —0.000 [-0.012, 0.965
(0.006) 0.012]
Linear slope x Neuroticism —0.001 [-0.013, 0.916
(0.006) 0.012]
Linear slope x Openness to new 0.001 (0.006) [-0.011, 0.839
experience 0.014]
Fixed effects: Predictor x Level shifts
Induction shift x Extraversion -0.016 [-0.059, 0.461
(0.022) 0.027]
Induction shift x Conscientiousness 0.014 (0.022) [-0.030, 0.536
0.058]
Induction shift x Neuroticism 0.003 (0.023) [-0.042, 0.912
0.047]
Induction shift x Openness to new 0.003 (0.022) [-0.041, 0.908
experience 0.046]
In-service entry x Extraversion —0.046 [-0.106, 0.131
(0.030) 0.014]
In-service entry x Conscientiousness 0.022 (0.030) [-0.038, 0.474
0.081]
In-service entry x Neuroticism 0.000 (0.031) [-0.061, 0.99
0.062]
In-service entry x Openness to new —-0.010 [-0.071, 0.732
experience (0.031) 0.050]
Random effects
Within-person variance (02) 0.449
Between-person variance (Too) 0.550
Random slope variance (t11) 0.008
ICC 0.550

Note. Unstandardized coefficients with standard errors in parentheses. Time
coefficients expressed per wave (=1 year). Estimation by REML on 20 multiple
imputed datasets, pooled via Rubin's rules. Satterthwaite-corrected p-values.
ICC = intraclass correlation coefficient. N = 2719 participants, 12,123 obser-
vations.

*p < .05. **p < .01. ***p < .001.

Voss & Kunter, 2020). Instead, the average TSE level remained un-
changed at this transition. Third, entry into in-service teaching was
associated with a small but statistically significant upward shift, con-
trary to the negative shift anticipated, given the expectation that the
assumption of full instructional and assessment responsibility would
temporarily destabilize TSE (Hartl & Holzberger, 2022; Voss & Kunter,
2020). Across the full 8-year period, the cumulative average change in
TSE remained small, and the inclusion of time-invariant predictors did
not alter the trajectory components. At the same time, the random-slope
variance revealed substantial heterogeneity in trajectories around this
average pattern, indicating that average stability does not imply uni-
versal stability and that the time-invariant characteristics we examined
did not capture the sources of this trajectory heterogeneity.
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6.1. Development of TSE across career stages

Contrary to expectations derived from prior research, we found no
evidence of average growth in TSE during university-based teacher ed-
ucation. Instead, our results show a small decline in TSE during TEP.
This challenges the assumption that engagement in coursework and
practical necessarily produces accumulating confidence. Rather, it
aligns with arguments suggesting that early TSE may reflect optimistic
prospective beliefs that become recalibrated as candidates encounter the
demands of the profession (Baumert & Kunter, 2006; Tynjala &
Heikkinen, 2011; Weinstein, 1989). It is also consistent with Klassen
and Chiu's (2010) characterization of TSE as a dynamic construct that
fluctuates with personal characteristics and individuals' interpretations
of their environment, rather than as a unidirectional growth process.

Similarly, the transition into the induction phase was not accompa-
nied by a significant level shift in TSE. This result contradicts studies
reporting an initial decline in TSE, particularly classroom-management
self-efficacy, upon entering induction (Dicke et al., 2015), but is
consistent with the broader observation that structured induction sys-
tems can buffer against early-career destabilization (Richter et al., 2013;
Voss & Kunter, 2020). Within the OST framework (Bauer & Erdogan,
2011), beginner teachers in the induction phase gradually assume re-
sponsibility under supervision while continuing to have access to sem-
inars and mentoring. This structural feature may sustain access to all
four sources of efficacy (Bandura, 1997), particularly social persuasion
via mentor feedback (Richter et al., 2013) and scaffolded mastery ex-
periences, thereby attenuating the abrupt confrontation with classroom
reality that is sometimes invoked to explain early-induction declines in
TSE (Dicke et al., 2015; Voss & Kunter, 2020).

The most prominent change in TSE was observed at the transition
into full in-service teaching, which was associated with a small, statis-
tically significant positive level shift. This is contrary to the literature
that found a temporary decline at this transition (e.g., Hartl &
Holzberger, 2022). This observed positive shift could be attributed to
several mechanisms. From a socialization perspective (Bauer & Erdogan,
2011), the formal acquisition of full professional status, including
autonomous classroom decision-making and the removal of supervisory
monitoring, may itself function as a source of efficacy through enhanced
perceived agency. From a self-efficacy perspective (Bandura, 1997;
Morris et al., 2017), the mastery experiences accumulated during the
induction phase may translate into stable confidence once novice
teachers operate without scaffolded supervision. The fact that neither a
phase-specific linear slope nor a quadratic curvature improved fit
beyond the level-shift specification indicates that the average
post-transition trajectory does not deviate from the small linear decline
observed across all phases; in particular, there was no detectable tem-
porary dip-and-recovery pattern in the population-average trajectory as
has been documented elsewhere (Hartl & Holzberger, 2022; Swan et al.,
2011; Woolfolk Hoy & Spero, 2005).

Across all models, over half of the variance in TSE was attributable to
stable between-person differences, with the remainder reflecting within-
person fluctuations. This decomposition is broadly consistent with cross-
national variance-component evidence from the TALIS study ((Vieluf
et al., 2013)), where the bulk of TSE variance was contributed by the
differences between teachers, with smaller contributions from school-
and country-level factors. The random-slope component in our models
revealed substantial heterogeneity in trajectories, indicating that the
lack of pronounced change in the average trajectory masks substantial
differences in how individuals develop over time. The inclusion of
gender, teacher type, initial teaching motivation, and personality traits
explained only a small share of this within-person variance; substantial
between-person variability in trajectories persisted even though indi-
vidual trajectories can vary meaningfully around that average.



S. Franz and J. Paetsch
6.2. Time-invariant predictors of TSE

Contrary to previous studies (Calkins et al., 2024; Fackler &
Malmberg, 2016), gender was associated with neither baseline TSE
nor with change over time. The absence of gender effects in longitudinal
models suggests that previously reported differences may reflect
contextual or task-specific factors rather than enduring disparities in
global TSE (Calkins et al., 2024).

Consistent with prior research, school type was associated with dif-
ferences in baseline TSE: primary teachers reported higher initial TSE
than upper secondary and vocational teachers. Lower secondary and
special-education teachers did not differ significantly from the primary
reference group. These baseline differences are consistent with contex-
tual disparities in instructional demands, student-group heterogeneity,
and curricular expectations across school types (Klassen & Chiu, 2010;
Wolters & Daugherty, 2007), as well as with broader differences in
professional socialization environments (Kraft & Papay, 2014).

In contrast to baseline-only patterns reported by earlier studies,
school type also moderated transition-related level shifts. The level shift
from the TEP to the induction phase was less negative—that is, the
transition was experienced as more positive—among upper secondary,
vocational, and special education teachers than among primary teach-
ers. Substantively, this means that primary teachers experienced a small
downward shift at induction entry, while teachers in other school types
did not. A similar pattern emerged at the transition from the induction to
the in-service phase, with vocational and special-education teachers
showing greater positive shifts than primary teachers. These transition-
related differences are consistent with the view that primary education
places particular demands on classroom management and student
engagement skills (Klassen & Chiu, 2010; Ryan et al., 2015), making the
induction phase a more efficacy-relevant transition point in this context.
They also illustrate that the trajectories of TSE—not its baseline levels
alone—vary by school context, even if the within-stage rate of change
does not.

Intrinsic motivation for choosing the teaching profession emerged as
the strongest individual-difference predictor of TSE. Pedagogical inter-
est exhibited a particularly large positive association with baseline TSE,
and including motivational variables in the model reduced between-
person variance. This is consistent with theoretical accounts of moti-
vation as a stable orientation that filters how teachers interpret efficacy-
relevant experiences ((Watt & Richardson, 2007)) and with empirical
work linking intrinsic motivation to professional engagement and
persistence (Bilim, 2014; Calkins et al., 2024; Thornberg et al., 2025).
Among extrinsic indicators, time utility was positively related to TSE,
while perceived study demands were negatively related, but neither
financial utility nor social influence reached statistical significance.
Motivational variables did not interact with any trajectory component,
indicating that motivation for choosing the teaching profession is asso-
ciated with teachers' starting point but not their rate or direction of
change. This pattern aligns with Klassen and Chiu's (2010) view of TSE,
which holds that while initial motivational orientations provide the lens
through which efficacy-relevant experiences are evaluated, they do not
directly shape the developmental curve. However, these findings should
be interpreted in light of the fact that only teachers' initial career mo-
tives were included in the analyses. From a Self-Determination Theory
perspective, motivation is expected to evolve across teacher education
and early career as a function of ongoing interactions between in-
dividuals and their environment (Ryan & Deci, 2020).

Contrary to expectations from prior research (Djigic et al., 2014;
Senler & Sungur-Vural, 2013), no personality trait was significantly
associated with either baseline TSE or any trajectory component,
although neuroticism showed a negative but insignificant trend in the
predicted direction. These null findings should be interpreted in light of
the limited reliability of the abbreviated two-item personality scales
used in this study (Rammstedt & John, 2007). It is also possible that
personality is more strongly linked to domain-specific TSE (e.g.,
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classroom-management self-efficacy under stress) or to situational
variability than to the stable global construct we examined ((Kim et al.,
2019)). The present results are therefore best interpreted as inconclusive
regarding the personality-TSE link rather than as evidence that per-
sonality is unrelated to TSE development.

6.3. Limitations and future research

Several limitations of this study concerning the data structure,
attrition, modeling constraints, measurement limitations, generaliz-
ability, and causal inference should be acknowledged when interpreting
its results.

Data collection points were unevenly distributed across all career
stages. While we accounted for variations in career-stage progression,
we did not consider the underlying reasons for differences in training
duration, which may influence TSE development. Furthermore, we did
not observe the students for the first 34 years of their TEP, which limits
our ability to draw conclusions about early TSE development. Panel
attrition may have introduced bias despite appropriate handling of
missing values using FIML and multiple imputation methods. Teachers
who left the study may have differed systematically from those who
remained, meaning that late-career patterns may partly reflect changes
in sample composition rather than universal within-person develop-
ment. Although a missing-at-random assumption is plausible given the
covariates included in our models, interpretations of the apparent TSE
trajectories in later career stages should remain cautious. Teachers who
did not participate in the last wave showed a steeper decline at entry into
the induction phase than those who remained in the study. Accordingly,
the estimated change associated with entry into the induction phase
should be interpreted with some caution.

The induction phase was modeled using a level-shift parameter
rather than a within-stage slope because participants contributed an
average of only 1.5 observations during this period. Within-induction
developmental change could therefore not be tested, and prior incon-
sistent findings on within-stage induction trajectories (Bacon, 2020;
Dicke et al., 2015; Richter et al., 2013) cannot be addressed with the
present data.

Motivation to pursue a teaching career was assessed only once as a
retrospective measure of teachers' initial career motives and modeled as
a time-invariant predictor. However, there is evidence that motivation
changes across career stages (Ponnock et al., 2018), consistent with
Self-Determination Theory (Ryan & Deci, 2020). Consequently, the
observed associations should be interpreted as reflecting the relation
between initial career motives and TSE rather than the effects of moti-
vation throughout the study period. Future longitudinal research should
therefore examine how changes in teaching motivation and TSE recip-
rocally influence one another over time. Personality traits were
measured using a short scale that, despite demonstrating adequate
convergent validity in prior research (Rammstedt & John, 2007), may
not reflect the Big Five personality traits.

Furthermore, the analyses were limited to time-invariant predictors.
Time-varying contextual factors, such as perceived stress, mentoring
quality, workload, and organizational support, are central to self-
efficacy theory (Bandura, 1997) and should be included in future
research. Finally, we assessed general rather than domain-specific TSE,
which may provide a more nuanced understanding of how different
self-efficacy dimensions fluctuate over time and across instructional
contexts. Future research should incorporate these specific facets of TSE
to obtain a more comprehensive understanding of its developmental
trajectory.

The focus on normative developmental patterns and differences be-
tween career stages, limited exploration of individual predictors of TSE
development. Future research should examine how individual factors (e.
g., coping strategies and professional identity development) interact
with contextual factors to shape TSE trajectories. While the sample was
large and representative of the German teacher education system, the
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generalizability of our findings to other educational contexts remains
ambiguous. Cross-cultural studies should be conducted to provide
valuable insights into how contextual factors influence the development
of professional beliefs.

Despite the longitudinal study design, we cannot make causal claims
about the factors influencing TSE trajectories. Experimental studies
examining the impacts of interventions would provide stronger evidence
of effective approaches to fostering positive professional beliefs. Finally,
the COVID-19 pandemic occurred during the observation period, lead-
ing to school closures that may also have affected TSE trajectories
(Pressley & Ha, 2021).

6.4. Implications

Our findings may offer relevant considerations for TEPs and profes-
sional development initiatives. Given differences in TSE levels and tra-
jectories across career stages, it is reasonable to adopt a differentiated
perspective that considers the specific characteristics and demands of
each stage. Because higher TSE has been associated with more effective
instructional practices and mastery-oriented classroom environments
(Jerrim et al., 2025; Lazarides et al., 2018; Zee & Koomen, 2016),
fostering TSE throughout the early career may contribute not only to
teachers' professional development but also to instructional quality.

Our findings suggest that prospective teachers begin their training
with relatively high TSE and that this initial confidence exhibits a small
but reliable downward trend across the teacher education phases. This is
consistent with the interpretation that early TSE may reflect optimistic
prospective beliefs that become recalibrated as candidates gain practical
experience (Baumert & Kunter, 2006; Tynjala & Heikkinen, 2011). The
absence of a sharp downward shift at the entry into the induction phase
challenges the characterization of this transition as a “reality shock” in
the German context (Dicke et al., 2015; Voss & Kunter, 2020) and points
to the structured support system characteristic of the German induction
phase as a plausible buffering mechanism.

Our findings on inter-individual differences in TSE trajectories sug-
gest that broad generalizations of a linear development of beginner
teachers” TSE across career stages should be treated with caution, as
substantial variation was observed among teacher candidates. Thus,
one-size-fits-all approaches to teacher professional development may
not be optimally effective. Instead, more targeted strategies that
acknowledge transitional phases and provide tailored support during
these periods appear to be more promising.

Furthermore, the average stability of TSE at the transition into the
German induction phase may be indicative of the potential value of
structured mentoring and graded introductions to teaching re-
sponsibilities. However, alternative explanations cannot be ruled out,
including selection processes by which less efficacious candidates leave
the pathway before this transition. Although our design did not allow us
to examine within-induction change directly, the stable average TSE
level at this transition is at least consistent with theoretical accounts
emphasizing how structured induction systems can provide continued
access to the four sources of efficacy (Bandura, 1997), including scaf-
folded mastery experiences (Dicke et al., 2015), vicarious learning
through expert observation (Cabaroglu, 2014; Grammatikopoulos et al.,
2013), social persuasion via mentor feedback (Gratacos et al., 2023;
Munshi, 2018; Richter et al., 2013), and support for managing emotional
demands during challenging situations (Voss & Kunter, 2020). The
pattern observed in our data—average stability at the TEP-to-induction
transition followed by a small upward shift at induction-to-in-service
entry—contributes longitudinal evidence to the literature, which has
thus far relied largely on cross-time mean comparisons of two or three
waves.

The school-type moderation findings carry an additional implication.
Whereas primary teachers reported higher baseline TSE, they also
experienced the more pronounced negative shift at the TEP-to-induction
transition; teachers in other school types did not. This pattern suggests
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that the efficacy-relevant demands of the induction phase differ across
instructional contexts. Targeted induction support may therefore benefit
primary teachers in particular, especially in domains (e.g., classroom
management of large mixed-age groups) where the early shift from
training to autonomous practice represents a particularly steep efficacy
demand (Klassen & Chiu, 2010; Ryan et al., 2015). Differentiated
mentoring calibrated to the instructional demands of each school type
could plausibly attenuate this transition-specific dip.

Finally, the small average linear decline of TSE across the 8-year
period, accompanied by considerable inter-individual variation in tra-
jectories and punctuated by a small but reliable upward shift at entry
into in-service teaching, suggests that teachers may benefit from
ongoing support throughout their careers, not solely during initial
teacher education or early career stages. Professional development
programs could be tailored to address the specific challenges of a
teaching career, paying particular attention to periods when TSE typi-
cally declines. For example, studies have shown that the disruptions
caused by the COVID-19 pandemic led to decreased self-efficacy.
Research also suggests that the demands of teaching heterogeneous
student populations can affect TSE (Fackler et al., 2021; Fackler &
Malmberg, 2016). Teacher support could include the provision of
continued access to high-quality mastery experiences through struc-
tured professional development with practical implementation (Palmer,
2011; Tschannen-Moran & McMaster, 2009), vicarious experiences
through peer observation and team teaching (Mather & Visone, 2024;
Mintzes et al., 2013), social persuasion through professional learning
communities and instructional coaching (Hoogendijk et al., 2018; Smith
et al., 2020), and addressing physiological and emotional states with
support for managing stress and preventing burnout (Buonomo et al.,
2019; Buri¢ et al., 2020).

7. Conclusion

This study extends previous TSE research by modeling within-stage
developmental trajectories and changes associated with career-stage
entry over an 8-year period in a large nationally representative sample
of German teachers. The findings reveal a complex picture: rather than
the upward trajectory often reported by shorter-term studies of teacher
education, the average TSE trajectory showed a small but reliable linear
decline across all career phases. Structural career transitions were
associated with average changes in TSE levels rather than gradual
changes in developmental trajectories. Contrary to expectations, entry
into the induction phase was not accompanied by a decline in TSE,
whereas entry into in-service teaching was followed by a small positive
increase. Initial intrinsic motivation to pursue a teaching career and
primary-school teaching were associated with higher baseline TSE.
Furthermore, TSE level shifts at career transitions varied across school
types, most notably for primary teachers, who experienced a more
pronounced negative shift at the entry into the induction phase than
teachers in other school types. Substantial individual variation in tra-
jectories highlights that one-size-fits-all approaches to professional
development may be poorly matched to the heterogeneity of teacher
development. By separating the within-phase developmental trajec-
tories of TSE from changes associated with career-stage entry, and by
examining development over an 8-year period while accounting for in-
dividual differences in trajectories, this study extends existing research
on the longitudinal development of TSE across early career stages.
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