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Abstract

The present study investigates whether alternatively and traditionally certified teach-
ers differ in their teaching quality. We conducted doubly latent multilevel analysis
using a large-scale dataset with student ratings on the quality of instruction provided
by 1550 traditionally and 135 alternatively certified secondary school mathematics
teachers in Germany. Findings show no evidence of differences in teaching quality
between alternatively and traditionally certified teachers. Independent of the type of
certification, novice teachers scored lower on classroom management than experi-
enced teachers. Findings suggest that beginning teachers—whether alternatively or
traditionally certified—need to be better prepared for classroom management before
starting to teach.
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1 Introduction

Studies show that teachers vary in their success in promoting student learning
(Fauth et al., 2019; Hattie, 2009; Kyriakides et al., 2013). Students’ learning out-
comes depend on the quality of instruction they receive, which in turn depends on
teachers’ competence (Fauth et al., 2019; Kunter et al., 2013). Teachers’ compe-
tencies comprise knowledge, attitudes, and motivational variables that form the
basis for mastery-specific situations (Kunter et al., 2013). Teachers acquire teach-
ing competence primarily through teacher education programs and through prac-
tical experience in the classroom (Kunter et al., 2013). Both teacher training and
job experience appear to play crucial roles in the development of teachers’ profes-
sional competence and in the quality of their teaching.

During the last two decades, growing numbers of individuals without tradi-
tional teacher training have entered the teaching profession through alternative
certification programs in Europe and the USA (Coppe et al., 2021; Paniagua
& Sanchez-Marti, 2018; Redding & Smith, 2016). This development has been
driven in large part by teacher shortages (Sutcher et al., 2019). Forty US states
recently reported teacher shortages in the areas of math, science, and special edu-
cation (Sutcher et al., 2019). Most European countries are facing similar short-
ages (European Comission, 2018). Alternatively certified (AC) teachers offer an
important means of overcoming the teacher shortages that have become a world-
wide phenomenon (Sutcher et al., 2019; UNESCO, 2016). AC teachers are not,
however, distributed equally among schools. Studies show that AC teachers often
work at hard-to-staff schools since these schools have difficulties attracting and
retaining highly qualified teachers (Podolsky et al., 2016; Richter et al., 2018). To
avoid further disadvantaging students at these schools, it is important to ensure
that teaching quality does not suffer due to the increased hiring of AC teachers at
hard-to-staff schools.

The increasing number of teachers who completed alternative certification pro-
grams has raised questions about whether AC teachers provide the same teach-
ing quality as their traditionally certified (TC) colleagues, since alternative cer-
tification programs are usually shorter than traditional ones (Darling-Hammond
et al., 2005; Swanson & Ritter, 2018). An answer to this question would be of
great value, since numerous studies have shown that teaching quality is an impor-
tant prerequisite for students’ motivational and cognitive learning outcomes
(Allen et al., 2013; Ruzek et al., 2016). Moreover, the insights gleaned from this
question could elucidate the assessment and accountability mechanisms within
teacher education programs and inform the evolution of alternative certification
pathways.. Prior studies on AC teachers’ teaching quality have provided initial
insights into how AC teachers organize and design their lessons (Jelmberg, 1996;
Mccarty & Dietz, 2011; Miller et al., 1998). Most of these, however, used rela-
tively small samples, focused on individuals coming from selected programs only,
and lacked a theoretical framework for teaching quality (Jelmberg, 1996; Mccarty
& Dietz, 2011; Miller et al., 1998). The present study addresses these limitations
and investigates whether AC teachers provide the same teaching quality as their
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traditionally certified counterparts. Using secondary data from a large-scale study
conducted in Germany, we examined whether AC and TC mathematics teachers
differed in three dimensions of teaching quality (i.e., classroom management, stu-
dent support, and cognitive activation) using student ratings (Research Question
1). Furthermore, we investigated whether AC and TC teachers differ in teach-
ing quality depending on their teaching experience (Research Question 2). In the
following, we shortly describe the context of traditional and alternative teacher
certification in Germany. After that, we introduce a precise definition of teaching
quality and summarize previous findings on the role of teacher training and teach-
ing experience in teaching quality.

2 Traditional and alternative teacher certification: the German
context

In Germany, individuals who want to become teachers must complete two phases
of teacher training. The first phase is a university-based teacher training with a
bachelor’s/master’s model generally lasting 5 years, and students choose at least
two subjects at the start of their teacher education program (Cortina & Hoover
Thames, 2013). The first phase of teacher training consists primarily of content-
related courses. However, there are also courses on pedagogical content knowledge
and pedagogy as well practical phases in schools. In 2020, most of Germany’s fed-
eral states implemented a semester-long internship during the master’s program
(Ulrich et al., 2020). The first university-based phase is followed by an in-school
induction program lasting from 1 to 2 years (depending on the federal state). This
second phase aims at preparing prospective teachers for their work in schools and
focuses on pedagogical knowledge and pedagogical content knowledge (Cortina &
Hoover Thames, 2013). The prospective teachers are assigned to a school in which
they teach about 10 lessons per week. At the end of the induction phase, prospective
teachers are required to pass an exam to obtain certification to teach at a German
school (Cortina & Hoover Thames, 2013). This examination typically takes place
at the end of the induction phase, often consolidated into a single day. During this
session, the prospective teacher is required to conduct a lesson in each respective
subject. An evaluative committee, predominantly comprising seasoned educators,
appraises the teaching efficacy of the candidate. However, such protocols exhibit
variations across federal states. In certain instances, candidates might also be man-
dated to deliver a presentation or submit a scholarly paper. Thus, there is no stand-
ardized test for all prospective teachers in Germany.

In response to the growing teacher shortage in Germany, more accelerated path-
ways into the teaching profession have been developed in addition to the traditional
pathway. In contrast to traditional teacher training, which is highly structured and
regulated by standards, alternative certification programs differ widely in length
and are not required to meet standards of traditional teacher training (Driesner &
Arndt, 2020). There are two general alternative pathways to teacher certification in
Germany.
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The first alternative pathway is the so-called Seiteneinstieg and is created for
individuals who have a completed a master’s degree in a field other than teaching
but have not received one that qualifies them to teach two school subjects.
Candidates receive on-the-job pedagogical training while working as teachers
(Richter et al., 2022). Regrettably, the methodologies for on-the-job pedagogical
training exhibit substantial variations not only between, but also within, federal
states. It is noteworthy to mention that comprehensive data on these trainings cannot
be procured for all 16 federal states. Consequently, Germany lacks a harmonized
approach for the training of Seiteneinsteiger. The second alternative pathway is
called “Quereinstieg” and is designed for individuals who have a completed a
master’s degree in a field other than teaching that relates to two school subjects.
Individuals who meet this prerequisite are allowed to enter the induction phase
(second phase of teacher training) together with traditionally trained teachers. The
present paper covers AC teachers who enter the teaching profession through both
pathways, the Seiteneinstieg and the Quereinstieg. The two pathways cannot be
distinguished in our analyses because we do not have any data about the specific
pathway teachers have taken. However, teachers coming from both pathways have
in common that they did not complete the first phase of initial teacher training. This
is the major difference between TC and AC teachers in this sample. Since TC and
AC teachers differ in this important aspect, we believe that the type of certification
could have an impact on the quality of teaching and thus on student achievement.
Therefore, investigating the differences between TC and AC teachers could shed
light on the accountability of teacher education programs.

3 Offering high-quality teaching: the role of teacher training

The provision of high-quality teaching, however, does not happen automatically.
Teachers need specific competencies to meet the high demands of their profession
and to be able to support the diverse students in their classrooms (Kunter et al.,
2013). Hence, a central task of teacher education is to provide future teachers with
opportunities to acquire the necessary competencies to meet their goals (Darling-
Hammond, 2017; Tatto, 2021). Teachers’ knowledge can be regarded as a key
component of teachers’ competence (Kleickmann et al., 2013). Studies have shown
that teachers’ knowledge has an effect on teaching quality and student learning
(Baumert et al., 2010; Hill et al., 2005; Kunter et al., 2013; Fauth et al., 2019).
In addition to knowledge, teachers’ competencies also comprise attitudes and
motivational variables (Kunter et al., 2013).

In light of the importance of teachers’ knowledge for student learning, teacher
education places great value on fostering teachers’ knowledge (Kleickmann et al.,
2013). To ensure high-quality teaching, a number of countries have implemented
standards that determine what teachers should learn and be able to do (Darling-
Hammond, 2017). These standards often refer to teachers’ knowledge in the areas of
content knowledge, pedagogical content knowledge, and pedagogical knowledge (see
Darling-Hammond, 2021 for an overview). Studies showing that both teachers’ content
knowledge (Hill et al., 2015; Metzler & Woessmann, 2012) and their pedagogical
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content knowledge (Keller et al., 2017) positively impact student achievement reflect
the relevance of these areas of teacher knowledge. Moreover, pedagogical content
knowledge (Kulgemeyer & Riese, 2018) and general pedagogical knowledge (Konig
& Pflanzl, 2016) are also positively associated with teaching quality.

Teachers acquire their knowledge through different sources (Grossman, 1990).
Studies highlight the importance of teacher education programs providing different
formal learning opportunities (i.e., workshops and lectures) for the acquisition of
knowledge (e.g., Kleickmann et al., 2013). Torbeyns et al. (2020), for instance, showed
that second- and third-year students in teacher education programs outperformed first-
year students in a test of mathematical pedagogical content knowledge. Moreover, in a
study of students in teacher education programs preparing to teach French as a foreign
language, Evens et al. (2017) showed that second and third-year students outperformed
first-year students in tests of content knowledge, pedagogical content knowledge, and
pedagogical knowledge. Another study by Morris and Hiebert, (2017) highlights the
impact of teacher education programs on teachers’ careers: Even after 5 to 6 years
of teaching experience, mathematics teachers were more likely to use mathematical
concepts in their lesson planning if they had the opportunity to learn these concepts
during their teacher training. Hence, teacher training is essential in building a solid
knowledge base and in promoting the development of skills that improve teachers’
teaching quality and thus also students’ learning outcomes.

At present, however, a steadily growing number of individuals are entering the
teaching profession through alternative certification programs. Since these programs
can be completed much more quickly than traditional training programs, they
provide reduced opportunities to learn. While the number of AC teachers is rising,
only a few studies to date have investigated differences in teaching quality between
AC and TC teachers, and these have focused mainly on teachers in the USA and
used quantitative data to investigate whether the type of certification was related to
teaching quality. Most of these studies did not find significant differences in teaching
quality between AC and TC teachers (Hill et al., 2015; Mccarty & Dietz, 2011;
Miller et al., 1998), and only one found that TC teachers provided higher-quality
teaching than AC teachers (Jelmberg, 1996).

It is noteworthy that previous studies on the teaching quality of AC and TC
teachers assessed teaching quality quite differently. Some used teachers’ own
ratings (Miller et al., 1998), while others used principals’ ratings (Jelmberg, 1996),
school district administrators’ ratings (Mccarty & Dietz, 2011), or experts’ ratings
of videotape lessons (Hill et al., 2015). Moreover, these studies specified teaching
quality differently and did not always refer to established theories. Whereas some
focused on specific practices (goal direction, feedback, appropriate constructive
criticism, appropriate negative consequences; Miller et al., 1998) as indicators for
teaching quality, others used more general specifications (e.g., instructional skills or
instructional planning; Jelmberg, 1996). Hill et al. (2015) specified teaching quality
with the model by Pianta and Hamre (2009) using the Classroom Assessment
Scoring System (CLASS).

In sum, it appears that previous studies have disagreed on how teacher quality
should be measured but appear to agree—with the exception of Jelmberg (1996)—
that there is little difference in teacher quality between AC and TC teachers.
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Moreover, most previous studies were conducted in the United States, and it thus
remains unclear whether the findings are also valid for other countries.

4 The role of teaching experience in teaching quality

As noted above, most previous studies have shown that AC and TC teachers do not
differ in their teaching quality, despite the shorter duration of AC teachers’ training
(Hill et al., 2015; Mccarty & Dietz, 2011; Miller et al., 1998). However, these stud-
ies did not take teaching experience as a possible moderator into account, which
may influence teaching quality over and above the type of teacher training completed
(Graham et al., 2020). It seems plausible that the teaching quality of novice teachers
is lower than that of experienced teachers, because the first 3 years of teaching are
a time of “survival and discovery,” characterized by a sense of exhaustion, feeling
overwhelmed, and struggling with student discipline (Huberman, 1989).

However, research on this assumption is inconclusive (e.g., Graham et al., 2020).
A study by Stuhlman and Pianta (2009) did not find a significant relationship
between years of teaching experience and teaching quality among first-grade teach-
ers in the USA. A more recent study by Graham et al. (2020), which investigated
whether teaching quality of third-grade teachers in Australia differed in relation to
their teaching experience, reports comparable results. However, they found that tran-
sitioning teachers, that is, those with 45 years of teaching experience, performed
significantly worse in classroom organization than novice teachers (0-3 years) and
experienced teachers (more than 5 years). The authors explain this finding with the
removal of initial support structures paired with an increase in workload and respon-
sibilities (Graham et al., 2020). In contrast to the aforementioned studies, which
found no significant differences between experienced and novice teachers, eye-
tracking studies have identified differences in some aspects of classroom manage-
ment. Huang et al. (2021a) measured novice teachers’ attention distribution in the
classroom and showed that, compared to experienced teachers, novice teachers were
scanning narrower classroom areas and focusing more on individual students than
on the whole class (Cortina et al., 2015).

In sum, the current state of research only partially supports the hypothesis that
novice teachers differ significantly from experienced teachers. But it must also be
mentioned that there is an inconsistency in the categorization used to describe cat-
egories of experience (Graham et al., 2020). In this study, we follow Huberman’s
approach and define novice teachers as those with less than 3 years of teaching
experience.

Turning the focus to AC teachers, their unique pathways into the profession pre-
sent a distinct landscape for understanding teaching quality and its development. A
recent study by Matsko et al. (2021) showed that AC teachers feel less prepared for
teaching than TC teachers. This could possibly be explained by shorter training pro-
grams with a lower number of academic classes. Due to the different certification
process of AC teachers, they encounter specific challenges during their first years of
teaching. Self-reports of AC teachers highlight difficulties in maintaining classroom
management and time management and in creating opportunities for differentiation
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(for an overview, see Baeten & Meeus, 2016; Haggard et al., 2006). They also report
on challenges outside of instructional settings, such as in the organization of daily
school routines, understanding educational law, self-management, and collaboration
with parents (Richter et al., 2023). Although novice TC teachers also report facing
challenges in classroom management (Chaplain, 2008; Voss et al., 2017), AC teach-
ers express higher levels of concern (Baeten & Meeus, 2016). Teaching experience
should therefore be also considered when examining differences in teaching quality
between AC and TC teachers.

5 What teachers do matters: defining teaching quality

Educational research has searched extensively for characteristics of classroom
instruction that positively predict student learning outcomes (e.g., Allen et al.,
2013). Empirical studies have shown that scaffolding, teacher feedback, clarity of
presentation, and adequate pacing can foster learning in the classroom (Hattie, 2009;
Seidel & Shavelson, 2007). Over the last 20 years, research has shifted from looking
at individual instructional practices or classroom characteristics to focusing on more
general aspects of teaching quality (Borko, 2004; Seidel & Shavelson, 2007). A fre-
quently used empirical framework for teaching quality suggested by Klieme et al.
(2009) differentiates between the three dimensions classroom management, student
support, and cognitive activation.

The dimension classroom management includes all actions taken by teachers to
establish order and maximize the time for learning (Baumert et al., 2010; Doyle,
1985; Emmer & Stough, 2001). In order to achieve this goal, teachers first need to
identify desirable student behaviors by communicating clear rules and establishing
stable routines (Emmer & Stough, 2001; Praetorius et al., 2018). Second, teachers
need to prevent disruptions and ensure the efficient use of time by monitoring the
classroom (Kounin, 1970) and intervening immediately and effectively if necessary
(Emmer & Stough, 2001; Kunter et al., 2007). By following these two key prin-
cipals, teachers can provide a learning environment in which students can actively
engage with subject matter (Brophy, 1999; Kunter et al., 2007). Studies have shown
that teachers who are able to successfully manage their classrooms promote student
learning significantly better than teachers lacking these skills (Fauth et al., 2014;
Kyriakides et al., 2013; Lipowsky et al., 2009).

The second dimension, student support, includes all aspects related to the qual-
ity of social interactions and relationships between teachers and students, as well as
among students (Fauth et al., 2014; Praetorius et al., 2018). Positive interactions and
relationships can be encouraged through teacher feedback and dealing constructively
with student errors and misconceptions, which positively impacts learning (Baumert
et al., 2010; Fauth et al., 2014). By providing support to students, teachers show that
they genuinely care about students and make an effort to understand their feelings
and points of view (Wallace et al., 2016). Studies have shown that student support is
closely related to students’ motivational and emotional learning outcomes, such as their
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interest, enjoyment, and anxiety (Fauth et al., 2014; Fauth et al., 2019; Kunter et al.,
2013; Lazarides & Buchholz, 2019), but also to their achievement (Allen et al., 2013).

Finally, cognitive activation describes instruction in which teachers provide challenging
tasks or problems that engage students in higher-order thinking processes (Baumert et al.,
2010). Tasks should therefore connect students’ prior knowledge with the exploration of
new concepts and resolution of cognitive conflicts (Baumert et al., 2010; Praetorius et al.,
2018). Students taught in classrooms with high cognitive activation were found to develop
a deep conceptual understanding (Praetorius et al., 2018; Wallace et al., 2016). Teachers’
cognitive activation in the classroom also positively predicts students’ motivation (Fauth
et al., 2014) as well as student achievement (Allen et al., 2013; Blazar, 2015; Kyriakides
et al., 2013; Lipowsky et al., 2009; Seidel & Shavelson, 2007).

Teaching quality can be investigated from different perspectives. The perception of
students has been receiving growing attention, and many studies have used student rat-
ings as a measure of teaching quality (e.g., Lazarides & Buchholz, 2019; Lazarides
et al., 2021; Kunter et al., 2013; Fauth et al., 2014, 2019; Aldrup et al., 2018; Wagner
et al., 2016). These studies have demonstrated that student ratings are valid measures
of teaching quality and as suitable as external observers or teachers to assess teaching
quality (e.g., De Jong & Westerhof, 2000; Fauth et al., 2014, 2019; Kunter & Baumert,
2006). Studies show that student and teacher ratings are equally informative when
assessing classroom management (Kunter & Baumert, 2006). Student ratings, however,
are even more reliable than teachers’ self-reports with regard to cognitive activation
and student support (Kunter & Baumert, 2006). Moreover, student ratings of teaching
quality predict students’ academic engagement and motivational development better
than observer ratings (Clausen, 2002; Maulana & Helms-Lorenz, 2016).

Whereas there are numerous studies using students’ perceptions to assess teaching qual-
ity, more research is needed on differences in students’ perceptions of teaching quality
based on background variables (e.g., socioeconomic background, migration background)
(Atlay et al., 2019). Studies indicate that students’ background information should be
included as control variables in the models. The socioeconomic status of the students, for
example, is related to students’ perceptions of teacher support. In particular, more affluent
students tend to rate teachers’ support lower compared to less affluent students (Atlay et al.,
2019). A study by Wenger et al., (2020) reports similar findings, showing that the socio-
economic background and the migration background of students at the school level is pre-
dictive for teaching quality (cognitive activation, classroom management, student support).
Moreover, students’ prior achievement is related to a more positive perception of student
support (Atlay et al., 2019; Wenger et al., 2020), classroom management, and cognitive
activation (Wenger et al., 2020). Building on these results, students’ background informa-
tion should be controlled when investigating teaching quality.

6 The present investigation
In numerous countries, traditional teacher training programs fail to produce
an adequate supply of teachers to meet the teacher shortage in schools. AC

teachers present a valuable solution to address the global issue of teacher
shortages (Sutcher et al., 2019; UNESCO, 2016). However, the increasing
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number of AC teachers raises the question of whether they provide the same
quality of teaching as TC teachers, given that alternative certification programs
are shorter and less comprehensive than traditional teacher education programs.
Therefore, the purpose of this study is to investigate the differences between AC
and TC teachers in terms of teaching quality. In addition, the study also aims
to investigate possible differences between AC and TC teachers based on their
teaching experience. In the present study, we used the framework proposed by
Klieme et al., (2009), which includes three dimensions of teaching quality (i.e.,
classroom management, student support, and cognitive activation), as a key
model to examine differences in teaching quality between AC and TC teachers.
We used dual latent multilevel analyses because we had a clustered data structure
with students nested within classes.

Previous research comparing the teaching quality of AC and TC teachers is
scarce and provides inconclusive results. Most of these studies have found no
significant differences between AC and TC teachers in their teaching quality. The
few studies to date that have investigated differences in teaching quality between
AC and TC teachers assessed teaching quality differently, referred to small sample
sizes, and mainly focused on US teachers, making the findings limited in their
generalizability (e.g., Jelmberg, 1996; Mccarty & Dietz, 2011; Miller et al., 1998).
To close this gap, we addressed two research questions. The first research question
“Do AC and TC teachers differ in their teaching quality measured by classroom
management, student support, and cognitive activation?” aims to explore
general differences in teaching quality between the two groups of teachers in the
dimensions of teaching quality proposed by Klieme et al. (2009). We assumed
that students of TC teachers would rate teaching quality higher than students of
AC teachers in all three dimensions. This assumption is based on the idea that
TC teachers, due to their longer and more comprehensive traditional teacher
training, have higher competencies in these three dimensions than AC teachers
who have participated in shorter trainings. Furthermore, previous studies did not
take teaching experience as a potential moderator of teaching quality into account.
Therefore, we wanted to explore this research gap with our second research
question “Do AC and TC teachers differ in their teaching quality measured by
classroom management, student support, and cognitive activation depending
on their teaching experience?” Classroom management has been identified as a
major challenge for AC teachers, especially during their first few years of teaching
(Baeten & Meeus, 2016; Haggard et al., 2006; Huberman, 1989). Given that novice
TC teachers also report difficulties in classroom management (Voss et al., 2017),
it seems possible that novice AC teachers might face even greater difficulties since
they lack extensive teacher training. Because of this lack, we assumed that novice
AC teachers obtain lower ratings of teaching quality than novice TC teachers.
However, for experienced teachers, we expected to find no differences between AC
and TC teachers since AC teachers might be able to catch up with TC teachers
through teaching experience and the uptake of formal learning opportunities (e.g.,
professional development) as well as informal learning opportunities (sharing
material or experiences with colleagues).
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7 Method
7.1 Study design and sample

The data used in the present study were collected through the 2018 Institute for
Educational Quality Improvement Trends in Student Achievement study (Stanat et al.,
2019), a nationally representative large-scale assessment study that surveyed students’
achievement in mathematics and science (biology, chemistry, physics) at the end of
ninth grade in line with Germany’s national educational standards. Accordingly, this is
a secondary data analysis. The aim of the Trends in Student Achievement studies is to
identify the extent to which students in Germany are achieving the national educational
standards in specific subjects (e.g., mathematics, science, German, and English) and
the end of fourth or ninth grade. The studies are conducted at periodic intervals linked
to the implementation of international school performance studies and are mandatory
in all German federal states (Stanat et al., 2019). In 2018, the latest data available
at the time this manuscript was written, students in ninth grade were surveyed and
tested in mathematics and science (Stanat et al., 2019). The analyses conducted as
part of the present study were based on a subsample of 1,685 mathematics teachers
teaching 19,004 students at 1150 schools. Therefore, an advantage of this study is that
students can be matched with their teachers. The student survey included questions
about students’ sociodemographic backgrounds and the quality of teaching in their
mathematics classes. The teacher survey included questions about teachers’ gender,
type of certification, and teaching experience.

As the students surveyed were in grade 9, they are between 14 and 15 years old.
Among the students in the sample, 51% were male, 17% had a migration background
(both parents born in country other than Germany) and the average Highest
International Socio-Economic Index of Occupational Status (HISEI; Ganzeboom
et al., 1992) was 51.5. The HISEI is a statistic frequently used in international large-
scale studies to quantify the socio-economic status of the students, with higher
HISEI scores indicating higher socio-economic status (minimum 10 points and
maximum 90 points). It is calculated based on the occupations reported by both
parents (Mahler & Kolm, 2019).

The teacher sample was selected from all secondary school types in Germany,
which include schools in the academic track (Gymnasium) and the non-academic
track (e.g., Hauptschule, Realschule). Academic-track schools offer students the
opportunity to obtain university entrance qualifications (Abitur). Non-academic-
track secondary schools prepare students mainly for vocational training (Cortina &
Hoover Thames, 2013). Among the teachers in the sample, 72% were employed at
non-academic-track schools and 28% at academic-track schools. This corresponds
to the distribution of teachers in general education schools across Germany (Statista
Research Department, 2023). On average, teachers were 46 years old (SD=11.6)
and had been working as teachers for 17 years (SD=13.0). Fifty-five percent were
female.

Teachers were categorized as AC and TC teachers based on the teacher training
program they had completed. All teachers reporting that they had graduated from
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Table 1 Descriptive statistics of sociodemographic and occupational characteristics of AC and TC teachers

TC teach- AC teach- Group comparison

ers ers

% % X2 p OR
Gender (proportion female) 59.1 34.4 30.3 <0.01 0.36
School track (proportion academic-track) 30.5 29.6 <0.1 0.84 0.96
Novice teachers (<3 years of teaching experience) 16.2 242 5.7 0.02 1.66
Experienced teachers (>3 years of teaching experience) 83.8 75.8

M SD M SD F P d
Age (in years) 456 119 463 838 0.5 0.49 0.06
Novice teachers 300 4.3 397 86 1062 <0.01 1.9
Experienced teachers 48.6 104 485 7.8 0.1 0.92 0.01
Teaching experience (in years) 17.8 13.1 10.0 89 455 <0.01 0.61

N=1685 (AC teachers n= 135, TC teachers n=1550)

a traditional teaching program were classified as TC teachers. The German teacher
education system differs from other systems such as that in the USA. In Germany,
students enroll in teacher education prior to the first semester of their bachelor’s
degree and must also complete a master’s degree prior to obtaining their (traditional)
teaching certification. Teachers who reported having graduated from a program that
did not lead to a teaching degree were classified as AC teachers. In total, 51 teach-
ers did not report their type of training and were excluded from the analyses. In
total, 135 teachers were identified as AC teachers (8%) and 1550 were classified as
TC teachers (92%). This proportion is close to the number of AC teachers hired in
Germany in 2018 (13%) (KMK, 2019). Unfortunately, Germany does not provide
statistics on all AC teachers currently in the education system, but only on newly
hired AC teachers per year.

Using univariate analysis of variance and chi-square tests, we found that AC and
TC teachers differed significantly in selected sociodemographic and occupational
characteristics (Table 1). AC teachers were more likely to be male and less experi-
enced than TC teachers. This is in line with previous research on AC and TC teach-
ers in Germany (Lucksnat et al., 2022). We could also demonstrate that 15.3% of
the TC teachers and 25.4% of AC teachers are classified as novices, having less than
3 years of teaching experience. There were no differences regarding school track and
age. Upon distinguishing between novice and experienced teachers, we observed
distinct age disparities between AC and TC teachers. Specifically, novice AC teach-
ers were, on average, 10 years older than their counterparts who underwent tradi-
tional training. This age differential was not evident within the subset of experienced
teachers. As a result, we decided to include the type of certification, teachers’ gen-
der, teaching experience, and school track as covariates in the analyses. Although
there was no difference between AC and TC teachers regarding their school track,
we introduced this variable as a covariate since previous studies showed that teach-
ers and students vary across tracks (e.g., Baumert et al., 2010).
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7.2 Measures

Teaching quality Students rated the teaching quality of their mathematics teachers
in three dimensions: classroom management, student support, and cognitive acti-
vation. They rated classroom management with three items describing the degree
of classroom disruptions (Baumert et al., 2009) (e.g., “In mathematics, classes
are often disrupted.”). We recoded the items, since we wanted higher ratings to
indicate higher teaching quality. For greater precision, we henceforth refer to an
absence of classroom disruptions instead of classroom management. We evalu-
ated the items regarding their internal consistency (Cronbach’s a«=0.91). Further-
more, we computed intraclass correlations (ICC) to assess the reliability of the
aggregated variables. First, we computed the proportion of variance attributable
to the classroom level of analysis (ICC,;=0.37). Second, we calculated the reli-
ability of the classroom aggregate regarding students’ agreement within classes
(ICC,=0.85; calculated as described in Liidtke et al., 2009). According to LeB-
reton and Senter (2008), a value of ICC,>0.05 means that individual ratings
are attributable to group membership and a value of ICC,>0.70 is regarded as
acceptable. Moreover, student support consisted of five items on individual sup-
port and guidance teachers provided in class (Cronbach’s a=0.87, ICC,=0.24,
ICC,=0.75, Baumert et al., 2009) (e.g., “Our teacher is interested in the learn-
ing progress of each student.”). Finally, we used five items to measure cognitive
activation (Cronbach’s a=0.78, ICC,;=0.13, ICC,=0.60; Baumert et al., 2009)
(e.g., “Our teacher more often provides tasks where it’s not just the arithmetic that
counts, but above all the right approach.”). Students rated all items on a 4-point
Likert scale ranging from 1 (does not apply) to 4 (applies completely). Please see
the Appendix 2 for an overview of all items.

Teacher characteristics Teacher characteristics included years of teaching expe-
rience, gender (male vs. female), school track (academic vs. non-academic), and
teacher certification (AC teacher vs. TC teacher).

Student characteristics We obtained information on students’ characteristics by a
student questionnaire. Schools provided the information on students’ gender and
school track, whereas we assessed migration background based on the student ques-
tionnaire. We classified all students with both parents born in a country other than
Germany as having a migration background. To quantify the socio-economic status
of the students, we used the Highest International Socio-Economic Index of Occu-
pational Status (HISEI; Ganzeboom et al., 1992), with higher HISEI scores indicat-
ing higher socio-economic status (minimum 10 points and maximum 90 points). We
calculated the HISEI based on the occupations reported by both parents (Mahler &
Kolm, 2019). Of the students in the sample, 49% were female, 17% had a migration
background (both parents born in a country other than Germany) and the average
Highest International Socio-Economic Index of Occupational Status (HISEI; Ganze-
boom et al., 1992) was 51.5 (minimum 10 points and maximum 90 points).
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Proficiency test Students took a standardized mathematics test that was developed
by the Institute for Educational Quality Improvement (IQB) (Mahler et al., 2019).
The tasks in the test focused on attainment of the national educational standards
in mathematics defining those competencies that students are expected to achieve
at the end of compulsory education. Using a multiple matrix sampling design, all
students participating in the test received a test booklet including a subset of all 415
mathematics items used in the study. Multiple matrix design means that different
test booklets contained some of the same items. The items were thus linked directly
within a test booklet or indirectly across several test booklets. The different test
booklets were distributed randomly to the students within classes. The items were
presented in multiple choice or open response questions. The data processing can
only be described in brief since it was a complex procedure (please see Mahler et al.,
2019 for a detailed description of the process). Trained coders rated the answers as
correct or incorrect. The data were then scaled to generate a difficulty parameter for
each item. The item parameters obtained were used to determine students’ profi-
ciency scores. We derived proficiency scores for the students from a two-parameter
item response theory (IRT) model as described in Becker et al. (2019). We used the
first plausible value (PV) as an indicator of students’ mathematical proficiency as a
control variable in our analyses.! The reliability for this test was very good (Cron-
bach’s «=0.93). The dataset analyzed during the current study is available from the
corresponding author on reasonable request.

7.3 Statistical analysis

We conducted multilevel analyses since we had a clustered data structure, with stu-
dents nested within classes. We used doubly latent models as proposed by Marsh
et al. (2012) and estimated all models in Mplus 8 (Muthén & Muthén, 1998-2017)
using maximum likelihood estimation (MLE; Myung, 2003). To answer the first
research question, we conducted a set of three multilevel regression models, with
each dimension of teaching quality as a dependent variable (model la: absence of
disruptions, model 1b: student support, model lc: cognitive activation). The items
for teaching quality were standardized (M =0, SD=1). We included students’ gen-
der, migration background, HISEI, and mathematics proficiency as covariates at the
student level (level 1) as well as classroom-level aggregates for these covariates at
the teacher level (level 2). Mathematics proficiency and HISEI were standardized on
both levels and introduced as grand-mean-centered level-2 predictors. We included
these student variables since previous studies have shown that students’ achievement
(Atlay et al., 2019; Sutton et al., 2021), migration background, and socioeconomic
status (Wenger et al., 2020) are related to teaching quality. In addition, we intro-
duced teachers’ school track, gender, teaching experience (standardized), and type of
certification at level 2. To answer the second research question, we slightly changed

' In order to check the robustness of our results, we estimated the models again with the second and
third plausible values. All of the results remained the same. We conclude that using the first plausible
value is suitable for indicating students’ math proficiency.
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Table 2 Descriptive statistics of teaching quality for different groups of teachers (manifest indicators)

N Absence of disrup-  Student support Cognitive
tions activation
M SD M SD M SD
Total teacher sample 1685 2.68 0.57 2.87 0.42 2.83 0.25
TC teachers 1550 2.69 0.57 2.87 0.43 2.84 0.25
AC teachers 135 2.59 0.58 2.86 0.39 2.83 0.24
Novice TC teachers 244 2.61 0.51 2.94 0.40 2.84 0.26
Experienced TC teachers 1266 2.70 0.58 2.86 0.43 2.84 0.25
Novice AC teachers 32 2.40 0.54 2.84 0.40 2.76 0.25
Experienced AC teachers 100 2.66 0.59 2.87 0.39 2.85 0.24

Teaching quality was rated by students on a scale from 1=fully disagree to 4=fully agree. The values
represent classroom aggregates. AC =alternatively certified, TC =traditionally certified, novice=up to
3 years of teaching experience, experienced =more than 3 years of teaching experience

the models. Instead of teachers’ experience and type of certification, we included
three dummy-coded variables according to the career stage model of Huberman,
(1989). We had to exclude 43 (2.6%) cases from this grouping since their teaching
experience was missing: novice AC teachers with up to 3 years of teaching expe-
rience (n=32; 1.9%), novice TC teachers with up to 3 years of teaching experi-
ence (n=244; 14.5%), experienced AC teachers with more than 3 years of teaching
experience (n=100; 5.9%), and experienced TC teachers with more than 3 years of
teaching experience (n=1266; 75.1%). Thus, to answer the second research ques-
tion, we conducted a second set of models with novice TC teachers as the reference
group (model 2a—2c), and in a third set of models, we considered experienced TC
teachers as the reference group (model 3a—3c). These two reference groups make it
possible to compare novice AC teachers with novice TC teachers as well as experi-
enced AC teachers with experienced TC teachers. We also checked the proportion
of missing data for each variable. On average, 2.7% of all responses were missing
for teachers and 7.7% for students. To account for the missing data, we opted for
full information maximum likelihood (FIML) estimation in all our analyses, a rec-
ommended method compared to alternatives such as listwise or pairwise deletion
(Graham, 2012). Because FIML uses information from the existing data to obtain
realistic estimates for the missing values, aggregates for the classroom-level could
be calculated without missing values but with the estimated values. Thus, there were
no missing data for classroom-level aggregates of individual student data.

8 Results
Prior to addressing the main research questions, we present a concise summary of

the descriptive statistics pertaining to the measures of teaching quality, namely,
absence of disruptions, student support, and cognitive activation. These statistics
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have been detailed comprehensively in Table 2 and are segmented not just for AC
and TC teachers, but further distinguished between novice and experienced teach-
ers within each category. A cursory examination of the data reveals only marginal
differences between AC and TC teachers, especially notable in the dimension of
absence of disruptions. When examining the subsets of novice and experienced
teachers, nuanced differences become apparent. Specifically, there are slight vari-
ations in Absence of disruptions for both AC and TC teachers, in Student support
among TC teachers, and in Cognitive activation for AC teachers. These initial
observations set the stage for a more profound exploration and interpretation of
the results that ensue. These preliminary insights lay the groundwork for the sub-
sequent in-depth analyses that follow.

To investigate whether AC and TC teachers differ in their teaching quality
(research question 1), we conducted doubly latent multilevel analyses (Table 3).
The results show that the teachers’ type of certification does not explain a signifi-
cant amount of variance in the absence of disruptions (f=0.08, p > 0.05), in stu-
dent support (f=0.05, p>0.05), and in cognitive activation (p=0.04, p > 0.05).
In other words: students of AC teachers rated teaching quality as high as stu-
dents of TC teachers, controlling for the variables shown in Table 3. Teaching
experience is positively related to the absence of disruptions (p=0.05, p <0.01)
but negatively related to student support (= —0.07, p<0.01), and there is no
significant effect for cognitive activation (= —0.01, p>0.05). This means that
students with experienced teachers report fewer disruptions to their mathematics
lessons but also feel less individually supported than students of novice teachers.
We also found that school track is negatively related to teaching quality (Table 2).
Students at non-academic track schools reported lower teaching quality than stu-
dents in schools with an academic track. We report all regression models without
control variables for research question 1 in Appendix 1.

To answer the second research question, we estimated two additional sets of
multilevel regression models excluding teachers’ type of certification and teach-
ing experience as single variables but introduced dummy variables combining
both type of certification and teaching experience. In the first set of regression
models, we used novice TC teachers as the reference group. The results in Table 4
show that novice AC teachers obtained significantly lower ratings of student sup-
port compared to novice TC teachers (p= —0.20, p <0.05). There were no sig-
nificant differences for absence of disruptions (p= —0.21, p>0.05) or for cogni-
tive activation (f= —0.13, p>0.05) between novice AC and novice TC teachers.
Moreover, students of experienced TC teachers reported feeling less individually
supported (B= —0.12, p<0.01) than students of novice TC teachers. In contrast,
students of experienced TC teachers reported fewer classroom disruptions than
students of novice TC teachers (B=0.13, p<0.01).

In the second set of additional regression models for research question 2, we
used experienced TC teachers as the reference group. The results in Table 5 show
that there is no difference in teaching quality between experienced AC and expe-
rienced TC teachers. Students of novice AC teachers reported more classroom
disruptions than students of experienced TC teachers (f= —0.34, p <0.01).
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Table 3 Results of the multilevel regression analyses: teacher characteristics as predictors of teaching
quality (unstandardized regression coefficients, standard error, model fit information)

Predictors Absence of Student support Cognitive activation
disruptions model 1b model 1c
model 1a
B (SE) B (SE) B (SE)

Student level

Mathematics proficiency 0.02 (0.01) 0.11%* (0.01) 0.12%* (0.01)
Migration background (1 =both 0.05%* (0.02) 0.06** (0.02) 0.01 (0.02)
parents born in a country other than
Germany)
Socioeconomic status 0.01 (0.01) —0.02* (0.01) —0.02*%* (0.01)
Gender (1 =female) —0.04** (0.01) 0.02 (0.01) 0.07** (0.01)
Classroom level
Student characteristics
Mathematics proficiency 0.23%%* (0.03) —0.02 (0.02) 0.04* (0.02)
Migration background 0.09 (0.07) 0.03 (0.06) 0.05 (0.05)
Socioeconomic status —0.04 (0.02) —0.02 (0.02) —-0.02 (0.01)
Gender 0.12 (0.07) —0.04 (0.06) —0.04 (0.05)
Teacher characteristics
Gender —0.01 (0.03) 0.03 (0.06) —0.03 (0.02)
Teaching experience 0.05%* (0.02) —0.07** (0.01) —0.01 (0.01)
School track (1 =academic track) —0.14*%* (0.05) —0.20** (0.04) —0.08* (0.04)
Certification (1 =traditional certifica- 0.08 (0.06) 0.05 (0.04) 0.04 (0.03)
tion)
R? (within) 0.00 (0.00) 0.03 (0.01) 0.03 (0.01)
R? (between) 0.11 (0.02) 0.12 (0.02) 0.02 (0.01)
Xz 158.04 640.92 786.39
Df 26 62 62
p <0.01 <0.01 <0.01
CFI 0.99 0.98 0.95
RMSEA 0.01 0.03 0.03
SRMR between 0.02 0.06 0.09
SRMR within 0.01 0.02 0.02

*p <0.05, **p <0.01

9 Discussion

Two research questions guided this paper. First, we investigated whether AC and TC
teachers differ in their teaching quality. Second, we explored whether experienced
and novice AC as well TC teachers differ in their teaching quality. It is important to
note that our data focus on teachers and students as they teach and learn mathemat-
ics. Regarding the first research question, we found that AC and TC teachers did not
differ significantly in any of the three dimensions. Regarding the second research
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Table 4 Results of the multilevel regression analyses: interaction of teaching experience and certification
as predictors of teaching quality with novice TC teachers as reference group (unstandardized regression
coefficients, standard error, model fit information)

Predictor Absence of Student support Cognitive activation
disruptions model 2b model 2¢
model 2a
p (SE) P (SE) p (SE)

Student level

Mathematics proficiency 0.02 (0.01) 0.11** (0.01) 0.12** (0.01)
Migration background (1 =both 0.05%* (0.02) 0.06** (0.02) 0.01 (0.02)
parents born in a country other than
Germany)
Socioeconomic status 0.01 (0.01) —0.02* (0.01) —0.02** (0.01)
Gender (1 =female) —0.04#*(0.01) 0.02(0.01) 0.07** (0.01)
Classroom level
Student characteristics
Mathematics proficiency 0.22%* (0.03) —0.01 (0.02) 0.04* (0.02)
Migration background 0.06 (0.07) 0.08 (0.06) 0.06 (0.05)
Socioeconomic status —0.04* (0.02) —0.01 (0.02) —0.02 (0.01)
Gender 0.12 (0.07) —0.04 (0.06) —0.04 (0.05)
Teacher characteristics
Gender 0.00 (0.03) 0.01 (0.02) —0.04 (0.02)
School track (1 =academic track) —0.12* (0.05) —0.22%* (0.04) —0.08* (0.03)
Novice AC teachers —-0.21(0.11) —0.20* (0.08) —0.13 (0.08)
Experienced AC teachers 0.07 (0.06) —0.08 (0.05) —0.03 (0.04)
Experienced TC teachers 0.13** (0.04) —0.12** (0.03) 0.02 (0.03)
R? (within) 0.00 (0.00) 0.03 (0.00) 0.03 (0.01)
R? (between) 0.11 (0.02) 0.10 (0.02) 0.03 (0.01)
X2 146.46 636.43 781.09
df 28 66 66
)4 <0.01 <0.01 <0.01
CFI 0.99 0.98 0.95
RMSEA 0.02 0.02 0.03
SRMR between 0.02 0.05 0.09
SRMR within 0.01 0.02 0.02

AC =alternatively certified, TC=traditionally certified, novice=up to 3 years of teaching experience,
experienced =more than 3 years of teaching experience.

question, differential findings emerged. First, we found that students of novice TC
teachers feel more individually supported than students of novice AC but also expe-
rienced TC teachers. Second, students of novice AC and TC teachers reported more
frequent classroom disruptions than students of experienced TC teachers. Experi-
enced AC and TC teachers did not differ in the absence of classroom disruptions.
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Table5 Results of the multilevel regression analyses: interaction of teaching experience and certifica-
tion as predictors of teaching quality with experienced TC teachers as reference group (unstandardized
regression coefficients, standard error, model fit information)

Predictor Absence of Student support Cognitive activation
disruptions model 3b model 3¢
model 3a
p (SE) P (SE) P (SE)

Student level

Mathematics proficiency 0.02 (0.01) 0.11** (0.01) 0.12** (0.01)
Migration background (1 =both 0.05* (0.02) 0.06** (0.02) 0.01 (0.02)
parents born in a country other than
Germany)
Socioeconomic status 0.01 (0.01) —0.02* (0.01) —0.02** (0.01)
Gender (1 =female) —0.04#* (0.01) 0.02(0.01) 0.07** (0.01)
Classroom level
Student characteristics
Mathematics proficiency 0.22%* (0.03) —0.01 (0.02) 0.04* (0.02)
Migration background 0.06 (0.07) 0.08 (0.06) 0.06 (0.05)
Socioeconomic status —0.04* (0.02) —0.01 (0.02) —-0.02 (0.01)
Gender 0.12 (0.07) —0.04 (0.06) —0.04 (0.05)
Teacher characteristics
Gender 0.00 (0.03) 0.01 (0.02) —0.04 (0.02)
School track (1 =academic track) —0.12* (0.05) —0.22%* (0.04) —0.08* (0.03)
Novice AC teachers —0.34%*(0.11) —0.08 (0.08) —0.10 (0.08)
Experienced AC teachers —0.06 (0.06) 0.04 (0.05) 0.00 (0.04)
Novice TC teachers —0.13** (0.04) 0.12** (0.03) 0.02 (0.03)
R? (within) 0.00 (0.00) 0.03 (0.01) 0.03 (0.01)
R? (between) 0.11 (0.02) 0.10 (0.02) 0.03 (0.01)
X2 146.46 636.43 781.09
df 28 66 66
)4 <0.01 <0.01 <0.01
CFI 0.99 0.98 0.95
RMSEA 0.02 0.02 0.03
SRMR between 0.02 0.05 0.09
SRMR within 0.01 0.02 0.02

AC =alternatively certified teachers, TC =traditionally certified teachers, novice=up to 3 years of teach-
ing experience, experienced =more than 3 years of teaching experience

#p <0.05, **p <0.01

9.1 Teacher training does not make a difference in teaching quality

In most previous studies, the type of certification did not make a difference in teach-
ing quality (Hill et al., 2015; Mccarty & Dietz, 2011; Miller et al., 1998). The pre-
sent study’s findings are in line with most of the research since we also found no
differences between AC and TC teachers in the quality of their teaching. That is, the
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AC teachers in our sample provided similar teaching quality to TC teachers. From
our point of view, there are two possible explanations for this finding.

First, traditional teacher education programs do not prepare prospective
teachers in a way that would bring differences in teaching quality between AC
and TC teachers to light. This result challenges the accountability and the qual-
ity of today’s design of traditional teacher education programs. Our findings
provide a starting point for answering questions about the effectiveness of tra-
ditional teacher education programs. However, they are not sufficient to provide
a comprehensive answer. We need more evidence from future studies on the
quality of traditional teacher education programs. Grossman and Pupik Dean
(2019) noted that university teacher education programs in the USA have been
criticized for focusing more on building knowledge than on teaching core prac-
tices. This also applies to the German context (Terhart, 2019). This argument is
further substantiated by studies reporting a reality shock experienced by novice
TC teachers when optimistic ideals developed during university teacher educa-
tion collapse and the reality of teaching in the classroom sets in (Dicke et al.,
2015; Voss & Kunter, 2020). In response to these and similar findings, there
has been a shift in traditional teacher education programs from focusing solely
on knowledge building to placing more attention on core practices (Grossman
& Pupik Dean, 2019). According to Ball and Forzani (2009), core practices are
tasks and activities that are fundamental for beginning teachers to carry out
important instructional responsibilities (e.g., leading a discussion of solutions
to a problem, probing students’ answers). However, implementing core prac-
tices in teacher education programs brings with it an array of challenges. One
major problem is developing common ground and reaching a consensus around
the practice of teaching (Grossman & Pupik Dean, 2019). Teacher education
programs attempt to address the importance of core practices by providing
opportunities to practice in school, yet they often fail to focus on certain core
practices (Forzani, 2014). Teacher education programs tend to be structured
more around broader domains of teaching (e.g., content methods or educational
psychology), which means that aspiring teachers have few opportunities to try
out certain core practices (Forzani, 2014). According to Forzani, (2014), the
length of time that trainees spend in the field plays a minor role, since begin-
ning teachers “might spend months in student teaching [...] and never learn
how to lead a productive class discussion, for example, because this practice
has not been clearly identified as something to learn” (p. 358).

A second explanation for the equivalent levels of teaching quality might be that
the measures we used in this study were not able to shed light on differences in
teaching quality caused by completing or not completing traditional teacher train-
ing. As Grossman & Pupik Dean, (2019) have pointed out, most teacher education
programs mainly focus on building knowledge, and several studies have shown the
positive link between teacher education programs and the development of knowl-
edge (e.g., Torbeyns et al., 2020; Evens et al., 2017; Kleickmann et al., 2013). How-
ever, our measures did not focus on teachers’ knowledge but on their behavior in the
classroom or the consequences of this behavior.
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Despite the fact that there is no difference in teaching quality between
AC and TC teachers, we were able to show a strong relationship between the
absence of classroom disruptions and students’ mathematical performance at
the classroom level, which highlights the importance of classroom manage-
ment as a necessary and core skill for teachers. More importantly, the current
results show that this relationship is stronger when compared to cognitive acti-
vation and student support. In light of our findings, classroom management
courses should be developed and made a standard part of teacher education
programs for both TC and AC teachers. Universities should empirically evalu-
ate these courses to make their effects visible so that other universities can
compare their results. Schools could also support the improvement of class-
room management skills by creating opportunities for novice and experienced
teachers to work together.

9.2 Teaching experience does make a difference in teaching quality

Although we could not find significant differences in teaching quality regard-
ing teachers’ type of certification, we did find that teaching experience makes a
difference in the absence of classroom disruptions and in the provision of stu-
dent support. We found that students of experienced TC teachers reported fewer
classroom disruptions than students of novice teachers. This result applies to AC
teachers as well as to TC teachers. We see different possible explanations for
these findings.

The difficulties in managing a classroom appropriately may be a result of the
neglect of teaching classroom management techniques in teacher education pro-
grams (Thiel et al., 2020). In addition, there are limited opportunities for pro-
spective teachers to practice classroom management before they take over their
own classroom as a novice teacher. While internships are available for prospec-
tive teachers, these environments may not always replicate authentic classroom
situations. The presence of mentor or supervising teachers can alter the class-
room dynamics, potentially limiting the hands-on experiences available to pre-
service teachers.

Secondly, novice teachers have difficulties recognizing disruptions in the
classroom. Previous studies have shown that experienced teachers are able to
monitor the whole classroom more evenly and are able to prevent disruptions
in the classroom (Cortina et al., 2015; Huang et al., 2021a; Wolff et al., 2016).
In contrast, novice teachers tend to focus more on individual students and nar-
rower areas (Emmer & Gerwels, 2006; Huang et al., 2021a; Thiel et al., 2020;
van den Bogert et al., 2014). Moreover, they either recognize the disruptive
behaviors too late or not at all, and if they do, they have difficulties focusing
on both the source of the disruption and the rest of the classroom (van den
Bogert et al., 2014).
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Another possible explanation for the finding that experienced teachers can
create a learning environment with fewer disruptions than novice teachers is
that teachers acquire pedagogical knowledge and skills on the job over time.
A study by Kyndt et al. (2016) showed that informal learning activities, such
as sharing ideas, experimenting, and collaborating with colleagues, have a
positive impact on the development of classroom management strategies. Over
time, teachers acquire more sophisticated and contextualized knowledge of the
events taking place in the classroom, and thus learn to better apply their peda-
gogical knowledge to specific types of events and students (Wolff et al., 2016).
This seems to apply equally to AC and TC teachers.

Moreover, we found that novice TC teachers had significantly higher ratings
for student support compared to experienced TC teachers but also compared to
novice AC teachers. This finding can possibly be explained by the age of the
different groups. On average, novice TC teachers are 30 years old. In contrast,
novice AC teachers are 40 years old, and experienced AC as well as TC teachers
are 49 years old on average. It can be assumed that students feel more supported
by younger teachers because the age difference is smaller. Studies in higher edu-
cation have shown that students perceive younger educators to be more help-
ful and interested in their work than older educators (Clayson, 2020; Wilson
et al., 2014). These finding may support our hypothesis that younger teachers,
in our case the novice TC teachers, offer more comprehensive student support
than older teachers. Another way of looking at this difference is to use Huber-
man’s (1989) model of the career stages. In this model, Huberman (1989) distin-
guishes five different stages, of which stage four may be the most important in
explaining the lower level of social support for experienced teachers. Stage four,
which includes teachers with 19 to 30 years of experience, is a phase in which
teachers have reached a level of competence and stability in their careers. They
focus more on refining their teaching practice rather than trying new approaches
in the classroom. This can result in a less dynamic teaching style, which can
affect their ability to engage and support pupils who could benefit from more
diverse teaching methods. In addition, the increasing intergenerational differ-
ences between teachers and their students become more pronounced at this stage
(Huberman, 1989).

9.3 School tracking does make a difference in teaching quality

In addition to identifying a significant disparity in teaching quality based on teach-
ers’ experience, we also found that teaching quality differs between school tracks.
Students at non-academic track schools reported significantly lower teaching quality
than students at academic track schools. This is in line with previous research that
showed that academic track schools are more successful than non-academic track
schools in teaching mathematics (Becker et al., 2007). Furthermore, studies high-
light the differences in teaching quality between tracks. A study by Donaldson et al.
(2017) showed that student receive less support in lower tracks than in higher tracks.
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9.4 Strengths and limitations of the study

The present paper has several methodological and content-related strengths.
First, we used large-scale data with a sample of secondary schools from all
of Germany’s federal states including not only novice but also experienced
AC teachers of a high-need subject. Second, we utilized different sources
of data, such as teacher and student surveys as well as proficiency tests. To
answer our research questions, we applied multilevel analyses using a dou-
bly latent modelling approach and took control variables such as teachers’ and
students’ characteristics as well as student achievement into account. In addi-
tion to these methodological aspects, our paper identified possible predictors
of teaching quality, thus expanding the existing body of research not only on
teaching quality but also on AC teachers. In addition to previous studies on
teaching quality of AC teachers, we expanded our focus and took both certifi-
cation and teaching experience into account.

Despite these strengths of our study, it also has some limitations that should
be considered when interpreting the results. First, our data on teaching quality
were only reported by students about their mathematics teachers. It is therefore
reasonable to assume that the results may only have implications for mathemat-
ics teachers. However, we believe that the results of this study could have pos-
sible implications for other subjects, as we used a framework that covers teach-
ing quality in general. Even though our framework covers more general aspects
of teaching quality, it can be regarded as a specific framework of teaching qual-
ity that has been used widely in other studies in the German context (e.g., Fauth
et al., 2019) since it often considers only selected aspects of the three dimen-
sions of teaching quality. For example, for classroom management, we only had
data on the absence of disruptions in the classroom. However, other aspects of
classroom management such as effective time use or monitoring could be taken
into account in future studies (Voss et al., 2022). To get a more detailed look
at teaching quality, future research could draw on other theoretical frameworks.
For example, Praetorius et al. (2020) developed a new framework combining
models of the three dimensions of teaching quality (Klieme et al., 2009) with
models that are frequently used in other countries. Their framework proposes
seven dimensions of teaching quality including additions of subject-specific as
well as generic aspects of teaching. Since this framework also includes aspects
of practice as well as the selection and thematization of content, it goes beyond
the three dimensions of teaching quality. However, this framework must be
tested for validity in future studies.

Third, we have no information about the teachers’ previous knowledge or
beliefs, making it impossible to explain the non-existent differences with ref-
erence to other teacher aspects besides the ones we used. We believe that it
is not unlikely that AC teachers already acquired relevant skills in previ-
ous university programs that are relevant for teaching quality. This leads us
to the third limitation, namely that we do not have any information about the
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contents of the training AC teachers had completed before starting to teach.
Although this information would provide more detailed insight into the extent
to which specific programs promote teaching quality, it would be difficult to
compile an overview of the programs’ contents since the certification programs
for AC teachers in Germany differ between and within federal states, and the
content of the various programs is not always publicly accessible (Driesner &
Arndt, 2020). Finally, we cannot make causal claims since our research design
is cross-sectional, and we do not know how long the teachers had taught the
classes in our sample. Future research on AC teachers’ teaching quality should
therefore also ask how long teachers had spent teaching the specific class or
learning group.

9.5 Implications for research and practice

Based on our findings, we can draw several implications for both research
and practice. Firstly, future studies should identify possible reasons for the
non-existent differences in classroom management and cognitive activation
between novice AC and TC teachers. One possible starting point could be to
investigate how and to what extent teacher education programs promote com-
petencies in these dimensions of teaching quality. Another approach could be
to identify other prior experience or knowledge of AC teachers (e.g., work
as a substitute teacher) that might have a positive impact on their teaching
quality.

Our research shed light on how AC and TC teachers differ in their teaching qual-
ity. However, little is known about teachers who are not certified and therefore teach
without any pedagogical training. Consequently, a subsequent avenue for research
would be the examination of these “lay teachers.” An exploration into how they con-
trast with TC and AC teachers in facets such as competence, motivation, and teach-
ing quality is warranted.

Thirdly, we found differences between novice teachers and experienced
teachers in classroom management, and also found that TC novice teachers
provide better student support. Previous studies have highlighted the positive
relationship between student achievement and classroom management as well
as cognitive activation and the positive relationship between student inter-
est and student support (e.g., Fauth et al., 2014). Based on these findings,
we first argue that research should focus more on what students learn when
taught by novice teachers compared to experienced teachers, since the two
groups differed in their teaching quality. These studies should be longitudi-
nal and take students’ prior knowledge as well as AC teachers’ knowledge
and motivation into account. In addition to cognitive student outcomes, stud-
ies could also focus on students’ motivational (e.g., interest in the subject
taught) or emotional outcomes (e.g., anxiety) when taught by AC teachers.
These studies would give more detailed insight into the effect of AC teachers
on cognitive and motivational as well as emotional student outcomes.
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In terms of practical implications, a relevant question that needs to be
addressed is whether current teacher education programs in Germany provide
the desired added value in terms of classroom management, given that the nov-
ice teachers in our sample received lower classroom management ratings than
experienced teachers. The findings from our study can serve as a starting point
for examining the effectiveness of these programs and identifying areas where
improvements may be needed. Lessons learned from experienced teachers’
classroom management practices should be incorporated into teacher educa-
tion curricula to better prepare beginning teachers. This could include linking of
effective classroom management strategies of experienced teaches to the devel-
opment of specific training modules for prospective teachers. Thus, we suggest
that teacher education programs and programs for alternative certification should
include more opportunities to learn classroom management skills, since class-
room management is known to be difficult for beginning teachers (Thiel et al.,
2020). Teacher education programs, however, often lack training to promote these
specific skills (Thiel et al., 2020). However, some universities have decided to
offer training using different approaches to support classroom management skills
(for an overview of possible approaches, see Christofferson & Sullivan, 2015).
Whereas the video-based training developed by Thiel et al. (2020) has the goal of
strengthening “preservice teachers’ skills in noticing, reasoning, and generating
strategies to deal with disruptions in the classroom” (p. 2), other forms of train-
ing use virtual reality classrooms to teach classroom management skills (Huang
et al., 2021b).

10 Conclusion

The present study investigated differences in teaching quality between alter-
natively and traditionally certified teachers. We identified two overarching
results. First, we found no differences in the absence of classroom disrup-
tions, in the provision of student support, or in cognitive activation in rela-
tion to teachers’ certification status. Second, with a more detailed approach,
we showed that students of novice AC and TC teachers reported more class-
room disruptions compared to students of more experienced TC teachers.
Therefore, both traditionally and alternatively certified beginning teachers
need more opportunities to acquire classroom management skills, both during
their certification programs and on the job. Finally, our results challenge the
accountability of traditional teacher education programs and thus call for an
investigation of their quality.
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Appendix 1

Table 6 Results of the multilevel regression analyses: teacher certification as predictor of teaching qual-
ity without covariates (unstandardized regression coefficients, standard error, model fit information)

Predictors Absence of disruptions Student support model ~ Cognitive

model la 1b activation
model 1c

B (SE) B (SE) p (SE)

Classroom level

Teacher characteristics

Certification (1 =traditional 0.12%* (0.05) 0.01 (0.04) 0.03 (0.03)

certification)

R? (within) - - -

R? (between) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

x> 51.36 320.24 315.43

Df 4 18 18

P <0.01 <0.01 <0.01

CFI 0.99 0.99 0.98

RMSEA 0.03 0.03 0.03

SRMR between 0.03 0.05 0.04

SRMR within 0.01 0.02 0.02

#p<0.05, #*p <0.01

Appendix 2

Items for the three dimensions of teaching quality.

Classroom management

What is it like in your mathematics lessons?

a) In mathematics, classes are often disrupted.
b) In mathematics, there’s constant loud chatter.

¢) In mathematics class, nonsense is continually done.

Student support

How much do the following statements apply to your mathematics lessons?
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a) Our teacher is interested in the learning progress of each student.
b) Our teacher gives us extra support when we need help.

¢) Our teacher supports us in our learning.

d) Our teacher explains something until we understand it.

e) Our teacher gives us the opportunity to express our opinions.

Cognitive activation
How does your math teacher go about teaching?

a) Our teacher assigns various tasks on a topic to ascertain if we’ve truly grasped
the mathematical concept.

b) Our teacher modifies tasks to show what we’ve understood.

c) Our teacher more often provides tasks where it’s not just the arithmetic that
counts, but above all the right approach.

d) When we practice in math, we often apply what we have learnt to other things.

e) Among the practice tasks in math class, there are often tasks that genuinely indi-
cate whether we’ve understood something.
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