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Schools and teaching aim at fostering multidimensional learning goals. For attaining

these goals, institutional effects such as school tracking as well as teaching quality play

an important role and interact with each other. Using representative data from a class

based German extension of the PISA 2012 study, the present study first investigated

whether the factorial structure of three basic dimensions of teaching quality (cognitive

activation, classroom management, and teacher support) in mathematics is comparable

across high and low school tracks and tested whether tracks differed in students’

perception of mathematics teaching quality. Second, differences between school tracks

in the relationship between teaching quality and multidimensional learning goals, namely

mathematics competence, interest, and self-efficacy were examined. Results indicated

that students in both school tracks distinguish between three dimensions of teaching

quality and that the factorial structure is comparable across tracks. Students at higher

school tracks report higher levels of discipline but lower levels of teacher support.

No difference has been found for cognitive activation. In association with different

learning goals, tracks show individual profiles. Mathematics competence was related

to classroom discipline on the student level in lower school tracks and on the class

level at the Gymnasium. Mathematics interest was, on the student level, in both tracks

associated with teacher support and discipline. In addition, in lower school tracks a

cognitive activating learning environment was associated with more interest. High levels

of mathematics self-efficacy were in both school tracks reported by students who

perceived their lessons as cognitive activating. In addition, at the Gymnasium, students

who felt more supported by their mathematics teachers reported higher levels of self-

efficacy. The results speak clearly for the assumption of school tracks as differential

learning environments. They ask for a differentiated view of teaching quality and its impact

on reaching multidimensional learning goals in order to meet students’ needs specifically

and deal with increasing classroom heterogeneity.

Keywords: multidimensional goals, teaching quality, classroom management and discipline, teacher support,

cognitive activation, mathematics, tracking, PISA 2012
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INTRODUCTION

Schools and teaching do not only aim to foster knowledge,
but also to develop students’ specific interests and realistic self-
views. Together with cognitive competencies, these outcomes
not only form the foundation of lifelong learning processes
but also influence career decisions, educational attainment, and
labor market success (cf. Schiepe-Tiska et al., 2016b). Fostering
different goals is particularly important for STEM fields (science,
technology, engineering, and mathematics) as the shortage of
skilled young people–especially among females–has become a
concern in recent years (European Commission, 2007). For
example, in mathematics, in particular girls who show high
levels of competencies but only little interest in mathematics
less frequently pursue careers that require a deeper mathematical
understanding (Eccles, 2007).

However, learning mathematics rarely happens in informal
contexts–the classroom provides the main learning opportunities
not only for developing mathematics competence but
also for fostering interest and self-efficacy. Models of
teaching and learning postulate that the quality of learning
opportunities depends on the quality of teachers’ instruction
(Hattie, 2009). Recent research has merged on three generic
dimensions of teaching quality: Cognitive activation, classroom
management, and teacher support (cf. Praetorius et al., 2018).
However, institutional effects of schools such as tracking
also influence the achievement of different learning goals
(Dumont et al., 2013). Establishing different schools or
classes that group students with regard to their abilities
affects the provided learning opportunities, the actual work,
and the learning conditions. Thus, tracking interacts with
the dimensions of teaching quality. However, although this
interplay is well-known, most studies on teaching quality
use tracking rather as a control variable. The moderating
effect of school tracks as differential learning environments
on multidimensional goals has rarely been the focus of
attention.

One commonly used approach for assessing teaching quality
are student questionnaires as they provide an economic and
easy way to gather information not on the offered but the
perceived learning opportunities. Nevertheless, particularly when
students are part of different groups such as school tracks,
using student questionnaires raises critical questions about the
validity of these ratings. Hence, testing the comparability of
student ratings across groups needs to be an important first step
before examining relationships with multidimensional learning
goals. Although differences between school tracks in teaching
quality are frequently reported on descriptive level, key aspects
of construct validity are hardly tested.

Therefore, this paper used data from a class based German
extension of the PISA 2012 study (Programme for International
Student Assessment) and examined two questions: (1) is
the factorial structure of basic dimensions of instructional
quality comparable across high and low school tracks, and (2)
are there differential profiles between school tracks in their
mathematics teaching quality as well as their relationship with
multidimensional learning goals.

SCHOOL TRACKS AS DIFFERENTIAL
LEARNING ENVIRONMENTS

Around the world, most educational systems eventually
group students with regard to their abilities (OECD, 2013). The
underlying idea for all of these attempts is to create homogenous
learning environments that enable teachers to provide teaching
instructions that meet students’ needs specifically in order to
better support all students (cf. Betts, 2011). However, educational
systems differ in the age of separation and whether they group
students into different schools or within a school into different
tracks, separate classes, or within classes. For example, in
Germany, students are distributed to different schools by the
end of grade 4 or 6. In most of the German states, students
change to an academic school track (“Gymnasium”) in order
to achieve a general higher education entrance qualification
or to a non-academic, more vocational oriented secondary
school track with the aim of a general education school leaving
certificate. The assignment of students to a school track is
associated with their prior achievement and social background,
which leads to a more heterogeneous student body at the
non-academic school track (Dumont et al., 2013). However,
school tracks do not only differ in the student body but most
importantly in their curricula, work and learning conditions as
well as their underlying pedagogical and didactical traditions.
In Germany, this had historically led to two types of teacher
education (cf. Baumert et al., 2010). While the teacher training
for the Gymnasium focuses more on subject specific content
knowledge and scientific propaedeutical procedures, the training
for non-academic school tracks emphasizes a more practical
oriented approach with a strong pedagogical orientation.

With regard to multidimensional learning goals, although
the aim of ability grouping is to adapt teaching strategies to
the specific needs of students more easily, the mere effect
of ability grouping on achievement is low (cf. Hattie, 2009).
Hattie concluded that tracking is less important but that good
educational practices would benefit students in homogenous and
heterogeneous classes. For motivational-affective learning goals,
the effects of tracking are mostly examined in the framework
of the Big-Fish-Little Ponds Effect showing that being placed
in high-achievement groups can have negative effects for self-
concept and interest because of unfavorable upward social
comparisons (Marsh, 2007). However, a joint effect of tracking
and teaching qualities has hardly been examined.

BASIC DIMENSIONS OF TEACHING
QUALITY

Prominent models of teaching quality– although they use
different terminologies –describe three generic dimensions of
instruction in mathematics: Classroom management, teacher
support, and cognitive activation (Pianta and Hamre, 2009;
Walshaw and Anthony, 2017; Praetorius et al., 2018). Classroom
management aims to use the provided learning time efficiently
by establishing a clear structured and low-noise learning
environment (Kounin, 1970). One key aspect is classroom
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discipline, which does not only aim to react to disturbances, but
also focuses on using preventative strategies. Teacher support
refers to how teachers align their teaching to the needs and
goals of students (Pintrich et al., 1993). Their interest in
students’ learning progress as well as to registering and talking
about problems sensitively, creates a positive learning climate.
Cognitive activation refers to the degree of cognitive challenge
in the lesson and the activation of higher order thinking (Klieme
et al., 2001). While activating students’ prior knowledge, they are
encouraged to think more deeply about mathematical contents
by exploring the results of tasks autonomously and monitoring
their solving progress.

With regard to school track differences, descriptive results
from the TIMSS-video study revealed that teachers most likely
used elements of cognitive activation at the Gymnasium (Klieme
et al., 2001). In the lowest school track (“Hauptschule”), teachers
focused more on rehearsing procedures. However, when students
were asked about their perception of cognitive activation in math
classrooms, the results were mixed. In some studies, students at
the lowest school track also reported lower levels of cognitive
activation (Gruehn, 2000). Others revealed that students at the
lowest school track even reported higher levels of cognitive
activation (Kunter et al., 2005). At the Gymnasium, lessons
were also more efficiently managed but teachers provided less
learning support as compared to lower school tracks (Kunter
et al., 2005; Schiepe-Tiska et al., 2013). Although all of these
studies assumed that the assessed constructs showed the same
measurement structure in both tracks and thus, teaching qualities
could be compared, none of them had tested this assumption
empirically.

STUDENT RATINGS OF TEACHING
QUALITY

In order to assess teaching quality, different approaches exist;
each has its advantages and disadvantages. Student ratings are
one possible, economic way as they provide information not on
the offered, but on the perceived learning opportunities, which
have higher predictive power for students’ learning outcomes
as compared to teacher ratings (Wagner et al., 2016). These
ratings represent an aggregated and thus more long-term view on
teaching as compared to observations, which often refer to single
or a few lessons (Praetorius et al., 2014). Student ratings can
be aggregated on the class level in order to distinguish between
the individual perception of students and the perception of the
shared learning environment (Lüdtke et al., 2009). However, on
the other hand, student ratings have also been suspected to be
biased by individual idiosyncracies (Kunter and Baumert, 2006)
and teacher popularity (Fauth et al., 2014).

Two of the most important concerns with regard to
their construct validity are (a) whether students are able to
discriminate between different components of teaching quality
on the individual and class level (dimensionality) and, (b)
whether the instruments assess the same constructs across
different groups (generalizability) and thus, allow for meaningful
mean comparisons. Previous studies confirmed the assumed

three-dimensional structure of teaching quality on the class and
individual level (e.g., Fauth et al., 2014; Schiepe-Tiska et al.,
2016a), but they did not consider different groups of respondents.
For generalizability, thus far, teaching quality has only been
compared across subjects (Wagner et al., 2013). In English
and German lessons teaching quality was only comparable for
classroom organization but not for emotional support.

THE RELATIONSHIP BETWEEN
MULTIDIMENSIONAL GOALS AND
TEACHING QUALITY IN DIFFERENT
SCHOOL TRACKS

Besides gaining knowledge, developing an interest and becoming
confident in ones’ own abilities are highly important learning
goals in mathematics education for all students (NCTM, 2000).
Although cognitive abilities provide a profound basis for dealing
with daily challenges in mathematics, motivational-affective
learning outcomes influence whether students will actively and of
their own accord engage in situations where these competencies
are necessary. The main learning opportunities for achieving
these goals are provided in math classrooms and depend on the
quality of teachers’ instruction.

For math competence, a number of studies controlling for
school track differences or focusing only on the Gymnasium
documented the importance of students’ shared perception of
efficient classroommanagement as well as high levels of cognitive
activation (e.g., Klieme et al., 2001; Klieme and Rakoczy, 2003;
Lipowsky et al., 2009; Baumert et al., 2010; Kunter and Voss,
2013; see also Praetorius et al., 2018). Two studies that focused
on differences between high and low school tracks assumed that
teaching quality would mediate the effect of teacher knowledge
and beliefs on math achievement but could not confirm this
effect (Dubberke et al., 2008; Baumert et al., 2010). However,
they did not report the results for track differences in the
relationship between teaching quality and achievement. Hints
for track differences come from research on aptitude-treatment-
interaction by showing that low performing students profit
more from a highly structured learning environment than high
performing students (Snow and Lohman, 1984).

Interest is characterized by a cognitive, affective, and value
related component (Krapp and Prenzel, 2011). It contributes
to personality development and affects STEM-related career
decisions (e.g., Pekrun et al., 2007). Math interest is positively
related to students’ individual perception of effective classroom
management and their perceived teacher support (e.g., Klieme
et al., 2001; Kunter et al., 2007; Kunter and Voss, 2013). Also at
the Gymnasium, students experienced more math interest when
they felt supported by their teachers (Klieme and Rakoczy, 2003).
Whether cognitive activation affects interest is less clear. Most
studies found no association (Klieme et al., 2001; Kunter and
Voss, 2013), although one found a positive relation (Schiepe-
Tiska et al., 2016a) that has also been shown in science education
(Fauth et al., 2014). These varying results may stem from masked
effects of different cognitive activating learning environments in
school tracks.
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Mathematics self-efficacy describes beliefs to master
challenging actions and problems successfully (Bandura,
1977). When students think they have the necessary abilities
to solve difficult math tasks, they show higher willingness to
make an effort to work on the tasks and are more persevere
(Klassen and Usher, 2010). In turn, the probability to solve
these tasks rises, which affects future achievement expectations
and predicts the enrollment of STEM-related university majors
(Parker et al., 2014). Students who reported higher levels of
math self-efficacy perceived their classrooms as more caring,
challenging, and mastery oriented (Fast et al., 2010). For effects
of ability grouping, a small Big-Fish-Little Ponds Effect has been
found for science self-efficacy (Jansen et al., 2015). However,
self-efficacy was more strongly related to inquiry-based learning
opportunities that offer high levels of cognitive activation. A
joint effect has not been tested.

PRESENT STUDY

The present study examined the impact of school tracking on
students’ perception of teaching quality in mathematics and their
joint effect on multidimensional learning goals. Representative
data from a class based German extension of the PISA 2012 study
was used and two central research questions were addressed using
multilevel analyses.

First, previous studies reported school track differences in
students’ perception of teaching quality only on a descriptive
level without testing the factorial structure within and across
different groups (e.g., Kunter et al., 2005; Schiepe-Tiska et al.,
2013). Therefore, I examined whether the factorial structure of
student ratings of three basic dimensions of instructional quality
(cognitive activation, classroom management, and teacher
support) is comparable across high and low school tracks
by analyzing the following questions. (a) Can students in
different tracks distinguish between these dimensions of teaching
quality (dimensionality), (b) are ratings of instructional quality
generalizable across tracks (generalizability), and (c) do students
in different tracks perceive instructional qualities differently
(mean comparison)? I expected that in both groups a latent
factor model with three dimensions at the class and student
level would best fit the data and would be comparable across
tracks. If so, students at the Gymnasium would report higher
levels of classroom discipline but lower levels of teacher support.
For cognitive activation, I assumed a difference, but because of
controversial results of previous studies (Gruehn, 2000; Kunter
et al., 2005; Schiepe-Tiska et al., 2013) no specific direction was
formulated.

Second, because previous studies analyzing the relation
between teaching quality in mathematics and different learning
goals rather controlled for track differences, this study focused
on the interaction of tracking and teaching quality on
multidimensional goals, namely mathematics achievement and
interest. Moreover, I extended previous research by examining
self-efficacy as an important goal of mathematics learning
(NCTM, 2000). I expected different profiles for school tracks
in that classroom discipline is particularly important for math

competence in lower school tracks (LST). For interest, I expected
teacher support to be important in both tracks. However,
as previous studies controlling for school track reported
inconsistent results for cognitive activation, I assumed that
there is a difference between tracks in its relation with math
interest. For self-efficacy, I expected relations with students’
perception of teacher support and cognitive activation. As
students at the Gymnasium reported lower levels of teacher
support in previous studies (Kunter et al., 2005; Schiepe-
Tiska et al., 2013), it might positively affect particularly their
level of self-efficacy. In line with prior studies, I expected
relations with achievement to be found at the class level
and relations with motivational outcomes on the individual
level.

METHODS

Participants and Procedure
The sample consisted of 211 schools with 412 classes and 9,845
ninth graders (Mage = 15.56; SDage = 0.62; nfemale = 4919;
nmale = 4926). Students were sampled following a stratified
sampling process. Schools were sampled first and in each school,
two complete ninth grades were randomly selected in order to
participate in PISA, which resulted in a nested data structure.
At the Gymnasium, 3,825 students from 152 classes (average
class size: M = 25.16, SD = 3.53) participated as compared to
6,020 students from 260 classes (average class size: M = 23.15,
SD = 4.75) from LST. All students joint a two hour competency
assessment. In addition, students answered a questionnaire
covering contextual information including their perception of
teaching quality (OECD, 2014). In PISA 2012, the questionnaire
was distributed using a rotated design with three versions.
Each version asked questions about the family background but
only two-third of the students answered questions about the
dimensions of instructional quality, mathematics interest, and
self-efficacy.

Data was collected in the context of Germanys‘ participation
in the PISA study, which is charged by the federal governments
of the states. Students who were selected for participation as
well as their parents were informed about the goals of the
study and what would be assessed. By school law, participation
in the test was mandatory for all selected students in order
to ensure the internationally required representative sample.
Whether participation in the questionnaire was mandatory too,
depended on the state. In the states where participation was
not mandatory, parents and students provided written informed
consent, otherwise students only participated in the test. For
the questionnaires, privacy officers of all states approved the
internationally developed material. The study was conducted
according to the Ethical Principles of Psychologists and Code
of Conduct of the American Psychological Association from
2017. An ethics approval was not required by institutional
guidelines or national regulations, in line with the guidelines
of the “German Research Foundation” as the used data
was anonymized and no disclosure outside the research is
possible.

Frontiers in Education | www.frontiersin.org 4 January 2019 | Volume 4 | Article 4

https://www.frontiersin.org/journals/education
https://www.frontiersin.org
https://www.frontiersin.org/journals/education#articles


Schiepe-Tiska Tracks, Teaching Quality, Multidimensional Goals

Measures
Cognitive Activation
Cognitive activation was assessed with nine items (OECD, 2014;
α = 0.79). For example, students were asked how often their
teacher presents mathematics problems for which there is no
immediately obvious method of solution. Students answered
items on a four-point Likert scale (always or almost always to
never or rarely). One item was excluded because, with regard to
its content and the results of statistical analyses, it could not be
separated from the scale teacher support (“The teacher helps us
to learn from mistakes we have made.”). A second item (“The
teacher presents problems for which there is no immediately
obvious method of solution.”) showed negative factor loadings in
both groups but did also not load on another scale. Thus, is was
also excluded from further analyses.

Classroom Discipline
Classroom discipline and teacher support were measured
with five items (OECD, 2014; αdiscipline = 0.90; αteacher

support = 0.85). Students answered items such as “the teacher
has to wait a long time for students to quiet down” or “the teacher
shows an interest in every student’s learning” on a four-point
Likert scale (every lesson to never or hardly ever).

The item specific Intra- class correlations (ICC1) for the
dimensions of instructional quality (Lüdtke et al., 2009) were for
the Gymnasium between 0.08 and 0.31, for LST between 0.05 and
0.23. The reliability of the class means was also satisfactory (ICC2

Gymnasium 0.88 to 0.99; ICC2LST 0.86 to 0.98).

Mathematics Competence
Mathematics competence was assessed with the PISA 2012 test
(OECD, 2014). Four content categories weremeasured: Quantity,
uncertainty and data, change and relationships, space and shape.
Data were scaled with a one-dimensional Raschmodel generating
five plausible values. The reliability of the international test was
0.85. For the Gymnasium, 14.7% of the variance of mathematics
competence was found between classes, for LST it had been
27.1%.

Mathematics Interest
Mathematics interest was assessed using four items such as “I am
interested in the things I learn in mathematics” (OECD, 2014;
α = 89; ICC1 Gymnasium 0.03 to 0.05, ICC1 LST 0.04 to 0.11).
Students evaluated their agreement on a four-point Likert scale
(strongly agree to strongly disagree).

Mathematics Self-Efficacy
Mathematics self-efficacy was assessed using eight items (OECD,
2014; α = 81; ICC1 Gymnasium 0.03 to 0.08, ICC1 LST 0.04 to 0.11).
Students were asked about how confident they feel about having
to do specific mathematics tasks (e.g., “Solving the equation 3x+
5 = 17,” “Calculating the petrol consumption rate of a car”). The
items were evaluated on a four-point Likert scale (very confident
to not at all confident).

Control Variables
As the assignment of students to school tracks is associated
with prior achievement and the social background of students

(Dumont et al., 2013), I controlled for general cognitive abilities
(EAP estimator, scale figural analogies, Wilhelm et al., 2014) and
the highest international socio-economic index of occupational
status (HISEI; OECD, 2014). In addition, students also reported
their gender.

Dealing With Missing Values
There were two types of missing data: missing answers due the
rotated questionnaires (OECD, 2014) and missing answers of
single items (instructional qualities 0.9–1.4 %; interest and self-
efficacy 0.6–0.7 %, general cognitive abilities 7.1 %, HISEI 13.9
%). Recent literature suggests that using multiple imputation is
more advantageous in dealing with missing data as compared
to classical case deletion methods (Enders, 2010). With the
help of an imputation model that included auxiliary variables
from questions all students had answered (indicators of family
background, see OECD, 2014), m = 20 datasets for each of the
five plausible values of mathematics competence were created (in
total 100 datasets). Taking themultilevel structure of the data into
account, Mplus 7.3 (Muthén and Muthén, 1998–2011) was used
for the imputation.

Statistical Analyses
Given the nested data structure of students in classrooms,
for testing measurement invariance (dimensionality,
generalizability, and mean comparison of teaching qualities),
a series of multigroup multilevel confirmatory factor analyses
was used with three factors at the between and the within
level (Vandenberg and Lance, 2000). This procedure estimates
separate models for each school track simultaneously, and
introduces different equality constraints upon model parameters
between the groups. The configural invariance model is the
least restrictive model and imposes no equality constraints.
The metric invariance model tests whether each item loads
equivalently on the same factor in both groups by constraining
the item factor loadings to be equal across the groups. The
scalar invariance model as the most restrictive one constraints
the factor loadings and intercepts to be equal across groups. In
order to evaluate the model fits, suggestions of Iacobucci (2010)
were followed. A model had a reasonable fit when (a) the robust
comparative fit index (CFI) is close to 0.95, (b) the robust root
mean square error of approximation (RMSEA) is <0.08, and (c)
the standardized root-mean-square residuals (SRMR) are <0.09.

In order to test the moderating effect of school track, for
each goal, a two-group-multilevel doubly latent model was
specified. Studies testing the effects of teaching quality on
learning outcomes often suffer from two problems: sampling bias
and measurement errors in the data. Multilevel doubly latent
models face these problems by integrating structural equation
models and multilevel models in order to control simultaneously
measurement error due to sampling of items and sampling error
due to sampling of persons (Marsh et al., 2009). Therefore, this
approach is modeling the measurement and structural model
simultaneously at the individual and class level. The dimensions
of instructional quality were assessed at the student level, and
additionally aggregated at the class level in order to examine the
perception of the shared learning environment (Lüdtke et al.,
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2009). The individual and aggregated scores have been used
simultaneously at the individual and class level in all models.
Mathematics interest and self-efficacy have also been modeled as
latent factors. On the individual level, general cognitive abilities,
socio-economic background (both grand mean centered), and
gender were included. The moderator effect was tested by
comparing changes in 1CFI of a model with freely estimating
the corresponding effect of teaching quality vs. assuming equality
of the parameters (Cheung and Rensvold, 2002). Two models
were assumed to be equivalent when 1CFI ≤ −0.01. All models
took students and class weights as well as the stratification of the
sample into account. All analyses were calculated with each of
the 100 datasets using Mplus 7.3. In order to get correct standard
errors, the results were combined with the formula of Rubin
(1987).

RESULTS

Dimensionality, Generalizability, and Mean
Comparison of Teaching Quality
Tables 1 and 2 show the latent intercorrelations between the
dimensions of instructional quality for the Gymnasium and
LST. On the class level, particularly cognitive activation and
teacher support were highly correlated in both groups, which
has also been found in other studies (Wagner et al., 2013; Fauth
et al., 2014). For both tracks, the global model fit was good
supporting the theoretically assumed three factor structure on
both levels (Gymnasium: χ2

= 1218.00, df = 232, CFI = 0.94,
RMSEA = 0.03, SRMRwithin = 0.04, SRMRbetween = 0.09; LST:
χ
2

= 1450.30, df = 232, CFI = 0.96, RMSEA = 0.03,
SRMRwithin = 0.03, SRMRbetween = 0.08). However, because of
the high correlations at the class level, I also compared the
model fit with the fit of a model with only one factor at the
between and three factors on the within level. For this model,
the fit indices dropped and in particular the SRMRbetween, which
specifically refers to the class level showed a poorer fit for both
school tracks (Gymnasium: χ2

= 1864.75, df = 235, CFI = 0.91,
RMSEA = 0.04, SRMRwithin = 0.04, SRMRbetween = 0.20;
LST: χ

2
= 2128.87, df = 235, CFI = 0.94, RMSEA = 0.04,

SRMRwithin = 0.04, SRMRbetween = 0.23).
Table 3 presents in the first section (MCFA) the results for

the test of invariance of factor loadings and intercepts across
tracks. Scalar invariance was holding across tracks and thus, the
factorial structure and intercepts were found to be equal in both
tracks. Hence, the latent mean differences could be compared. At
the Gymnasium, classroom discipline was perceived significantly
higher (1Mean = 0.13, SE = 0.04, p = 0.001), but teacher
support significantly lower (1Mean = 0.24, SE =.05, p = 0.000)
as compared to LST. For cognitive activation, no difference
occured (1Mean= 0.04, SE= 0.06, p= 0.47).

School Tracks and the Relationship
Between Multidimensional Goals and
Teaching Quality
When testing the moderator effect of tracking by comparing
1CFI of two-group-multilevel doubly latent models (Table 3,

section MSEM), the model fits with restricted parameters were
worse as compared tomodel fits with freely estimated parameters.
Thus, tracks differed in all associations of teaching qualities
and learning outcomes. The fit for the models with the freely
estimated parameters represent the fit of the corresponding
models in Tables 4–6, which show the results for the relationship
between each educational goal and instructional qualities. With
regard to the control variables at the individual level (not
included in the tables), cognitive abilities were positively related
to each goal in both groups. Girls always showed lower levels of
competence, interest, and self-efficacy. Mathematics competence
and self-efficacy were positively related with socio-economic
background; no relation was found with mathematics interest.

For mathematics competence (Table 4), considering each
dimension of instructional quality separately, at the Gymnasium,
a positive relation with discipline at the class level was found
(Model 2a) that was still significant when all dimensions of
instructional quality were considered simultaneously in the
analyses (Model 4a). For LST, the perception of higher classroom
discipline at the class level was also related to better competence
(Model 2b). Moreover, classes reporting higher levels of teacher
support showed lower levels of mathematics competence (Model
3b). At the student level, math competence was positively related
to cognitive activation, discipline, and teacher support (Models
1b, 2b, 3b). However, when all dimensions of instructional quality
were considered simultaneously in the analysis, only the relation
with discipline at the individual level remained significant for
LST (Model 4b).

For mathematics interest (Table 5), at the Gymnasium, all
dimensions of teaching quality separately were positively related
to interest at the class and individual level (Models 5a, 6a,
7a). However, when they were considered simultaneously in
the analysis (Model 8a), only the relation with discipline and
teacher support at the individual level remained significant. For
LST, classes that reported high levels of cognitive activation and
teacher support felt more interested in mathematics (Models
5b and 7b). The same results were found for the student
level, additionally revealing that students who perceive higher
levels of discipline also reported higher levels of interest.
Considering all dimensions of teaching quality at the same
time (Model 8b), only the results at the student level remained
significant.

Mathematics self-efficacy, considering each dimension of
instructional quality separately, was at the Gymnasium only
at the student level positively related to cognitive activation
and teacher support (Models 9a and 11a). This relation
remained the same when all dimensions of teaching quality
were considered at the same time in the analysis (Model
12a). For LST, considering each dimension of instructional
quality separately, classes that reported a low-noise learning
environment experienced higher levels of self-efficacy (Model
10b). At the student level, high levels of self-efficacy were
related to perceived cognitive activation and teacher support
(Models 9b and 11b). When taking all dimensions of teaching
quality into account at the same time, only the positive
relation between individual self-efficacy and cognitive activation
remained significant (Model 12b).
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TABLE 1 | Intercorrelations at the class level (above the diagonal) and at the individual level (below the diagonal) for the Gymnasium.

1 2 3 4 5 6

1 COGACT – 0.61*** 0.85*** 0.08 0.78*** 0.22

2 DISCLIM 0.17*** – 0.40*** 0.21 0.43*** 0.20

3 TEACHSU 0.63*** 0.25*** – 0.13 0.82*** 0.25

4 Mathematics competence 0.07** 0.05 0.11*** – 0.32 0.81**

5 Mathematics interest 0.28*** 0.22*** 0.40*** 0.35*** – 0.51*

6 Mathematics self-efficacy 0.27*** 0.05* 0.27*** 0.48*** 0.50*** –

COGACT, Cognitive activation; DISCLIM, Classroom discipline; TEACHSU, Teacher support. *p < 0.05. **p < 0.01. ***p < 0.001.

TABLE 2 | Intercorrelations at the class level (above the diagonal) and at the individual level (below the diagonal) for the lower school tracks.

1 2 3 4 5 6

1 COGACT – 0.58*** 0.90*** −0.08 0.65*** 0.19

2 DISCLIM 0.02 – 0.37*** 0.32*** 0.24 0.53***

3 TEACHSU 0.61*** 0.20*** – −0.28** 0.68*** −0.04

4 Mathematics competence 0.07** 0.08*** 0.04 – −0.48*** 0.84**

5 Mathematics interest 0.30*** 0.13*** 0.34*** 0.27*** – −0.25

6 Mathematics self-efficacy 0.28*** 0.05 0.16*** 0.50*** 0.47*** –

COGACT, Cognitive activation; DISCLIM, Classroom discipline; TEACHSU, Teacher support. **p < 0.01. ***p < 0.001.

DISCUSSION

The present study investigated the factorial structure of teaching
qualities across school tracks and examined whether tracks
differed in students’ perception of teaching quality. Following
this, school track differences in the association between
dimensions of teaching quality and multidimensional learning
goals were tested. In support of my hypotheses, students in high
and low school tracks distinguished between the dimensions
of teaching quality cognitive activation, classroom discipline,
and teacher support. Moreover, the factorial structure was
comparable across tracks. Students at the Gymnasium reported
higher levels of discipline but lower levels of teacher support.
Unexpectedly, no difference occurred for cognitive activation.

In association with different learning goals, school track
differences occurred for each learning goal. Math competence
was related to classroom discipline on the student level in lower
school tracks (LST) and on the class level at the Gymnasium.
Math interest was, on the student level, in both tracks associated
with teacher support and discipline. In addition, in LST a
cognitive activating learning environment was associated with
more interest. High levels of math self-efficacy were in both
school tracks reported by students who perceived their lessons
as cognitive activating. In addition, at the Gymnasium, students
who felt more supported by their math teachers reported higher
levels of self-efficacy. In the following, the findings are discussed
in more detail.

Dimensionality, Generalizability, and Mean
Comparison of Teaching Quality
Two key aspects of construct validity of student ratings
are dimensionality within and generalizability across different

groups of students. However, despite the fact that these are
important preconditions for gathering valid results, it has rarely
been studied whether the same factorial structure would emerge
across different school tracks. The present results complement
previous studies that found a three-dimensional structure
(Dubberke et al., 2008; Wagner et al., 2013; Fauth et al., 2014)
by showing that this structure is valid in different learning
environments on the student and class level and that it can be
compared across school tracks.

In line with other studies using student questionnaires and
video ratings (Gruehn, 2000; Klieme et al., 2001; Kunter et al.,
2005), students at the Gymnasium reported higher levels of
classroom discipline but lower levels of teacher support and
thus, supported the idea of school tracks as differential learning
environments with regard to teaching qualities. As the student
body at the Gymnasium is more homogenous and students
have comparably more favorable preconditions in terms of prior
achievement and social background (Dumont et al., 2013), it
seems to be easier for teachers to establish a clear structured and
low-noise learning environment. On the other hand, teachers in
LST focused more on aligning their teaching to the needs and
goals of their more heterogeneous student body. This may be
due to the fact that the attitude of creating a supportive learning
climate is also emphasized in their strong pedagogical orientation
during teacher training. Moreover, teachers who decide to
work in these schools might implicitly have comparatively
higher commitment to supporting more disadvantaged
students.

Contrary to previous studies, which found differences in the
student perception of cognitive activation in one or the other
direction (Gruehn, 2000; Kunter et al., 2005) students in the
present study reported no differences. Previous studies found
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TABLE 3 | Summary of fit indices of multilevel confirmatory factor analyses (MCFA) and multilevel structural equation modeling (MSEM).

χ
2 df CFI RMSEA SRMRw SRMRb

MCFA

1 Configural invariance 2670.85 464 0.95 0.03 0.04 0.09

2 Metric invariance 2765.75 492 0.95 0.03 0.04 0.09

3 Scalar invariance 3088.60 506 0.95 0.03 0.04 0.10

MSEM

Mathematics competence restricted

4a COGACT 3393.80 148 0.75 0.07 0.07 0.09

4b DISCLIM 2325.68 86 0.89 0.07 0.07 0.05

4c TEACHSU 2465.79 86 0.84 0.08 0.08 0.08

4d All 6010.46 680 0.90 0.04 0.03 0.08

Free

4e COGACT 1463.97 140 0.90 0.04 0.04 0.09

4f DISCLIM 486.23 78 0.98 0.03 0.03 0.03

4g TEACHSU 563.47 78 0.97 0.04 0.04 0.04

4h All 4004.39 664 0.93 0.03 0.04 0.10

Mathematics interest restricted

5a COGACT 3280.75 267 0.91 0.05 0.09 0.14

5b DISCLIM 1671.91 181 0.96 0.04 0.08 0.09

5c TEACHSU 2365.21 181 0.94 0.05 0.12 0.10

5d All 6943.25 919 0.92 0.04 0.06 0.09

Free

5e COGACT 2337.06 259 0.94 0.04 0.04 0.11

5f DISCLIM 1038.40 173 0.98 0.03 0.03 0.08

5g TEACHSU 1132.24 173 0.97 0.03 0.03 0.08

5h All 5432.41 903 0.94 0.03 0.04 0.10

Mathematics self-efficacy restricted

6a COGACT 7243.78 487 0.78 0.05 0.08 0.18

6c DISCLIM 5448.42 369 0.86 0.05 0.07 0.19

6e TEACHSU 5771.53 369 0.83 0.06 0.08 0.18

6g All 11229.91 1299 0.86 0.04 0.04 0.11

Free

6b COGACT 6183.51 479 0.81 0.05 0.05 0.18

6d DISCLIM 4718.01 361 0.88 0.05 0.05 0.18

6f TEACHSU 4892.47 361 0.86 0.05 0.05 0.19

6h All 10068.06 1283 0.88 0.04 0.04 0.16

CFI, robust comparative fit index; RMSEA, robust root mean square error of approximation; SRMR, standardized root mean square residual; w, within; b, between; COGACT, Cognitive

activation; DISCLIM, Classroom discipline; TEACHSU, Teacher support.

these differences particularly between the highest and the very
lowest school track (“Hauptschule”). Kunter et al. (2005) had
argued that students at the lowest school tracks might evaluate
the task difficulty rather than the design of a task, and thus,
reported higher levels of cognitive activation as compared to
students at the Gymnasium. Video studies have revealed that
using elements of cognitive activation most likely occurred at
the Gymnasium as compared to the lowest school track (Klieme
et al., 2001). However, in most German states, the lowest school
track had merged with other non-academic school tracks to one
type of school and the educational system is changing from a
three- to a two-tier structure (KMK, 2017), creating a more

heterogeneous student body in the non-academic track. Together
with the rising awareness that students from disadvantageous
background also profit from higher achievement expectations
(Hutchings et al., 2012), teachers might not shy away from
providing math tasks with multiple ways of solution and
encouraging also lower performing students to deal with tasks
more autonomously. Whether there is a true change in the
math instruction in non-academic school tracks or whether the
present results are based on the merge of tracks is a question for
future studies. These should take the current two-tier structure
of the educational system into account and additionally include
external observations.
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School Tracks as Differential Learning
Environments and the Relationship
Between Multidimensional Goals and
Teaching Quality
The question whether school tracks differ in the association
of multidimensional goals and teaching quality is important
for designing lessons that adapt to different student bodies
and meet different learning goals. This can be quite
challenging for teachers. Depending on the goals and the
target student group, they should accentuate their teaching
in order to meet the needs of these students specifically.
The results of the present study showed that some teaching
strategies were beneficial for students’ in all school tracks
but they also revealed some important accentuations
between tracks in their relationship with different learning
goals.

In line with studies controlling for school track differences,
in both school tracks, students who reported high levels of
classroom management also showed higher levels of math
achievement and math interest. In a low noise-learning
environment without interruptions, learning time can be used
efficiently and a clear structure can be established and followed
which has also been found to be related to higher levels
of flow experience (Schiepe-Tiska, 2013). However, contrary
to my hypotheses, for achievement the effect occurred on
different levels of analyses. For the Gymnasium, the assumption
of previous studies that classroom management is in general
a class level construct and students’ individual perception
of whether the classroom is more or less organized is
less important for achievement (Aldrup et al., 2018) holds,
but this does not hold for LST. It seems that because
students in LST have a more heterogeneous background
and classroom discipline is in general lower as compared
to the Gymnasium, their individual perception of a low-
noise learning environment in comparison to their classmates
is more important for achieving higher levels of math
competence.

In line with the idea that for motivational-affective outcomes
students’ individual perception of teaching quality is more
important than the shared perception of the class, teacher
support was in both school tracks related to higher math
interest at the individual level. Although teacher support in
general was perceived higher in LST, students at the Gymnasium
also felt more interested in mathematics when teachers created
a supportive learning environment. Moreover, only at the
Gymnasium, perceived teacher support was additionally related
to students’ self-efficacy. Murdock and Miller (2003) proposed
that students who perceived their teachers as supportive
were more likely to view themselves as academically capable
and set higher educational goals for themselves. This may
be an important clue for teachers at the Gymnasium in
order to improve their teaching as they often see themselves
more as subject knowledge brokers and particularly math
seem to be not a subject where teacher-student relations
are as much a focus. Hence, from a practical perspective,
particularly the awareness of mathematics teachers at the
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Gymnasium should be raised for the importance of positive
student relationships for developing interest and positive self-
views.

Contrary to studies controlling for school track (e.g., Klieme
et al., 2001; Baumert et al., 2010; Kunter and Voss, 2013),
there was no association between cognitive activation and math
competence in both school tracks. This may be due to different
assessments of cognitive activation as the present study used
aggregated student ratings while others have used video ratings or
task analyses (Kunter et al., 2007; Lipowsky et al., 2009). For the
motivational-affective learning goals, in line with my hypotheses,
higher levels of cognitive activation were in both school tracks
related to more positive self-efficacy beliefs. Students who felt
that their teachers think they are capable of solving math tasks
with multiple ways of solution and encourage them to deal with
these tasks more autonomously also believed in themselves, as
social persuasion is one important source for developing self-
efficacy (Bandura, 1977). This result is also in line with Jansen
et al. (2015) who found that science inquiry-based learning
opportunities that offer high levels of cognitive activation were
related to higher levels of self-efficacy. For interest, however,
as expected, a difference between school tracks occurred that
might offer another possible explanation for the inconsistent
results of previous studies besides different operationalization
of cognitive activation (Klieme et al., 2001; Kunter and Voss,
2013; Fauth et al., 2014; Schiepe-Tiska et al., 2016a). Only in
LST high levels of cognitive activation were related to higher
math interest. Particularly, low performing students seem to
profit from teachers who challenge them with tasks that require
higher-order thinking and understanding. These students might
sense that these teachers give them credit for being able to
deal with this kind of tasks and together with a supportive
learning environment, their interest in mathematics rises. From
a theoretical perspective, stimulating deeper elaboration and
engagement gives students learning opportunities to acquire
mastery experiences (Bandura, 1977). These can foster their
feelings of autonomy and competence, which in turn might affect
their interest as well as their self-efficacy beliefs. Hence, teachers
in LST might be encouraged to offer these kind of tasks to their
students.

LIMITATIONS AND FUTURE DIRECTIONS

Although the findings are based on a large representative
class based dataset und multilevel modeling was applied, there
are some limitations that come with using data from large-
scale assessments for analyzing class level processes (cf. Müller
et al., 2016). Here, I focus on two critical points: The use of
student ratings and the cross-sectional nature of PISA. The
question of what kind of insights about teaching processes
can be gained from different perspective has often been
asked. For the more cross-disciplinary dimensions classroom
discipline and teacher support, student ratings have been
found to provide valid information for predicting student
outcomes (e.g. Gruehn, 2000; Kunter and Baumert, 2006;
Aldrup et al., 2018; Praetorius et al., 2018). Still, they focus

on the perceived rather than the intended or observable
learning opportunities. As students mostly attend only one
track through their school career, differences between tracks
might be hard to depict. This is particularly important for
the more subject-specific component of cognitive activation.
Analyzing learning materials of teachers as well as external
observations would provide valuable information to validate the
present findings and gain insights into the interplay of different
perspectives.

Moreover, the type of orchestration of teaching qualities
for different learning goals have rarely been the focus of
attention yet. For example, Dorfner et al. (2018) showed
that for the development of interest in biology at the
Gymnasium, cognitive activation mediated the effect of
classroom management and supportive climate. However, other
school tracks or learning outcomes were not included in the
study. Another question would be whether higher levels of
cognitive activation are always better for learning outcomes
as students might be over challenged particularly in LST.
For example, in science, the relationship between inquiry-
based teaching that offers high levels of cognitive activation
and achievement was found to be curvilinear (Teig et al.,
2018).

Second, PISA is a cross-sectional study. Thus, only a
teaching status description can be modeled, and inferences
about the causality of teaching qualities and learning goals
in different school tracks cannot be drawn. However, Kuger
et al. (2017) analyzed the prognostic validity of mathematics
teaching qualities on students’ achievement 1 year later
and concluded that, if carefully modeled, the inferences
about structure and importance of teaching qualities for
math competence based on cross-sectional data withstand
longitudinally, although the absolute level of the relations
might be overestimated. Future studies would benefit from a
longitudinal design so that the impact of teaching qualities
in different school tracks on multidimensional goals could be
investigated.

CONCLUSION

The results speak clearly for the assumption of school tracks
as differential learning environments. They ask for a more
differentiated view of teaching quality and its impact on reaching
multidimensional goals by explicitly examining these differences
instead of controlling for them. In order to meet the underlying
idea of ability grouping—answering students’ needs specifically—
these associations need to be understood more clearly in order to
create matching learning environments. Only then can teachers
be better prepared for the increasing challenges in dealing with
classroom heterogeneity.
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