I Z A Institute

of Labor Economics

Initiated by Deutsche Post Foundation

DISCUSSION PAPER SERIES

IZA DP No. 17167

What Is Wrong with Ability-Tracking?

Hartmut Esser

JULY 2024



I Z A Institute

of Labor Economics

Initiated by Deutsche Post Foundation

DISCUSSION PAPER SERIES

IZA DP No. 17167

What Is Wrong with Ability-Tracking?

Hartmut Esser
University of Mannheim, Mannheim Centre of European Social Research and ZA

JULY 2024

Any opinions expressed in this paper are those of the author(s) and not those of IZA. Research published in this series may
include views on policy, but IZA takes no institutional policy positions. The IZA research network is committed to the 1ZA
Guiding Principles of Research Integrity.

The IZA Institute of Labor Economics is an independent economic research institute that conducts research in labor economics
and offers evidence-based policy advice on labor market issues. Supported by the Deutsche Post Foundation, IZA runs the
world's largest network of economists, whose research aims to provide answers to the global labor market challenges of our
time. Our key objective is to build bridges between academic research, policymakers and society.

IZA Discussion Papers often represent preliminary work and are circulated to encourage discussion. Citation of such a paper
should account for its provisional character. A revised version may be available directly from the author.

ISSN: 2365-9793

IZA - Institute of Labor Economics

Schaumburg-Lippe-Strae 5-9 Phone: +49-228-3894-0
53113 Bonn, Germany Email: publications@iza.org WWw.iza.org




IZA DP No. 17167 JULY 2024

ABSTRACT
What Is Wrong with Ability-Tracking?”

The question of the effects of ability tracking remains unresolved even after decades of
research. This is also due to the fact that specific regulations for the stringency of implementing
differentiation according to ability and achievement have not been taken into account. The
issue is the conditionalization of the effects of ability tracking within differentiating systems. The
question is analysed using the example of the German federal states: There are clear differences
in the regulation of differentiation (binding nature of recommendations and/or stronger
organizational control of schools) and with the “National Educational Panel Study” (NEPS) a
data set is available that contains all the information necessary to identify the effects. Three
sequentially related aspects of the effects of stringency are analyzed: Sorting and educational
attainment, structuring of school classes and educational achievement in secondary school. For
educational attainment, there was an increase in achievement at the end of elementary school
and greater equality of achievement at the transition without an increase in social inequality.
The structuring of school classes showed a decoupling of cognitive and social segregation. And
for achievement in secondary school, was an increase in the effects of cognitive composition
without an increase in the effects of social background or social segregation, especially in the
lower performance areas. This is practically the opposite of the assumptions known from most
international comparative studies, according to which strict differentiation does not improve
achievement, but only reinforces the effects of social background.
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1. Introduction

The question of the effects of Ability Tracking has always been controversial and, even after a
long period of research, cannot really be considered clarified (cf. the overviews in Sorensen
1970, later in Betts 2011, Dollmann 2019, Skopek et al. 2019, Esser 2021, Chapter 1, Terrin
and Triventi 2022). There are two theoretical approaches. According to the differentiation
position, the separation into different educational pathways according to cognitive abilities
allows curricula to be better adapted to the cognitive differences of children and, due to the
greater homogeneity associated with this, easier and more focused teaching, with the result that
the achievement level increases for the same effort without reinforcing social educational
inequality (Sorensen 1970, Sorensen and Hallinan 1977, following Coleman et al. 1967).
According to the integration position, the situation would be different and even reversed: peer
interactions conducive to learning across the entire range of cognitive abilities and social
differences are only possible with cognitive and social heterogeneity, and only in this way can
marginalisation and stratification resulting from spatial and social segregation and differences
in the quality and social composition of schools and school classes be limited at the same time
(Oakes 1985; Zimmer and Toma 2000; Gamoran 2009, Domina et al. 2017, 2019). The
prevailing view of the empirical situation is: Early and strict Ability Tracking reduces access
to higher education and does not improve achievement, but only increases social segregation,
inequality and injustice in education (see, among others, for attainment: Brunello and Checchi
2007, Pfeffer 2008, Bauer and Riphan 2009, Allmendinger 2012, Hadjar and Becker 2016, van
de Werthorst 2019; Traini 2021; for achievement: Hanushek and Wo6fmann 2006, Horn, 2008,
Gamoran 2009, WéBmann 2009, WoBmann et al. 2009, Miiller and Kogan 2010, van de
Werfhorst and Mijs 2010, Chmielewski 2014, Pfeffer 2015, van de Werfhorst 2018, Skopek et
al. 2019, Strello et al. 2021, Roller and Steinberg 2022, Terrin and Triventi 2022, Dréger et al.
2023). This could be described as the standard position, because it seems to be the largely

predominant approach and findings.

However, counterevidence has also been presented from the beginning (Galindo-Rueda and
Vignoles 2004, Brunello und Checchi 2007, Waldinger 2007, Betts 2011, Chmielewski 2014,
Dunne 2010, Dronkers et al. 2011, 2012, Duflo et al. 2012, Horn 2013, Esser and Relikowski
2015, Sahlgren 2015, Skopek and Dronkers 2015, Korthals and Dronkers 2016, van de
Werthorst 2018, Dollmann 2019, Domina et al. 2019, van de Werthorst 2022). In particular, it

became apparent that empirical studies supporting the standard position often have lacked



centrally important concepts, how above all cognitive ability and cognitive composition of
school classes, so that they have may have painted an inaccurate picture of the effects of
differentiation. This refers in particular to the overestimation of the influence of social
background and of the social composition of school classes (see the overview in Marks 2014
and the ongoing discussions about the effects of social background and cognitive abilities in
Betthduser et al. 2020, Marks, 2019, 2020 or O’Connell and Marks 2021 and genetic anchoring
in Klein and Kiihhirt 2021, Uchikoshi and Conley 2021, Baier et al. 2022, Mdnkediek 2022).

The background to the inconsistencies and ambiguities in the discussion is the particular
complexity of the aspects and processes involved. There are three. Firstly, the approaches refer
to a set of common conditions and effects: social background and cognitive abilities, social and
cognitive composition of school classes and school types with effects on teaching and/or peer
interactions. However, they derive different theoretical predictions for the effects. Secondly, all
these aspects have to be theoretically separated and related to one another. But this has hardly
ever been the case. Thirdly, the effects are based on different phases in the educational process:
Sorting, transition and educational attainment, the resulting social and cognitive structuring of
schools and school classes and achievement at secondary school after transition. These are
theoretically and empirically different processes, but are often not distinguished, such as
attainment and achievement in particular. All this must be observed, brought together
theoretically, available in the data and taken into account empirically in the analyses. To date,
there is no theoretical modelling that takes these complexities into account, at best, however,
for partial aspects, but not in the interplay of the various conditions and relations (as in Brunello
and Checchi 2007, Appendix 1; Brunello et al. 2007, Section 4.4 or Brunello et al. 2012, Section
2, Angrist 2014, Section 2, Bowden et al. 2023, Section 2, Driger et al. 2023, Figure 1). In
particular, however, the necessary data are already missing, so that biases and inconsistencies
are becoming unavoidable., especially for the international comparative studies such as PISA,

TIMSS or PIACC.

In addition, there is another decisive and usually overlooked condition for the effects of ability
tracking: The effects of Ability Tracking may depend on whether and to what extent cognitive
abilities actually have the primary influence on the allocation to the various educational
pathways and no other influences such as social background (Hallinan 1994). This suggests that
the alleged positive effects of Ability Tracking may be linked to some additional regulations of

differentiation ifself, a particular selectivity according to cognitive abilities, especially



according to institutionalized regulations such as the binding nature of school recommendations
and the control of organizational processes in schools. In order to correctly identify the effects
of Ability Tracking, the effects of such regulations, such as local or regional differences in a
country, must therefore be considered in addition to those of differentiation alone (as according
to the age of the first sorting or the number of options as usual). As far as can be seen, this is
not taken into account in any of the country comparisons in the international comparative
studies - so that there may be differences in the effects of differentiation within the countries
that have been masked in the national figures of means and social gradients. And there is indeed
some (international) evidence that its more stringent implementation of differentiation leads to
more meritocratic sorting, transition and educational attainment (Galindo-Rueda and Vignoles
2004, Checchi and Flabbi 2007, Bratti et al. 2012, Esser and Hoenig 2028, Esser 2023, chapter
1 and 3 as to higher achievement in secondary school (Dunne 2010, Duflo et al. 2011, Dronkers
etal. 2011, 2012, Bol et al. 2014, Cord and Giuliano 2016, Korthals and Dronkers 2016, Esser
and Seuring 2020, Esser 2023, chapter 2 and 3) and also in primary school already just before
transition (Morgan 2012, Jackson 2013, Morgan et al. 2013, Esser 2021, chapter 5).

This could have been the case for the German education system in particular. This system is
considered the prototype of a particularly rigid, inefficient and socially unjust tracking system
(Skopek et al. 2019, Schindler et al. 2021, Dréger et al. 2023). In the first PISA study in 2000,
there was indeed a shocking finding: achievement far below average and an extremely strong
influence of social background (OECD 2000). This seemed to confirm the general assumption
of the standard position that was already common at the time. But it was a false impression,
even then: In Germany, there was and still is a differentiating system across the country, but
there are also considerable variations between the 16 federal states according to different
regulations: The age at first sorting (10 or 12 years), the number of options (three- or two-tier),
but specifically according to the binding nature of the school recommendations and the
organizational control for the implementation of differentiation. Accordingly, differences are to
be expected in the results of the comparative studies between the federal states and

correspondingly to the national averages in international comparison.

Such comparisons were also carried out. For Germany, there was a special analysis for the 16
German federal states for PISA 2000 already (Artelt et al., 2002, Baumert and Schiimer 2002).
This showed a much more differentiated picture of differentiation: three of the 16 German states

(Baden-Wiirttemberg, Bavaria and Saxonia) were equal to or better than the OECD average, in



part not far from Sweden. The other federal states were below this, in some cases quite
significantly. One particular result was especially striking: the three best federal states practiced
- long before - a particularly strictly regulated form of differentiation: the combination of
traditionality in access and regulation in organization, implemented via the two additional
implementation regulations mentioned above: the binding nature of school recommendations
and stronger organizational control of school processes, including standardization,
centralisation and accountability of results (Helbig and Nikolai 2015; Figure 28). This

combination is referred to here as the stringency of differentiation.

The described pattern of differences in achievement between the German federal states has
persisted over time until recently (IQB reports 2009, 2012, 2015, 2018) and has become even
stronger in international comparison with the integrated systems: Saxony and Bavaria were
better than Sweden and even Finland in 2018, and even after the crises from 2020 onwards in
primary and secondary school achievement (IQB 2022, IGLU 2023). In the international
comparative studies, all of this remained hidden in the national averages, and the regional
differences went largely unnoticed by the public, politicians and educational researchers. The
findings on the German federal states thus represent a clear correction of the standard position:
there is basically nothing wrong with ability tracking, it would just have to be a differentiation

that deserves its designation as ability tracking.

The following contribution aims to theoretically systematize and empirically test the Sorensen-
Hallinan hypothesis of conditionalizing the effects of ability tracking on certain additional
regulations to ensure the stringency of implementation. This has two prerequisites: sufficient
variations in the organization of differentiation with regulations that can strengthen the
stringency of ability tracking and limit interfering external influences, and data that include the
constructs and correlations required to identify the effects. Both conditions are fulfilled for the
German federal states: There are clearly different regulations for the implementation of
differentiation there, and with the ‘National Educational Panel Study’ (NEPS), a data set has
been available (since around 2016) that contains the theoretical constructs and information
required according to the Sorensen-Hallinan concept for the empirical identification of the

system effects of stringency.

To the best of our knowledge, this is the first time that an analysis has ever included all the
information needed to identify the system effects of ability tracking, in particular the additional

conditional regulations on stringency in the implementation, but also on the effects of cognitive



abilities and especially the effects of the social and cognitive composition of school classes, for
the niveau as well as for the homogeneity. The effects assumed by the differentiation position
were already evident in two, albeit still incomplete, preliminary analyses comparing the
German federal states (Esser and Relikowski 2015, Skopek and Dronkers 2015). This is
confirmed in the following analyses using the NEPS data, albeit on a not particularly strong
basis of case numbers, both overall and for the school classes. The most important limitation,
however, is the restriction to the German federal states and its differentiated system. An
international comparison to countries without any tracking in lower secondary schools would
have been more than desirable. Unfortunately, this is not possible because the necessary data
are lacking, and probably will be for the foreseeable future. But the described variance in
stringency within an otherwise differentiated system can also be seen as a variation in the degree
of integrative opening and, at least theoretically, extrapolated to full integration, at least as long

as a direct comparison is not possible.

The contribution is organized as follows. Section 2, immediately following, presents the needed
theoretical framework for the interplay of attainment, structuring and achievements in
secondary schools and Section 3 summarizes the hypotheses that can be derived from it. Section
4 describes the data, operationalizations and analyses, including the allocation of the German
federal states to the additional regulations mentioned above. The findings for the three aspects
are presented in Section 5: for sorting, transition and educational attainment section 5.1, for the
social and cognitive structuring of school classes section 5.2 and section 5.3 for achievement at
secondary school. Section 6 deals with some of the limitations of the studies, and Section 7
provides a brief evaluation, including a look at developments and the current status of the

question of the effects of ability tracking compared to integrated systems.

2. The theoretical framework

The starting point for the theoretical systematization is the details of the two theoretical
positions and the set of conditions and processes they share, as set out in the introduction: social
background and cognitive abilities, social and cognitive composition of school classes and
school types with effects on teaching and peer interactions. The relationships between the
interplay of conditions and processes can be illustrated in two rather simple sketches (Figures
1 and 2), the specifications of the “Model of Ability Tracking” (abbreviated as MoAbiT;
following Esser 2016a, b and Esser 2021, 2023).



Figure 1: The interplay of differentiation rules, classroom structure, learning conditions and
achievement at secondary school.
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The diagrams show the distribution of children in a school context according to social origin
(SES) and cognitive abilities (ABL) in three constellations (1a, 1b and 1c). An even distribution
of cognitive abilities according to social origin is assumed, i.e. equality in opportunities after
controlling for the primary effects of social origin, as is also shown empirically when cognitive

abilities are controlled for (Marks 2014, 2019, 2020).

There are two school types (higher track for the Gymnasium, lower track for the
Hauptschule/Realschule in the German system of differentiation). The division is indicated in
the three constellations by the bold lines, and those who attend the higher track are marked in
dark gray, the others in light gray. The points on the ABL axis indicate the mean values of the
cognitive abilities within the respective school types or the respective school classes belonging
to them, i.e. the cognitive level to which the instruction should be oriented in each case,

highlighted in light, gray and black for the three constellations. They represent the differences



between the school classes. The double arrows then indicate the different variances or ranges
of the cognitive abilities within the school types or school classes. These should be covered by
the instruction and describe the opportunities for peer interactions across the variance of

cognitive abilities within the respective school classes.

Two extreme cases can be distinguished: Sorting exclusively according to cognitive abilities
(ABL+ vs. ABL-), i.e. perfect ability tracking (Figure 1c), versus a pure status-based
distribution exclusively according to social origin (SES+ vs. SES-), i.e. a type of socially
exclusive "nobility" tracking (Figure la). When sorting only by social origin, cognitive
heterogeneity is maximized. Differentiating only by cognitive ability (Figure 1c) changes this
structurally: there are now school types or school classes with significantly different cognitive
levels and maximum cognitive homogeneity in each case. A purely cognitive differentiation
would also maximize the social diversity: If only achievements count, social background fades
into the background. In the middle (Figure 1b) is the case in which cognitive ability and social
background influence sorting together, i.e. as a collider variable, for given primary effects
generated via the secondary effects of parents' educational decisions that differ according to
social background, but also via the tertiary effects of the different assessments by schools

according to social background, particularly in the grades and recommendations.

The relationship of learning environments and achievement to system effects can now be simply
stated: With stringency, sorting, transition and educational attainment become more
meritocratic and this shifts the composition of school classes left to right from social
stratification, social homogeneity and cognitive heterogeneity to cognitive differentiation and
cognitive homogeneity of school classes with a simultaneous decrease in social stratification
and segregation. This has two consequences: Instruction becomes more efficient via the now
possible adaptation of curricula and the possibility of a stronger focus, while the opportunities
for overarching peer interactions decrease (cf. the arrows of varying strength below the
distributions for the school classes). And vice versa. Because both effects can exist empirically
simultaneously, a test of the MoAbiT would therefore depend on the gross effect. A positive
effect of stringency (after controlling for other relevant influences) would support the

differentiation position, while a negative effect would support the integration position.

Behind the processes shown in Figure 1 lies the empirical sequence of the different processes

of the educational trajectory in sorting, transition and educational attainment, structuring of



school classes and achievement at secondary school. This is outlined in Figure 2. Part 2a.
describes the general relationships as they exist in principle in all systems, part 2b describes
the system effects, i.e. the changes in the general relationships with the characteristics of the
respective education system, in this case: for stringency. The numbers 1, 2 and 3 indicate the
allocation of the effects to the three basic processes in the interaction of learning by children,
activities of parents and of schools, respective teachers (see Esser 2021, chapter 2 following
and extending the wellknown distinctions by Boudon): primary effects (social conditions and
cognitive development), the secondary effects (effects of educational decisions and family

support) and the tertiary effects (expectations, assessments and activities of teaching staff).



Figure 2: General relations and system effects in explaining achievement in secondary

education according to the Model of Ability-Tracking.
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In general, sorting, transition and educational attainment in differentiation are primarily
determined by achievement in elementary school, which in turn depends on cognitive abilities
and cognitive development in the family and thus on social background. Secondary effects, if
there is a choice, are educational decisions and the family's choice of school, as well as tertiary
influences such as the assessment of achievements via grades and recommendations. The
structuring of school classes is largely an analytical consequence of patterns in educational
attainment: Varying degrees of social and cognitive homogenization depending on the accuracy
and objectivity of cognitive placement as a consequence of the primary, secondary and tertiary
effects before (see the block arrow “homogenization” between educational attainment and
school/school class). The social composition of school classes is always also an indicator of
vertical differences in school classes in terms of facilities, resources and quality, and possibly
also in terms of stigmatization and devaluation. Finally, achievement at secondary school
depends primarily on prior achievement and cognitive ability, secondarily on further family
support and thirdly on school effects, i.e. teaching and peer effects. in each case determined by
the structures of the school learning environments: the social and cognitive composition of
school classes according to niveau and homogeneity, and thus also according to quality and
equipment on the one hand and the change in curricula and the focus of teaching and peer

interactions on the other.

The system effects are marked in part 2b by highlighting the conditions (edges) and relationships
(arrows) that have changed as a result of the stringency regulations. According to the theoretical
justifications of differentiation, stringency enhances early cognitive development in the family,
as well as achievement in elementary school and thus the primary effects of sorting and
transition and achievement in secondary school. At the same time, the secondary effects are
weakened (cf. the broken arrows from social background to the assessments in grades and
recommendations and to educational attainment). This may lead to a reduction in
misplacements and thus to greater cognitive homogenization without increasing social
segregation (cf. the block arrow again). The effects of cognitive and social composition can
thus be decoupled via stringency. For the school effects themselves, it is ultimately assumed
that the effects of the social composition of school classes do not change, but that the effects of
cognitive composition, both for niveau and for homogeneity, increase and that this then leads

to better achievements via better adapted and more focused instruction.
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3. Hypotheses and empirical approach

Table 1 summarizes the hypotheses for the three central processes of sorting, transition and
educational attainment (columns 1 to 3), the structuring of school classes (columns 4 and 5)
and achievement in secondary school (column 6). They follow the assumptions of MoAbiT as
outlined above. The upper part of the table shows the non-conditional general effects, while the
lower part shows the system effects. The system effects are particularly important for the test
of the model (highlighted in grey). Columns 1 to 3 describe the hypotheses for the processes
before the transition: cognitive development and achievement in primary school (ACE), school
recommendations (REC) and the transition itself (GYM), columns 4 and 5 those for the social
and cognitive structuring of the school classes (NSES and HSES or NABL and HABL) and
finally column 6 for achievement in secondary school (ACS). Listed in each case are the
expected direct effects after controlling for preconditions; possible indirect effects are indicated
via parentheses. Some of the possible influences are not considered further because they would
lead to over-controls (see Elwert and Winship 2014: 35f., Rohrer 2018: 38, Cinelli et al. 2001:
6): At recommendations (REC, column 2) and transition (GYM, column 3), the grades because
they are already formally included in the recommendations in some federal states (Esser 2023:
section 5.1), for achievements in secondary school (ACS, column 6) the achievements before,
the grades, recommendations and aspirations, because the changes in the efficiency of learning
that are decisive for the system effects relate solely to this, regardless of how they are

transmitted. (cf. Esser 2023, section 7.1).
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Table 1: Hypotheses for the general conditions and processes on sorting, transition and
educational attainment, structuring of school classes and achievement in secondary school and
the system effect of stringency on these in the implementation of differentiation according to
the MoADbiT.

Sorting, transition and Structuration Achieve-
attainment schoolclasses ment
1 2 3 4 5 6
Abbrev | ACE REC GYM NSES NABL ACS
iations HSES HABL

general relations
individual effects
socal background SES (6] +) ) )
cognitive abilities ABL + ) ) +
Achmnt. elem. school | ACE ) )
Marks MRK
Recommendation REC ()
Aspirations ASP +
School effects
Niveau SES NSES +
Homogeneity SES HSES +
NSES*HSES >0
Niveau ABL NABL +
Homogeneity ABL HABL +
NABL*HABL =0
school type GYM >0
System effects
Stringency (uncond.) (T) =0 <0 <0 0 0 =0
T*SES <0 <0 <0 >0
T*NSES - 0
T*HSES - 0
T*NSES*HSES 0
T*ACE/T*ABL + + + <0
T*NABL - +
T*HABL - +
T*NABL*HABL 0
T*GYM >0

For the aspect of sorting, transition and educational attainment, the general conditions for

cognitive development and achievements in elementary school (ACE; column 1),

13



recommendations (REC; column 2) and transition (GYM; column 3) all have a positive effect,
both directly and indirectly. For the system effects, there is a non-conditional effect equal to or
greater than zero (T<0 in column 1) and an interaction effect of T with the social background
of less than or equal to zero (T*SES<0) as well as a positive system effect with the
achievements before (T*ACE): with stringency, the achievements increase even before the
transition. For the recommendations (REC; column 2), a non-conditional effect of zero or less
is expected with stringency (T<0): Recommendations decrease with stringency. The interaction
effect of stringency with social background on recommendations would tend to be weaker
(T*SES<0) and that with prior achievement (T*ACE) would tend to be stronger. The
recommendations would therefore be fairer according to social background and prior
achievement. The pattern is repeated for the transition to the Gymnasium (GYM, column 3): a
reduction in the transition as a non-conditional effect of stringency, a rather decreasing effect
of social origin (T*SES) and a stronger link between the transition and previous achievement

(T*ACE).

Only the system effects are relevant for the structuring of the school classes (columns 4 and 5):
How do the respective covariations of the cognitive and social composition of the school classes
change with stringency? The hypotheses according to the MoAbiT are simple: there is
a decoupling of the cognitive from the social structuring with stringency and vice versa, both
for the niveau and for the homogeneity (NSES on NABL, HSES on HABL, NABL on NSES,
HABL on HSES).

On achievement in secondary school (column 6), social origin, cognitive ability, and prior
achievement have as general conditions a significant positive effect for the general conditions
and processes. For the school effects positive effects can be expected for social niveau and
social homogeneity insofar as empirically the equipment of schools and the quality of teaching
covary with social segregation. No effects on achievement are expected for the interaction of
social niveau and social homogeneity because, according to the theoretical model, this should
have no relation to learning efficiency via the general effects when controlling for cognitive
ability. Arguably, however, there should be additional positive effects for the interaction of
cognitive niveau and cognitive homogeneity: As heterogeneity in school classes is reduced, the
efficiency of learning becomes even stronger under favorable conditions, as hypothesized by
the aptitude-treatment interaction concept of learning (see Esser 20121: Section 4.1). This is
also true for the effect of school type (GYM). It is hypothesized that beyond the clustering of

favorable cognitive conditions, there is an additional increase in efficiency related to particular
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motivations and a more stable learning environment - both above and below in the niveau of
cognitive composition as a consequence of certain specialization gains for all (see the different
“Dimensions of Organizational Differentiation in Schools” of Tracking as curriculum,

exclusiveness, stability and ,,scope® of fields by Domina et al. 2019).

For the system effects of stringency, the (unconditional) main effect of stricter differentiation
(T) is expected to be an improvement in achievement levels in general. Values of the effect at
least greater than zero are expected for T after mediation of the other influences, but no
significantly negative ones. For the interaction effects of the system properties with the general
conditions in moderation, there would be no changes in the effects of the origin-related
conditions with stringency T as a conditional effect. In contrast, the influences of the cognitive
composition of the school classes should become larger, those of the niveau as well as those of
the homogeneity. A positive system effect of its own is also expected for the Gymnasium as a
school type: The effects of motivation, stability, exclusiveness and adaptation of the curricula
as further “Dimensions of Organizational Differentiation in Schools” should be even higher
with stringency than they already are in general. However, this effect should become smaller
with the control of cognitive niveau and homogeneity: The cognitive structures bear a
significant part of the effect of school type, and when they are controlled, the system effect of

school type should become smaller.

There are thus two crucial empirical estimands for the test of the theoretical model in the
decisive criterion of achievement in secondary education. 1. For the non-conditional eftect of
stringency in mediation, effects equal to or greater than zero are expected. 2. For the respective
conditional system effects, a three-way interaction between cognitive niveau, homogeneity, and
stringency (T*NABL*HABL) achievement is expected to improve with cognitive homogeneity
in combination with educational system stringency, but possibly in different ways in interaction
with cognitive niveau. However, the direction of changes conditional on niveau is left open.
Consistent with the theoretical model are scissor effects such that differences increase upward,
because that is an implication of the assumed increase in learning efficiency with cognitive
homogeneity and adapted curriculum and instruction. But with the gains in specialization
possible with stringent differentiation in the presence of cognitive homogeneity in school
classes with low niveau, the reverse may also be true: Stringency may especially help children

at low levels of achievement.
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4. Data, Operationalizations and Analyses

The theoretical considerations apply in a general sense, i.e., also to fully integrated systems. As
mentioned, the international comparative studies did not allow for the theoretical model to be
empirically tested because the necessary data were missing. Rather coincidentally, data from
the “National Educational Panel Study” (NEPS; Blossfeld et al. 2011) were available from 2016
to 2018, covering early developments in family and primary school, the transition to secondary
school and achievement in secondary school after two years for the starting cohort in 2011/12.
In addition, for this cohort, the 16 German states differed considerably in the regulations that
determined the actual implementation of differentiation: Binding and control according to the
concept of stringency in the theoretical model. This, in turn, allowed the model to be empirically
tested, albeit only conditionally on the differentiation otherwise generally applied in Germany.
Here is a description of the most important details concerning the data basis, the

operationalizations and the analysis strategy.

4.1 Data Basis and Analysis Sample

The cohort in the analyses considered here follows students who attended fifth grade in
Germany in the 2010/2011 school year in annual surveys and competency tests.? The variables
used are from the first to third waves of a written survey and ability test of the students and a
telephone survey of one guardian each. The three late-sorting states of Berlin, Brandenburg,
and Mecklenburg-Western Pomerania were not included in the analyses because the necessary
data for transition and achievement were not yet available in the third wave. From the remaining
13 states, 4719 students participated in the third wave of the survey. After excluding cases
without available results from the achievement tests in grade 7 (N=769) and those with
incomplete data for the model variables (N=1288), the analysis sample included 2636 students

from 181 schools and in 313 grades.?

2 Start Cohort 3, Grades 5-7, doi:10.5157/NEPS:SC3:8.0.1. NEPS data were collected from 2008 to 2013 as part
of the Framework Program for the Promotion of Empirical Educational Research, which was funded by the
German Federal Ministry of Education and Research (BMBF). Since 2014, NEPS has been continued by the
Leibniz Institute for Educational Progress (LIfBi) at the Otto Friedrich University of Bamberg in cooperation with
a Germany-wide network.

3 The high proportion of missing data due to incomplete information is a result of the relatively low willingness to
participate on the part of the parents. For about 30% of the students, the parent survey was not completed, which
is why some key information is missing for these cases, such as information on social and ethnic background,
which was recorded exclusively via the parents in grade 5. Additional control analyses, in which missing values
from later waves were replaced or taken into account by means of multiple imputation, provided essentially
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4.2 Variables and distributions

An overview of the variables used and key metrics for them can be found in Table 2. The listing
follows the order of the constructs in the model of Ability-Tracking shown in Table 1 in Section

3 above.

Achievement in secondary education (ACS), the dependent variable of interest, was measured
in seventh grade via competencies in reading comprehension and mathematics. Both
competency domains were assessed using test instruments developed and tested specifically in
NEPS (see Gehrer et al. 2013 for reading comprehension and von Neumann et al. 2013 for
mathematics). The WLE estimators of the two competency tests form the basis for the index of
achievement, which was calculated as the individual mean of both competency domains. The
results of the administration tests were z-standardized in advance (M=0, SD=1) to account for

the difference in the test scales.*

comparable results, as did earlier analyses with a similar survey design (Esser and Relikowski 2015). Even
accounting for sample or panel missing values by means of appropriate weights did not change the core findings,
which is why the results of the unweighted analyses are reported below.

* Separate analyses for reading and mathematics yielded mostly similar patterns of findings, but were somewhat
weaker for reading. In particular, the effects of cognitive homogeneity were more pronounced for mathematics
than for reading.
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Table 2: Range, means values and standard deviations of the constructs.

Constructs Min./Max. Means Standard Deviations
ACS -3,5/3,8 0,00 1,00
SES 0/1 0,53 0,22
ABL 0/1 0,60 0,21
NSES 0/1 0,55 0,13
HSES 0/1 0,61 0,11
NABL 0/1 0,65 0,17
HABL 0/1 0,49 0,12
GYM (in %) 0/1 58,4

T: Stringency (%) 1/3

T1 41,9

T2 20,3

T3 37,9

FEM (in %) 0/1 48,4

MBG (in %) 0/1 29,8

PSA 0/83 39,32 10,84
N_Students 2662

N Classes 349

ACH=Achievement grade 7, SES=social background, NSES=Niveau SES, HSES=Homogeneity SES,
ABL=cognitive abilities, NABL=Niveau ABL, HABL=Homogeneity ABL, GYM=school type, T=Stringency of
Tracking, FEM=female, MBG=Migration Background, PSA=preschool attendance (in months).

Social background (SES) is recorded as the highest status of the parents, measured by the ISEI-
88 index (after Ganzeboom et al. 1992).> To measure cognitive ability (ABL), the NEPS-MAT
developed for NEPS, a matrix test of reasoning (Lang et al., 2014), was administered in fifth
grade. The mean values of social background and cognitive ability represent the social and
cognitive niveau of school classes (NSES and NABL, respectively) in secondary school, and
the corresponding standard deviations represent the respective homogeneity (HSES and HABL,
respectively), with higher expressions corresponding to increasing homogeneity. The school
type (GYM) is operationalized as a dummy of the type of school attended at the beginning of

fifth grade (Gymnasium with 1 vs. no Gymnasium with 0), with children attending the

® For the purpose of comparison, analyses were also performed with the highest level of education in the family
according to the CASMIN index. In the main structures, there were no differences regardless of whether parental
education was considered separately from or with status. To avoid overcontrol, only the HISEI index was used in
the analyses.
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Gymnasium branch of a cooperative comprehensive school also classified as Gymnasium

students.

4.3 Stringency regulations in the German federal states

Similar to the Netherlands, Austria and Switzerland, Germany is one of the countries with a
differentiated education system with spatial and organizational separation of educational
pathways after elementary school. The specific organization is a matter for the 16 federal states.
There are clear differences in the specific regulations: The age at first division, the number of
options, offers of integrated schools and also in the regulations of stringency on bindingness
and control, which are the focus of the analyses here. The core of the analyses here is a
classification of stringency (T) consisting of three values, formed according to a typology in
von Below (2011, section 4.3) and a further expanded classification in Helbig and Nikolai
(2015; Figure 28: 286). This distinguishes between two fundamental dimensions:
modernization vs. traditionalism and de-standardization vs. standardization, each with 4 values.
Figure 3 shows the localization of the 16 federal states in the space of these dimensions for the

year 2010/1, the period to which the analyses in this article also refer.
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Figure 3: Stringency as combination of (de)traditionalization and (de)standardization in the
German federal states for the year 2010/11; own illustration; after Helbig and Nikolai 2015:
Figure 28: 286.
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BB=Brandenburg, BE=Berlin, BW=Baden-Wiirttemberg, BY=Bavaria, HB=Bremen, HE=Hesse, HH=Hamburg,
MV=Mecklenburg-Western Pomeraia, NI=Lower Saxony, NW=Northrhine-Westfalia, RP=Rhineland-Palatinate,
SH=Schleswig-Holstein, SL=Saarland, SN=Saxony, ST=Saxony-Anhalt, TH=Thiiringia.

In 2010/2011, Baden-Wiirttemberg, Bavaria and Saxonia are the three states with the highest
stringency (index value T3), Berlin, Bremen, Hesse, Mecklenburg-Western Pomerania, North
Rhine-Westphalia and Rhineland-Palatinate are the most open and liberal (T1), with all other
states in between (T2). Three federal states are not included in the analyses: Brandenburg,
Berlin and Mecklenburg-Western Pomerania. Here, the transition to secondary school does not
take place until the 6th grade (at the age of 12) and no corresponding data was available at the

time of the analyses.
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Table 3 shows the distributions for the 13 states included in the analyses, with stringency for
the index according to Helbig and Nikolai 2015 with five expressions between 4 and 8 (with 4
as the lowest value and 8 as the highest value). Based on these five values, the states were
divided into three categories. They correspond to combinations of the two specific regulations
mentioned in the model: The binding nature of the recommendations to limit secondary effects
and the control of school procedures via standardization and regular evaluations to limit tertiary
effects. The two types of empirical conditions can thus be assigned to the three types
theoretically delineated in Section 3 via specific institutional rules: T1 has neither bindingness
nor control, T3 has both bindingness and control, and T2 has only one of each of these

conditions (see Table 3).

Table 3: Assignment of the federal states to the values of the index index (from the list in Helbig
and Nikolai 2015, Figure 26: 286) and the three types of stringency.

Index Stringency 4 5 6 7 8
liberal stringent
BEHBHE | MVNW RP | BB HH NI BY BW SN
SH SL STTH

n5 352 762 539 354 655

Type Stringency T1 T2 T3

n3 1114 539 1009

N 2636

BB=Brandenburg, BE=Berlin, BW=Baden-Wiirttemberg, BY=Bayern, HB=Bremen, HE=Hessen, HH=Hamburg,
MV=Mecklenburg-Vorpommern, = NI=Niedersachsen, = NW=Nordrhein-Westfalen, = RP=Rheinland-Pfalz,
SH=Schleswig-Holstein, SL=Saarland, SN=Sachsen, ST=Sachsen-Anhalt, TH=Thiiringen; BE, BB, and MV
excluded from analyses as late-sorting countries (each indicated in italics; case counts exclude these three
countries); n5=case counts for the five categories between 4 and 8; n3=case counts for the three types/categories
included in the analyses here).

The reason for not operationalizing stringency as an index and continuous variable but as
classification of “types” of different rules for the implementation of Ability Tracking is a
theoretical peculiarity of institutional regulations. Following Lazarsfeld's well-known
distinction, these are "global" characteristics that affect a/l individuals within the respective
context — equally and independently from other traits. Therefore. Such types do not involve a
further level of aggregation, the decomposition of within-group and between-group variations
and usual "multi-level" analysis. This is different with school classes: niveau and homogeneity
for social background or cognitive abilities are "analytically" formed from the characteristics
of the individuals as context characteristics, so that variance decompositions make sense for
them. The number of units at the (federal) state level is therefore also irrelevant for identifying
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the effects of certain regulations. It would become significant if the analyses were conducted at
the macro level of aggregate data and there were no controls for the distributions of individual
conditions and school classes as in some analyses of the standard approach. Such analyses
assume that there are no changes in the individual relations with the system conditions, but this

is precisely what is envisaged for the system effects (according to the covariance theorem).

In all analyses, we control for child gender (FEM), migrant background (MHG, with 1 vs. 0),
and length of preschool attendance before enrollment (PSA), because the main competing
general socio-demographic influences on achievement should be found in these, but also
important aspects of state and residential district socio-structural differences. However, no
further macro-conditions are controlled for the country classifications according to stringency,
such as the degree of urbanisation, social segregation or the respective GDP: all such possible
effects are more than adequately controlled for in the NEPS via the controls for individual
conditions (such as social origin, migration status and pre-school attendance) and the
characteristics of the immediate school learning environments (social composition of school
classes according to niveau and homogeneity). Further controls would only unnecessarily

weaken the stability of the estimates.

No other characteristics of the federal states are taken into account, such as the two- versus
three-tier system or the age at the first sorting. The latter is excluded anyway because the
analyses refer to the seventh grade and there is no data on this in the NEPS (see above). The
combination of stringency and number of options would fall well below the limits of the number
of cases. Stringency is simply used to analyze another criterion of differentiation that can be
compared with the effects of other classifications within the given framework of the number of

systems and cases compared, but not in combination.

4.4 Estimations

To determine the effects, OLS regressions were calculated for metric variables (achievement in
elementary and secondary school, social und cognitive composition of school classes) and
logistic regressions for categorical variables (recommendations, transition). In the empirical
analyses of system effects on achievement at secondary school, the focus is on the achievement
of a given educational standard for verbal and mathematical skills in a comparison between

systems. To test the theoretical assumptions for school effects, hierarchical linear regression
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models were estimated with students at level 1 and school classes at level.® To quantify the
effect sizes, the dependent variable was z-standardized. Thus, the regression coefficients can be
interpreted as achievement differences in standard deviations. Furthermore, all continuous
independent variables, both individual and context characteristics, were transformed so that 0
corresponds to the lowest empirical value and 1 to the highest empirical value, respectively.
The regression coefficients thus show the maximum effect of the respective indicator. This
procedure also facilitates the interpretation of the interaction terms: The conditional main
effects each represent the effect of x1 at minimum expression of x2, and vice versa. The
interaction effects then represent the change to the conditional main effects when x1 or x2

assume the highest empirical expression.

5. Results

The overarching goal of the empirical analyses is to identify the system effects of the stringency
of ability tracking on sorting, transition and attainment, on structuring of school classes and on
achievement in secondary school (see also section 4 above on the hypotheses). The results for
all three aspects are presented in two steps: 1. the non-conditional system effects of stringency
under control of the general conditions according to the theoretical model (mediation) and 2.
the conditional system effects of the change in the general contexts in their interaction with the
stringency (moderation). The analyses follow the order of the constructs in the hypotheses in
Table 1 above: Effects of stringency on cognitive development and achievement in elementary
school, recommendations and sorting, transition and educational attainment (Section 5.1), on
the social and cognitive structuring of school classes (Section 5.2) and on achievement in

secondary school (Section 5.3).

8 For the identification and causal interpretation of school effects, there is a discussion that has gone on for quite
some time, the core of which is that context effects can be overestimated if the context characteristics are formed
from the respective dependent individual variables and/or the respective individual variables exhibit measurement
errors (Sacerdote 2011, Angrist 2014, Pokropek 2014, Marks 2015, Feld and Zo6litz 2017). Here, this risk is to be
assessed as rather low, at least in comparison to the studies to which the replication of the standard approach
applies here: to characterize the achievement-related composition of school classes, the dependent variable of
achievement is not used, as is often the case, but that of cognitive abilities. Therefore, the so-called leave-it-out
rule is not applied either, which would tend to generate biases in the analyses of school effects here (cf. Esser and
Seuring 2023). With the NEPS data, comparatively well validated tests are available, so that the measurement
errors should also be smaller than usual. Moreover, the findings prove robust to various other techniques of
controlling for other influences and measurement errors: In a recent study using more specialized techniques such
as multilevel structural equation modeling and propensity score matching (Lauermann et al. 2019), the same
relations are found as in conventionally designed analyses of school effects in differentiated systems.
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5.1 Sorting, transition and educational attainment.

The analyses for the first step of the sequence concern the cognitive development of the children
in the skills acquired by the end of elementary school (in reading and mathematics), the
recommendations at the end of elementary school and the actual transition to different
educational pathways. The hypotheses according to the theoretical model (MoADbiT) are shown
in columns 1 to 3 in Table 1 in Section 3 above. The corresponding results are summarized in

the three columns 1 to 3 from left to right in Tables 4a and 4b.

Table 4a: Achievement at the end of primary school (ACE, OLS), recommendations (REC,
logistic regression) and transition to secondary school (GYM, logistic regression), System
effects 1: Non-conditional effects of stringency (Mediation, bold: p<0.05).

ABOUT HERE

Table 4b: Achievement at the end of primary school (ACE), recommendations (REC) and
transition to secondary school (GYM) System effects 2: Conditional effects of stringency
(Moderation, bold: p<0.05).

ABOUT HERE

5.1.1 Achievements at the end of primary school

The results for achievement at the end of elementary school can be found in column 1 on the
left of Table 4a. Social background in general (at 0.14) and cognitive abilities in particular (at
0.33) have a significant influence on achievement at the end of primary school. In addition,
there is a significant non-conditional system effect of stringency (with 0.03 at T3). This means
that children in the respective federal states start at a higher niveau of achievement right from
the beginning in secondary school. It is a separate system effect to everything else, even before
there are any changes to the secondary school later. Behind this are apparently considerations
of anticipating the gains/losses if the achievements are sufficient for a positive recommendation
or not and if there is bindingness and not the option of choosing a school against the
recommendations (cf. Bach and Fischer 2021, Grewenig 2021, Osikominu et al. 2021). Further
analyses also show that this effect is stronger in three-tier-systems than in two-tier systems
(Esser 2023, Table 8.2: 471). This would also indicate that the estimated opportunity costs drive
efforts at the end of primary school, because the impending losses are even higher with three-

tier-systems systems (and stringency).
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The influences of social background and primary school achievement (resp. cognitive ability)
do not change further in the moderation with stringency (Table 4b, column 1) — with the
exception for the semi-liberal systems at T2 (with -0.07 in relation to the main conditional effect

at T2 with 0.05).

The result for the system effects of stringency on achievement before primary school is thus
easily summarized: It generally raises achievement levels already at the transition with
stringency, but then nothing more is added for this in secondary school. This would relate to
other processes, especially those that have to do with school effects after the transition (see

section 5.3 below).

5.1.2 Recommendations

The assessment of children's achievements in primary school forms the basis of the influence
that the school has on their subsequent educational trajectory. The schools' recommendations
are of particular interest here, as they directly determine the transition. The grades are indirectly
in the background and are included in the recommendations; therefore, they are not included
further due to the risk of over-control. For the general context, it is known and widely
documented that latent cognitive abilities and achievements control the ratings and thus also
the recommendations to a very considerable extent and that these are also largely "fair", both
socially and in terms of achievement, but that there are also significant inaccuracies and
distortions in which children from the lower classes or with a migration background are
particularly disadvantaged. But what effect do the rules of stringency as a combination of
bindingness and control have on the accuracy and biases in the assessments, especially
according to social background? This is described in Tables 4a and 4b in the centre column 2
for the system effects on the recommendations, first for the non-conditional system effects after

mediation, then for the conditional system effects during moderation.

The general influences show clear effects of social background as tertiary effects via
expectations and stereotypes of teaching staff and as primary effects on cognitive abilities in
the background rather and specifically on achievement at the end of primary school. This
confirms the known results: They exist, the tertiary effects of school assessments, but the much

stronger part is accounted for by the meritocratic part, specifically school achievement.

There are still no non-conditional system effects in mediation, nor are there any significant

changes or conditional system effects in moderation. However, this would not actually be
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expected after the MoADIT: the stringency should ensure that the assessments are
socially fairer and that recommendations are more closely linked to prior achievement (or
cognitive abilities) with all the consequences for the cognitive structuring of schools and school
classes. However, this is not the case with a high degree of stringency: the value of the
corresponding coefficient, T3*ACE, is not significant, but at -1.98 it is significant and negative.
It would appear that the otherwise strict federal states in particular have a lot of catching up to
do in terms of accuracy and objectivity of assessments. They could therefore easily

become even better than they already are.

5.1.3 The transition to secondary school

The right-hand column 3 in each of Tables 4a and 4.b describes the results on transition and
educational attainment. Again, the results are summarized briefly. In general, social
background, cognitive ability and - in particular - prior achievement in primary school have
strong direct (as well as indirect) effects, but so do recommendations once again and aspirations.
This is in line with the expectations of the theoretical model and, as far as it has been tested,
also with what is known about the general conditions of educational attainment. There are no
conditional system effects of stringency. There is also hardly any conditional change with
stringency. And there is also no strengthening of the effect of origin with stringency. However,
there is a closer link between achievement in primary school and the transition and educational
attainment, although this is (just) not significant (at -1.98 for T3*ACE). This means that the

transition becomes more performance-oriented with stringency, i.e. more meritocratic.

Overall, however, and in combination with the findings on cognitive development in primary
school achievement, this is a truly remarkable result: there is no further social stratification in
educational attainment with stringency of differentiation, there are gains in achievement level
right from the start of secondary school and greater equity in the distribution across the various
educational tracks. In other words, the results are completely different to those assumed by the

integration position and the findings of the standard approach.

5.2 The structuring of school classes

Transition and educational attainment generate the school structures at secondary
level analytically:  the cognitive and social composition of school classes

are statistical consequences of the allocations at transition. The central aspect is the question of
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whether and how stringency changes the respective correlative relationship for the structures
of school classes via educational attainment, on which causal follow-up processes may then be
based. In particular, the question is whether the social and cognitive structures of the school
classes are more strongly connected with stringency, as assumed by the integration position, or
whether decoupling occurs, as postulated by MoAbiT. The effects of these structural changes

on achievement at secondary school are then discussed in the following section 5.3.

This concerns the hypotheses in columns 4 and 5 in Table 1 in section 3 above. According to
the theoretical model, stringency should lead to a reduction in any covariations of cognitive and
social structuring. This would be reflected in a negative system effect of the covariation of
cognitive and social structuring. In the respective tables (5 and 6), therefore, the control of the
correlation via some other structural variables of the school classes comes first, the mediation
(models 1 to 3), then the moderation of the effect via the interaction with the stringency (model
4). Three variants are specified for mediation in each case: The overall effect as it empirically
results when nothing else is controlled (Models 1 in each case of tables 5 and 6), then the effect
controlling for the other structure, NSES on NABL and NABL on NSES, HSES on HABL and
HABL on HSES, (Models 2 in each case), and then controlling for class compositions by socio-
demographic composition for gender, migration background and pre-school attendance
(composition GMV; Models 3 in each case). Model 4 contains the theoretically decisive
empirical estimand in each case: the interaction effect of stringency with the other structural
condition, which describes the change in the covariation of the social and cognitive structures.
It is highlighted in gray for T3, i.e. the strongest stringency. Class size is controlled for in all

models.”

Table 5 shows the results for structuring at the cognitive and social niveau (NABL and NSES),
i.e. cognitive differentiation and social stratification of the school classes, viewed once from

the cognitive to the social structuring (5a) and then from the social to the cognitive (5b). Tables

7 In the NEPS data, the sizes of the school classes are smaller than they normally are empirically. Among other
things, this is a consequence of dropouts over the three waves of the study. The different sizes could have distorted
the effects because the weights of the influences would have been distributed differently across the classes.
However, this would only have had systematic effects if there had been selective dropouts according to class size.
However, this was not the case (see section 5.3 below). Statistical replacement procedures were generally not used
due to the often even more distorting assumptions. This produces rather conservative estimates, but no sign
reversal. Since we are not dealing here with causal relationships, the various controls could also be omitted.
Variations of the controls showed no evidence of systematic changes, especially not with regard to the sign in the
system effects, which are particularly relevant in this case (cf. Esser and Seuring 2023).
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6a and 6b show the findings for structuring in cognitive and social homogeneity and

segregation, respectively.

Table 5a: Cognitive differentiation (NABL) and social stratification (NSES) of school classes
according to stringency; NEPS; OLS; control class size; bold: p<0.05; abbreviations in the text.
ABOUT HERE

Table 5b: Social stratification (NSES) and cognitive differentiation (NABL) of school classes
by stringency; NEPS; OLS; control class size; bold: p<0.05.
ABOUT HERE

Table 6a: Cognitive homogeneity (HABL) and social segregation (HSES) of school classes by
stringency; NEPS; OLS; control class size; bold: p<0.05; abbreviations in the text.
ABOUT HERE

Table 6b: Social segregation (HSES) and cognitive homogeneity (HABL) of school classes by
stringency; NEPS; OLS; control class size; bold: p<0.05.
ABOUT HERE

The results for all four constellations in tables 5 and 6 can be summarized briefly. In the case
of mediation (models 1 to 3 respectively), there are clear covariations in niveau, cognitive
differentiation and social stratification (with values of 0.71 and 0.57 non-conditional in models
2 and 3, and 0.64 conditional in model 4). The situation is different for homogeneity and
segregation. There are no covariations of cognitive homogeneity and social segregation, nor
vice versa for social segregation and cognitive homogeneity. This corresponds to the current
findings of Brinkmann et al. (2024), according to which the ‘selectivity’ of individual schools
in differentiation alone does not change the cognitive and social structuring as

‘homogenization’.

Irrespective of this, however, all four comparisons show clear negative interaction effects of
cognitive and social structuring with stringency in the moderation (Models 4 in each case:
T*NSES or T*NABL and T*HSES or T*HABL). This means that cognitive differentiation
is decoupled from social stratification by stringency, in both directions and for
niveau and homogeneity, regardless of the value of the coupling beforehand. This is what the
theoretical model says and was specified as a model in Figure 1. In other words, the opposite
of what the integration position assumes with the hypothesis that cognitive differentiation and

social stratification are as it were already /ogically inseparable also applies here.
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5.3 Achievements in secondary school

The analyses for the achievement in secondary school follow again the order of the constructs
in the hypotheses in Table 1 in Section 3, column 6: the effects of individual social background
on achievement in secondary school first, then those of social composition of school classes,
then those of individual cognitive ability and cognitive composition of school classes, finally
also those of school type in secondary school. All constellations of school effects are examined
in the analyses: niveau, homogeneity, individually and together and also in their interaction.
According to the theoretical model (cf. Sections 2 and 3), it is expected that there will be a
gradual approximation to the differentiation position with the completion of the model from the
standard position to the MoADbiT: a stable, non-conditional system effect of stringency across
the general controls of mediation and conditional effects of stringency of the amplification of
the effects of the cognitive composition of the school classes in the moderation, but no increase
in the influence of social origin or that of the social composition of the school classes.
Irrespective of this, positive effects beyond the structural influences of the social and cognitive

composition of the school classes are expected for the school type.

5.1 System effects 1: Non-conditional (Mediation)

Table 7 displays the findings on the mediation of the system effects of differentiation. First the
analyses on social origin, then on social niveau and homogeneity of the school classes, then

analogously on the cognitive influences and finally on the effect of the school type.

Table 7: System effects 1: Non-conditional effects of stringency (Mediation, OLS, bold:
p<0.05)
ABOUT HERE

There are nine special observations. 1. there is a stable effect of stringency (T3) across all
controls. 2. there is also a significant effect of social origin (SES), which is also stable across
all controls. 3. the effect of individual social origin decreases (by one third) with the control of
the social niveau of the school classes (NSES in model 3). 4. there are no effects of social
homogeneity of school classes (HSES in model 3), nor of the interaction of social niveau and
homogeneity (NHSES in models 4 and 5). 5. the effect of social niveau is maintained across all
further controls, including that of cognitive composition, and only disappears when the school

type (GYM) is controlled for (model 11). 6. Individual cognitive abilities have a clear and
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additional influence on achievement, but they hardly change the influence of social background
(ABL in model 6). 7. the cognitive niveau in the school classes (NABL in model 7) also has a
strong influence, the effect of the social niveau is thus strongly reduced. 8. as before with the
social composition, the control of cognitive homogeneity or the interaction of cognitive niveau
and homogeneity changes virtually nothing (models 8 to 10). The only remaining non-
conditional influences are social background, cognitive abilities and the social and cognitive
niveau of the school classes (model 10). Social and cognitive homogeneity generally have no
influence, and the interaction of niveau and homogeneity does not change this. 9. With the
inclusion of school type, this changes again in two places (GYM in model 11): The effect of
social niveau disappears completely, but that of cognitive niveau remains. However, this is also
greatly reduced (from 2.20 in model 10 to 1.40 in model 11). The school type itself has its own
strong positive influence. This points to additional, pareto-optimal advantages of stringent
differentiation, quite similar to the findings by Domina et al. (2019: 309ft.) on exclusivity,

curriculum, stability and scope.

These findings confirm the hypotheses according to the MoAbiT for a generally and
unconditionally positive effect of differentiation and thus correct the standard- as well as the
integration position, according to which differentiation does not improve achievement in

secondary school, but only reinforces the effects of social background.

The question is then, on what already this positive non-conditional system effect is based.
According to the theoretical model, it would be reasonable to explain the effect with the
improvement of achievement already in elementary school (see the analyses above in sections
5.1 on cognitive development and achievement in elementary school): If there is bindingness
of recommendations and strong organizational control, the transition depends much more on
prior achievement, and this would be a strong incentive to make a special effort beforehand.
This is marked in Figure in Figure 2b on the right as the higher starting point for achievement
just after the transition. This means that with stringency from the beginning, even probably long
before elementary school, there is a certain advantage in achievement even before there may
be further effects after the transition. There is strong further evidence for such an effect,
specifically of the binding rule (Bach and Fischer 2021, Grewenig 2021, Osikominu 2021,
Esser 2023, Chapter 5).
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5.2 System effects 2: Conditional (Moderation)

In addition to the non-conditional system effects, there may still be changes in the general
relationships across the system characteristics. Table 8 reports the corresponding findings. In
it, the system effects of stringency T under control of the general conditions and correlations
are listed, in each case also for the change in the effect of school type. The order of the analyses
is the same as for mediation: the interaction effects of stringency (T) with social background,
then with social school effects, with cognitive ability and cognitive school effects, and finally

with school type.

Table 8: Conditional System effects of stringency 1 (Moderation, Interactions, OLS, bold:
p<0.05)
ABOUT HERE

The results can be summarized in six points. 1. there are no effects of stringency on the effects
of social background across all models of moderation, neither individually nor in the school
effects 2. the influence of cognitive abilities does not change with stringency, it even tends to
decrease (for T2). 3. the cognitive niveau of the school classes, on the other hand, improves
achievement consistently and under all other conditions (models 8 to 12). 4. on its own,
cognitive homogeneity of school classes has no influence (models 9 and 10). 5 However, this
changes with the interaction of stringency, cognitive niveau and cognitive homogeneity: there
are clear positive effects of niveau and homogeneity with stringency and an equally clear
negative effect of the (triple) interaction (model 10). This means that the positive effects of
stringency on niveau and homogeneity are (relatively speaking) higher in the lower
performance areas than at the top. 6 If the school type is added (model 11), nothing changes.
Compared to the effect of school type only for the social influences, the effect decreases slightly
(from 0.29 in model 6 to 0.22 n.s. in model 11). This is an indication that part of the conditional
effects of stringency are carried by the special features of the Gymnasium. These are gains that
are added and not lost elsewhere, as can be seen in the findings of Model 10 on the triple

interaction of stringency, cognitive niveau and cognitive homogeneity.

Taken together, this would mean a further correction of both the integration- and the standard
position, especially models 11 and 12 with the theoretically suggested triple interaction.
However, this combination of conditional effects of cognitive niveau, cognitive homogeneity,

and stringency points to a rather complex pattern of interrelationships. Figures 4 and 5
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graphically describe the findings for the crucial three-way interaction of stringency (T) with the
interaction of cognitive Niveau (NABL) and cognitive homogeneity (HABL) according to the
findings in Model 7 of Table 8. In figure 4, the interaction of NABL*HABL is shown separately
according to the three categories of stringency T1, T2, and T3, and in figure 5, as well as
according to the low and high cognitive niveau for the combinations of stringency and
homogeneity or heterogeneity. This allows us to look at the structures from all sides. We first

present figure 4.

Figure 4: The interaction of cognitive niveau, cognitive homogeneity, and stringency in
explaining secondary school achievement (from Model 7 in Table 8, all controls).

T1 T2
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The result is clear: under the liberal rules of T1 and T2, the effects of cognitive homogeneity
are independent of the cognitive niveau (and vice versa); under stringency in T3, they become
larger for children in low-niveau school classes. This is an effect of compensation, explainable

by the specialization gains just at the bottom of the niveau.

This is confirmed in the other plot of the interaction of cognitive homogeneity and stringency

with cognitive niveau in figure 5.
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Figure 5. The interaction of cognitive niveau, cognitive homogeneity, and stringency in
explaining secondary school achievement (from Model 7 in Table 8, all controls).
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The graph shows the effects for the combinations of high and low niveau of cognitive ability in
the school class, lower or higher cognitive homogeneity, and the three types of stringency (T1,
T2, T3). The estimation of achievement by heterogeneity versus homogeneity and low vs. high
niveau is based on the values for the respective 10% vs. 90% quantile of the corresponding
distribution, i.e., not for the extreme values. In combination with the three systems, this results
in the 12 different constellations in figure 5. Accordingly, the values shown characterize the
achievement differences of the respective combination for the quantiles compared to the
reference category (constellation 1: liberal regime T1, low cognitive niveau and heterogeneous
cognitive composition). The main result is that T3 has the strongest upward effect in all
constellations of niveau, homogeneity and stringency. However, the asymmetry of the effects
of homogeneity and heterogeneity according to niveau is also recognisable: at the bottom there
are positive effects of homogeneity, at the top there are positive effects of heterogeneity. In

other words, where there are no particular problems with achievement, heterogeneity is actually
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an advantage. This may explain why openness and integration is a (political) preference of the

social classes close to education.

For less distant comparisons, the differences become smaller, but they do not disappear.
Nevertheless, the results and the graphical representations should only be evaluated with a
certain degree of caution. The obvious problem is the increasing number and complexity of the
estimates, also in view of the rather narrow data basis of the NEPS. The constellations are still
quite simple and stable for social origin only, as analyzed by the standard position. It becomes
more difficult with the social school effects alone, but is still manageable (cf. the contributions
by Dunne 2010, Dronkers et al. 2011, Dronkers and Skopek 2015). With the inclusion of
cognitive effects, the uncertainties continue to grow, but they are still manageable: Analyses
with only the cognitive school effects (not further documented here) yielded the same findings
up to that point. For the analyses of the triple interaction and its quite surprising findings,

however, the limit may have been reached.

Table 9 shows the findings for analyses separated according to stringency. They allow simpler
and therefore more stable comparisons between the systems with, at most, two-way
interactions. To further simplify the estimates, the two less stringent system types, T1 and T2,
were combined. Controls with all three types yielded the same result. The comparisons refer to
two models each: one without and one with the two-way interaction of NABL*HABL (models

1 and 3 vs. 2 and 4), which may be so sensitive for the estimates.

Table 9: Conditional System effects 2 (Moderation, separated analyses, OLS, bold: p<0.05)
ABOUT HERE

The result is rather easy to summarize. In all comparisons, the effects of social origin are not
higher for stringency (T3) than for openness (T1/T2) and the influence of the social niveau in
the school classes is in almost every constellation weakened in the case of stringency. As before,
there are virtually no differences in the effect of individual cognitive abilities. In al// analyses,
the effect of cognitive niveau of school classes is stronger for stringency than for openness.
Effects of cognitive homogeneity are only evident in the two-way interaction with cognitive
niveau. Here, the additional finding of a stronger effect in the lower achievement levels from
table 7 is also recognizable. With stringency, there is also a stronger effect of school type, i.e.

the (pareto-optimal) scissor effect of the accumulation of favorable conditions across
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curriculum, stability, exclusivity and scope in the upper tracks, as was already visible in the

non-conditional findings for the school type (Table 7 above).

Taken together, this means a clear correction of the standard results and the integration position,
even if the stability of the estimates had to weaken with the increasing complexity of the
analyses: There are no increases in the effects of social origin via the stringency of
differentiation, not even in the effects of social segregation of school classes, but positive effects
of cognitive niveau and school type. And all of this is always already without the theoretically
recommended triple interaction of stringency, cognitive niveau and homogeneity. and all the
doubts that can certainly be attached to the stability of the statistical estimates in view relatively

low case numbers of the NEPS.

6. Limitations

Compared to the familiar standard studies, the NEPS offers in all its limitations a comparatively
sound basis, especially with regard to the completeness of the necessary theoretical constructs,
and also in part with the possibility of empirical analyses that could and have not been
conducted in this field before. As already mentioned in the introduction it is the first (and sofar
only) study that contains all the constructs necessary in the theoretical reasoning for and against
Ability-Tracking. In this respect, the aspects in which the NEPS goes beyond the previous
limitations in practically all studies before should be named first: no accounting for cognitive
abilities, the social and cognitive composition of the school classes and the conditionalization

of the effects on additional rules: the stringency of implementation.

Two limitations of this study, however, must be mentioned: The scope of the evidence and the
range and representativeness of the data, especially regarding the structural conditions of school
classes and school effects. The first point on the generalizability of the findings to international
comparisons undoubtedly touches on an important point that calls for caution. It needs certainly
to be clarified further, but this cannot be done in the foreseeable future and has not yet been
attempted. The findings indeed apply conditionally to a differentiating system, and any
generalization depends largely on speculation. Nevertheless, as already mentioned in the
introduction, the findings have also their own significance: It seems that it really depends on

the concrete implementation of Ability-Tracking, and this, it seems, is dependent on the
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additional regulations of bindingness and control. Three aspects add to the relevance of the
findings for the discussion of the system effects of Ability-Tracking. First, with the comparison
of the regional states in ome country, it would be a particularly conservative test of the
theoretical model precisely because of the smaller variation in the national context, and when
restricted to one national context, the problem of confounding across other macro variables,
economic, political, social, and cultural characteristics, for example, is considerably smaller
than in international comparisons. Second, the variation toward integrative systems in
international comparison is not as great as is often inaugurated. This was already shown by
Jackson and Jonsson (2013: 319f.), for example, who found to their own surprise that the
countries with different education systems hardly differed in the primary effects in an
international comparison and that it was rather the secondary effects that mattered, i.e.,
regulations restricting free choice. Third, the discernible internal differences among the German
federal states indicate that the national averages commonly used in the PISA reports, for
example, may have painted a misleading picture of the effects of strict Ability-Tracking:
Because there have been only a few German federal states with stringent differentiation (and
there are fewer and fewer), a wrong impression could be created that it was the stringency that
created the negative picture of low achievement and high social stratification in Germany.

However, it was (and is) quite different.

The second general objection to the scope of the findings is directed against the data situation
in the NEPS (cf. Heisig and Matthewes, 2022): The sample is said to be too small and biased
overall, and the number of cases in the school cohorts in particular is lower than the average.
These objections are also not unjustified, nor can they be fundamentally eliminated for the
present data set. Even with the greatest care, these problems affect panel studies in particular
and thus, as is certainly the case, NEPS as well. Large-scale cross-sectional surveys, such as
PISA or IQB, have an easier time of it: one does not notice the inconsistencies and omissions,
and the high number of cases can only suggest the validity of the findings as a mere statistical

certainty.

However, effects on the central findings with the NEPS data could only have been expected if
the realized exhaustion at class level, and thus the reliability of the composition characteristics,
varied systematically according to the characteristics of the education systems - which are
ultimately at the core of the question about system effects. This, however, was not the case. The

core findings of the analyses hardly changed as a function of the samples; in fact, they tended
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to emerge more clearly with increasing restriction to classes with high exhaustion. This suggests
that compositional characteristics are indeed less accurately represented in classes with low
case counts, which may be associated with an underestimation of the compositional effect
overall in the analyses. However, no evidence of systematic bias on the part of the (differential)
system effects could be found. There was also a total of 36 classes coded with a sample size of
one, making them inappropriate for determining within-class variances. Re-analysis adjusting
for this and others then revealed a reduction in the total number of cases by 26 (from a total of
2662 to now 2636), including via some further adjustments in the data resulting from the

widespread use and careful supervision of the NEPS.

None of this had any further impact on the substantive findings; the core findings were
confirmed after further cleanups (see Esser 2023, chapter 9). This at least suggests that it is not
the number of cases and the dropouts that may have caused biases in favor of the theoretical
hypotheses, but rather the opposite. Nevertheless, the question remains open, of course, and the
conclusion would be to proceed to investigations that contain everything on a broader basis and
then in international, as well as in regional comparison with sufficient case numbers, especially

then for the school classes.

7. Summary and evaluation

The paper focused on the question of the effects of ability tracking, which remains unresolved
even after decades of empirical educational research. Three fundamental shortcomings of
previous studies are assumed to be the reason for the inconsistencies in the findings and the
ongoing debates: 1. The approaches refer to a set of common conditions and effects, but derive
different theoretical predictions for the effects. 2. A/l relevant aspects have to be theoretically
separated and related to one another. But this has hardly ever been the case. 3. The effects are
based on different phases in the educational process: Sorting, transition and educational
attainment, the resulting social and cognitive structuring of schools and school classes and
achievement at secondary school after transition. But these are often not distinguished, such as
attainment and achievement in particular. The aim of the paper was to theoretically systematize
and complete the explanation of the system effects for the three topics and to empirically correct

it, especially for the achievements in secondary school.
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The results on the effects of stringency can be summarized in ten points. 1.stringency
increases achievement right from the end of primary school, apparently because there are
greater incentives to prepare for possible downgrading at an early stage. 2. in the stringent
sorting federal states, the recommendations for the higher educational track tend to be more
generous, so that misplacements are more likely to occur there, where achievement is otherwise
more important. The background to this could be an avoidance of conflicts with parents from
the upper classes, who are not simply prepared to accept this, in view of the higher cognitive
requirements. 3. the rates of transition to the higher trajectories and educational attainment are
lower in the stringent systems. There is no particular increase in the effects of social
background, nor is there a decrease, but there are indications that the link between the transition
and achievement is strengthened, i.e. that educational attainment becomes more performance-
oriented and meritocratic. 4. the structuring of school classes with educational attainment
shows a decoupling of the cognitive and social composition of school classes with stringency
in all variants as a result of the higher performance equity in the transition. 5. the achievements
in secondary school show, even after controlling for all relevant general conditions, a
significant positive non-conditional system effect of the stringency of (early) differentiation on
achievement in secondary education in the German federal states. 6. controlling for cognitive
ability and school structures up to school type, the effects of social origin shift to those of
cognitive ability and the corresponding school structures, respectively. 7. after all controls, a
clear unconditional general effect of individual social origin remains, i.e., in both open and
stringent education systems. 8. in the system effects, there is no reinforcement of the effects of
social origin or social composition of school classes with the stringency of differentiation. 9. in
all constellations of the interaction of stringency with the cognitive niveau is obtained with
stringency. 10. cognitive homogeneity supports achievement in the Jower achievement ranges,
if at all, but that in each case only when there is stringency in the arrangements for sorting,

transition, and educational attainment, i.e., a combination of binding and recommendations.

So, all in all, it does not look as the integration position and the findings of the standard
approach had suggested: there are increases in achievement and meritocracy with the stringency

of differentiation, but no reinforcements of social stratification in education - to say the least.

However, the analyses corresponding to the theoretical model were only possible in one specific
respect: the investigation of the effects of different regulations of Ability Tracking in

the German federal states. The international comparative studies lack key constructs and

38



analyses, especially the cognitive abilities and the cognitive composition of the school classes,
but also the stringency with which the implementation of Ability Tracking should actually take
place: the binding nature of the school recommendations at the transition and the monitoring of
organizational processes in the schools. For the German federal states, on the other hand, the
National Educational Panel Study (NEPS) provides a data set that contains everything that is
theoretically necessary. The disadvantage is obvious: a direct transfer of the findings to fully
integrated systems in an international comparison is not possible. It is therefore a question
of conditionalising the effects of an otherwise comprehensively differentiated system.
However, the open systems in the German federal states already come quite close to such full
integration: there is a free choice of educational tracks and the relaxation and flexibilisation of
many requirements and thus the core points of an educational system without sorting in the

compulsory school period and a clear flexibilization of teaching and interactions.

Even if there is no doubt that the NEPS data used as a basis did not have the necessary numerical
breadth for (even) more stable estimates, especially in the theoretically suggested estimands for
the interaction effects, and some technical doubts cannot be refuted, the results do not
correspond with the idea that opening up and relaxing the differentiation would improve
anything, even in the simple models where only the social origin and social composition of the
school classes are involved. Quite the opposite. Education policy, at least in Germany, has
largely followed the recommendations that the standard position so emphatically suggested
from the outset: Abolition of bindingness, relaxation of standards and requirements the
transition to a two-tier system and de-differentiation in curricula. All of this may also explain
why, roughly after gradually catching up in international comparisons after PISA 2000 to 2012,
there has been a gradual decline again in achievement levels in Germany after 2012 (cf.
WoBmann 2023) and that after 2020 the two most stringent federal states, Bavaria and Saxony,
have survived the various turbulences in the last years almost unimpaired (IQB, 2022). They,
unlike all others, did not drop in primary school achievement and later in secondary school. It
is primarily the children in those federal states that have always pushed ahead with openings

and relaxations, or have done so in the meantime, who have suffered.

These are all clear indications that the standard approach to identifying the systems effects of
differentiation has pointed in the wrong direction via its theoretical and empirical
incompleteness: It is not further openness that would have been the right path for the goals of

efficiency and equity in educational success, but rather the retention or (re-)introduction of the

39



additional regulations that can ensure that Ability-Tracking is indeed Ability-Tracking:

bindingness and control.
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41



Table 4a: Achievement at the end of primary school (ACE, OLS), recommendations (REC,
logistic regression) and transition to secondary school (GYM, logistic regression), System

effects 1: Non-conditional effects of stringency (Mediation, bold: p<0.05).

ABOUT HERE

Achievement elementary school Recommendations Transition
(ACE) (REC) (GYM)
SES 0,14 1.89 1.82
(0.01) (0.25) (0.37)
ABL 0.33 1.16 0.81
(0.01) 0.27) (0.37)
ACE 8.11 5.37
(0.48) (0.60)
MRK
REC 2.69
(0.15)
ASP 2.36
0.17)
T2 0.01 -0.18 0.52
(0.01) (0.22) (0.44)
T3 0.03 -0.18 0.50
(0.01) (0.19) (0.30)
FEM 0.00 0.36 0.01
(0.00) (0.10) (0.13)
MHG -0,02 0.03 0.38
(0.01) 0.11) (0.16)
VSB 0.00 0.00 0.00
(0.00) (0.00) (0.01)
c 0.18 -5.35 -7.28
(Pseudo-)R? 0.33 0.25 (0.55)
N 3042 3042 3042
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Table 4b: Achievement at the end of primary school (ACE, OLS), recommendations (REC,
logistic regression) and transition to secondary school (GYM, logistic regression), System
effects 2: Conditional effects of stringency (Moderation, bold: p<0.05).

ABOUT HERE
1 2 3
Achievement elementary school Recommendations Transition
(ACE) (REC) (GYM)
SES 0.14 1.72 1.81
(0.02) (0.38) (0.84)
ABL 0.35 1.16 0.79
(0.02) 0.27) (0.37)
ACE 9.03 5.79
(0.75) (0.40)
MRK
REC 2.74
(0.16)
ASP 249
0.17)
T2 0.05 0.11 0.68
(0.03) (0.68) (0.53)
T3 0.04 0.44 0.85
(0.02) (0.57) (0.54)
T2*SES 0.00 -0.22 -0.79
(0.03) (0.70) (1.37)
T3*SES 0.00 0.61 0.74
(0.03) (0.56) (1.45)
T2*ABL/ACE -0.07 -0.37 -2.98
(0.03) (1.13) (2.42)
T3*ABL/ACE -0.01 -1.98 2.65
(0.02) (1.03) (2.53)
FEM 0.00 0.36 0.01
(0.00) (0.10) (0.13)
MHG -0.02 0.03 0.38
(0.01) 0.11) (0.16)
VSB 0.00 0.00 0.00
(0.00) (0.00) (0.01)
c 0.16 -5.60 -7.78
(Pseudo-)R? 0.34 0.25 (0.63)
N 3042 3042 3042
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Table 5a: Cognitive differentiation (NABL) and social stratification (NSES) of school classes
according to stringency; NEPS; OLS; control class size; bold: p<0.05; abbreviations in the text.

Mediation Moderation
Control
Systemeffect Control Composition Interaction
on NABL NSES GMV System*NSES
1 2 3 4
T2 0.01 0.00 -0.02 -0.05
(0.03) (0.02) (0.02) (0.09)
T3 0.01 -0.03 0.02 0.17
(0.02) (0.02) (0.02) (0.08)
NSES 0.71 0.55 0.64
(0.19) (0.06) (0.08)
T2*NSES 0.06
(0.02)
T3*NSES -0.31
(0.02)
C 0.61 0.19 0.16 0.13
R? 0.00 0.32 0.39 0.40
N 339 339 339 339

Table 5b: Social stratification (NSES) and cognitive differentiation (NABL) of school classes
by stringency; NEPS; OLS; control class size; bold: p<0.05.

Mediation Moderation
Control
Systemeffect Control Composition Interaction
on NSES NABL GMV System*NABL
1 2 3 4
T2 0.02 0.02 0.00 0.05
(0.02) (0.02) (0.02) (0.06)
T3 0.06 0.05 0.05 0.23
(0.02) (0.02) (0.02) (0.05)
NABL 0.46 0.36 0.48
(0.04) (0.04) (0.02)
T2*NABL -0.07
(0.09)
T3*NABL -0.29
(0.08)
C 0.59 0.31 0.25 0.20
R? 0.02 0.34 0.38 0.39
N 339 339 339 339
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Table 6a: Cognitive homogeneity (HABL) and social segregation (HSES) of school classes by
stringency; NEPS; OLS; control class size; bold: p<0.05; abbreviations in the text.

Mediation Moderation
Control
Systemeffect Control Composition Interaction
on HABL HSES GMV System*HSES
1 2 3 4
T2 -0.02 -0.02 -0.03 -0.05
(0.02) (0.03) (0.02) (0.08)
T3 0.03 0.03 0.02 0.21
(0.02) (0.06) (0.02) (0.18)
HSES 0.03 0.04 0.16
(0.03) (0.06) (0.09)
T2*HSES 0.03
(0.18)
T3*HSES -0.28
(0.08)
C 0.66 0.64 0.55 0.46
R? 0.02 0.02 0.05 0.07
N 339 339 339 339

Table 6b: Social segregation (HSES) and cognitive homogeneity (HABL) of school classes by
stringency; NEPS; OLS; control class size; bold: p<0.05.

Mediation Moderation
Control
Systemeffect Control Composition Interaction
on HSES HABL GMV System*HABL
1 2 3 4
T2 -0.00 -0.00 -0.00 0.02
(0.02) (0.02) (0.02) (0.09)
T3 0.00 0.00 0.01 0.23
(0.01) (0.02) (0.02) (0.09)
HABL 0.03 0.03 0.15
(0.03) (0.05) (0.02)
T2*HABL -0.03
(0.14)
T3*HABL -0.33
(0.07)
C 0.68 0.66 0.76 0.68
R? 0.00 0.00 0.02 0.04
N 339 339 339 339
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Table 7: System effects 1: Non-conditional effects of stringency (Mediation, OLS, bold:

p<0.05)

(1 2 (3) 4) (5 (6) (7 )] ©) (10) (11)

SES 0,63 | 041 | 063 | 041 | 041 | 039 | 039 | 039 | 039 | 039 | 0,39
(0.08) | (0.08) | (0.08) | (0.08) | (0.08) | (0.08) | (0.08) | (0.08) | (0.08) | (0.08) | (0.08)

NSES 2,39 240 | 378 | 285 | 1,73 | 281 | 1,74 | 189 | 0.79
(0.18) (0.18) | (0.95) | (0.81) | (0.76) | (0.81) | (0.76) | (0.77) | (0.71)

HSES 039 | -048 | 051 | 043 | 030 | 041 | 031 | 038 | 0.09
033) | (0.27) | (0.72) | (0.62) | (0.58) | (0.62) | (0.58) | (0.58) | (0.53)

NSES*HSES 195 | -1.60 | -1.13 | -1.56 | -1.15 | -135 | -0.73
(133) | (1.13) | (1.05) | (1.13) | (1.05) | (1.06) | (0.96)

ABL 1,60 | 1,41 | 1,60 | 1,41 | 141 | 141
(0.07) | (0.08) | (0.07) | (0.08) | (0.08) | (0.08)

NABL 1,42 142 | 220 | 1,41
(0.17) 0.17) | (0.53) | (0.49)

HABL 0.13 | -0.06 | 0.66 | 040
0.18) | (0.17) | (0.50) | (0.45)

NABL*HABL 129 | -0.88
0.85) | (0.77)

GYM 0,56
(0.06)

T2 019 | 008 | 018 | 007 | 007 | 007 | 006 | 007 | 006 | 005 | 0.03
(0.11) | (0.09) | (0.11) | (0.09) | (0.09) | (0.07) | (0.07) | (0.07) | (0.07) | (0.07) | (0.06)

T3 026 | 013 | 026 | 014 | 014 | 0406 | 018 | 016 | 018 | 017 | 0,19
0.09) | (0.07) | (0.09) | (0.07) | (0.07) | (0.06) | (0.05) | (0.06) | (0.05) | (0.05) | (0.05)

FEM 0.06 | -0,06 | -0.06 | -0,07 | -0,06 | -0.02 | -0.02 | -0.02 | -0.02 | -0.02 | -0.02
(0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03)

MHG 0,10 | -0,09 | -0,10 | -0,10 | -0,10 | -0,08 | -0,07 | -0,08 | -0,07 | -0,07 | -0,09
(0.04) | (0.04) | (0.04) | (0.04) | (0.04) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03)

VSB 000 | 000 | 000 | 000 | 000 | -0.00 | -0.00 | -0.00 | -0.00 | -0.00 | -0.00
(0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00)

c 0,58 | -1,70 | 032 | -1,38 | -2,08 | -2,57 | -2.80 | -2,62 | -2,78 | -325 | -2,48
(0.10) | (0.12) | (0.24) | (0.22) | (0.52) | (0.45) | (0.42) | (0.45) | (0.42) | (0.52) | (0.48)

R level 1 001 | 001 | 001 | 001 | 001 | 014 | 014 | 014 | 014 | 014 | 0,14
R level 2 019 | 054 | 020 | 055 | 055 | 072 | 079 | 072 | 079 | 0,79 | 0,86
N: students 2636 | 2636 | 2636 | 2636 | 2636 | 2636 | 2636 | 2636 | 2636 | 2636 | 2636

N: classrooms 313 313 313 313 313 313 313 313 313 313 313
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Table 8: Conditional System effects of stringency 1 (Moderation, Interactions, OLS, bold:
p<0.05)
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(1) () 3) 4) (5) (6) ) (3) ) (10) (11) (12)

SES 041 | 044 | 041 | 044 | 044 | 044 | 043 | 043 | 043 | 043 | 043 | 043
(0.11) | (0.12) | (0.11) | (0.12) | (0.12) | (0.12) | (0.12) | (0.12) | (0.12) | (0.12) | (0.12) | (0.12)

NSES 0.80 | 070 | 0.65 | 056 | 0.79 | 1.05 | 0.74 | 1.03 | 0.76 | 1.03 | 093 | 1.05
0.71) | (0.72) | (0.71) | (0.73) | (0.98) | (0.98) | (0.98) | (0.99) | (0.98) | (0.99) | (0.98) | (0.98)

HSES 0.10 | 008 | 0.15 | 013 | 029 | 035 | 029 | 030 | 031 | 031 | 031 | 036
(0.53) | (0.53) | (0.55) | (0.55) | (0.71) | (0.71) | (0.71) | (0.71) | (0.71) | (0.71) | (0.70) | (0.70)

NSES*HSES 0.75 | -0.72 | -0.50 | -0.49 | -0.81 | -0.93 | -0.80 | -0.89 | -0.82 | -0.90 | -0.79 | -0.85
(0.96) | (0.96) | (0.97) | (0.98) | (1.35) | (1.34) | (1.35) | (1.34) | (1.34) | (1.34) | (1.34) | (1.33)

ABL 141 | 141 | 1,41 | 141 | 1,41 | 1,41 | 1,50 | 1,56 | 1,51 | 1,56 | 1,56 | 1,56
(0.08) | (0.08) | (0.08) | (0.08) | (0.08) | (0.08) | (0.12) | (0.12) | (0.12) | (0.12) | (0.12) | (0.12)

NABL 141 | 143 | 1,32 | 1,35 | 1,33 | 1,35 | 1,30 | 1,04 | 1,34 | 1,08 | 029 | 0.38
(0.49) | (0.49) | (0.49) | (0.49) | (0.50) | (0.49) | (0.50) | (0.51) | (0.50) | (0.52) | (0.72) | (0.72)

HABL 041 | 042 | 033 | 035 | 032 | 038 | 030 | 044 | 022 | 037 | -038 | -0.39
(0.45) | (0.46) | (0.45) | (0.46) | (0.46) | (0.46) | (0.46) | (0.47) | (0.48) | (0.49) | (0.69) | (0.68)

NABL*HABL -0.88 | -0.91 | -0.77 | -0.80 | -0.76 | -0.83 | -0.72 | -0.90 | -0.78 | -0.92 | 0.46 | 0.48
0.77) | (0.77) | (0.77) | (0.77) | (0.78) | (0.77) | (0.78) | (0.78) | (0.78) | (0.79) | (1.18) | (1.18)

GYM 0,56 | 0,56 | 0,56 | 0,56 | 0,56 | 045 | 056 | 056 | 056 | 056 | 056 | 047
(0.06) | (0.06) | (0.06) | (0.06) | (0.06) | (0.08) | (0.06) | (0.06) | (0.06) | (0.06) | (0.06) | (0.08)

T2*SES -0.13 | -0.18 | -0.14 | -0.18 | -0.18 | -0.18 | -0.16 | -0.16 | -0.16 | -0.16 | -0.16 | -0.16
(0.18) | (0.20) | (0.18) | (0.20) | (0.20) | (0.20) | (0.20) | (0.20) | (0.20) | (0.20) | (0.20) | (0.20)

T2*NSES 0.22 0.19 | 021 | 0.08 | 027 | -0.08 | 0.08 | -023 | -0.01 | -0.17
(0.37) 037) | 2.51) | (2.52) | (2.50) | (2.51) | (2.55) | (2.55) | (2.53) | (2.59)

T2*HSES 057 | 056 | 058 | 050 | 056 | 048 | 042 | 035 | 054 | 049
(0.69) | (0.69) | (1.95) | (1.93) | (1.94) | (1.94) | (1.97) | (1.97) | (1.96) | (1.95)

T2*NSES*HSES 0.04 | 0.11 | 0.14 | 044 | 037 | 066 | 041 | 051
(3.62) | (3.59) | (3.61) | (3.61) | (3.67) | (3.67) | (3.64) | (3.63)

T2*ABL 039 | -042 | 039 | -042 | -042 | -0,42
(0.19) | (0.20) | (0.19) | (0.20) | (0.20) | (0.20)

T2*NABL 0.21 0.18 | -0.36 | -0.50
(0.43) (0.44) | (1.35) | (1.40)

T2*HABL 022 | 0.17 | -0.28 | -0.30
0.41) | (0.41) | (1.25) | (1.26)

T2*NABL*HABL 076 | 0.78
2.12) | (2.14)

T2*GYM 0.04 0.11
(0.15) (0.17)

T3*SES 001 | -0.02 | 001 | -0.02 | -0.02 | -0.02 | -0.02 | -0.02 | -0.01 | -0.02 | -0.02 | -0.02
(0.16) | (0.17) | (0.16) | (0.17) | (0.17) | (0.17) | (0.17) | (0.17) | (0.17) | (0.17) | (0.17) | (0.17)

T3*NSES 0.11 0.13 | -046 | -1.17 | -048 | -0.99 | -0.50 | -0.99 | -0.17 | -0.54
(0.29) 0.29) | (1.47) | (1.49) | (1.47) | (1.49) | (1.47) | (1.49) | (1.51) | (1.52)

T3*HSES 053 | -0.53 | -0.98 | -1.04 | -0.99 | -1.03 | -1.00 | -1.04 | -0.51 | -0.56
0.41) | (0.41) | (1.15) | (1.15) | (1.15) | (1.15) | (1.15) | (1.15) | (1.16) | (1.15)

T3*NSES*HSES 084 | 1.10 | 0.86 | 1.09 | 0.88 | 1.10 | 0.02 | 0.16
(2.04) | (2.03) | (2.04) | (2.04) | (2.04) | (2.04) | (2.06) | (2.05)

T3*ABL -0.00 | -0.14 | -0.00 | -0.14 | -0.14 | -0.14
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0.17) | (0.18) | (0.17) | (0.18) | (0.18) | (0.18)

T3*NABL 0,72 0,70 | 3,18 | 2,93
(0.34) (0.34) | (1.09) | (1.10)

T3*HABL 0.19 | 0.12 | 2.49% | 2.46*
(0.35) | (0.35) | (1.05) | (1.04)

T3*NABL*HABL 414 | -4,09
(1.74) | (1.74)

T3*GYM 0,29 0.22
(0.12) (0.13)

T2 0.10 | 000 | -027 | -035 | -036 | -031 | -022 | -020 | -023 | -0.18 | -0.01 | o0.11
(0.11) | (0.20) | (0.46) | (0.48) | (1.34) | (1.34) | (1.34) | (1.34) | (1.35) | (1.35) | (1.47) | (1.49)

T3 0.8 | 0.13 | 054 | 048 | 0.80 | 099 | 0.80 | 0.66 | 0.71 | 0.61 | -1.22 | -0.99
(0.10) | (0.16) | (0.29) | (0.32) | (0.83) | (0.82) | (0.83) | (0.83) | (0.85) | (0.85) | (1.11) | (1.12)

FEM 0.02 | -0.02 | -0.02 | -0.02 | -0.02 | -0.02 | -0.02 | -0.02 | -0.02 | -0.02 | -0.02 | -0.02
(0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03)

MHG 0,09 | -0,09 | -0,09 | -0,09 | -0,09 | -0,09 | -0,09 | -0,09 | -0,09 | -0,09 [ -0,09 | -0,09
(0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03) | (0.03)

VSB -0.00 | -0.00 | -0.00 | -0.00 | -0.00 | -0.00 | -0.00 | -0.00 | -0.00 | -0.00 | -0.00 | 0.00
(0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00) | (0.00)

c 2,50 | 2,47 | 2,48 | 2,45 | 2,55 | 2,66 | 2,57 | 2,59 | 2,55 | 2,57 | 2,14 | 2,23
(0.49) | (0.49) | (0.49) | (0.49) | (0.58) | (0.58) | (0.58) | (0.58) | (0.58) | (0.58) | (0.63) | (0.63)

R>: level 1 0.86 | 0.86 | 0.87 | 0.87 | 0.87 | 0.87 | 087 | 087 | 087 | 0.87 | 087 | 0,88
R?: level 2 014 | 014 | 0.14 | 014 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0,14 | 0,14
N: students 2636 | 2636 | 2636 | 2636 | 2636 | 2636 | 2636 | 2636 | 2636 | 2636 | 2636 | 2636
N: classrooms 313 | 313 | 313 | 313 | 313 | 313 | 313 | 313 | 313 | 313 | 313 | 313
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Table 9: Conditional System effects 2 (Moderation, separated analyses, OLS, bold: p<0.05)

T1/T2 T3

(1) (2) (3) (4)

b/se b/se b/se b/se

SES 0,37 0,37 0,41 0,41
(0.10) (0.10) (0.13) (0.13)

NSES 1.16 1.14 -0.43 0.49
(0.94) (0.94) (1.02) (1.05)

HSES 0.44 0.45 -0.91 -0.24
(0.68) (0.68) (0.82) (0.84)

NSES*HSES -0.88 -0.85 0.58 -0.64
(1.29) (1.29) (1.39) (1.42)

ABL 1,40 1,40 1,42 1,42
(0.10) (0.10) (0.13) (0.13)

NABL 0,69 0.38 1,05 3,20
(0.23) (0.64) (0.23) (0.75)

HABL -0.09 -0.38 -0.06 1,99
(0.20) (0.59) (0.23) (0.72)

NABL*HABL 0.53 -3,47
(1.02) (1.15)

GYM 0,49 0,50 0,69 0,69
(0.08) (0.08) (0.09) (0.09)

FEM -0.03 -0.03 -0.01 -0.02
(0.04) (0.04) (0.05) (0.05)

MHG -0,10 -0,10 -0.08 -0.08
(0.04) (0.04) (0.05) (0.05)

VSB 0.00 0.00 -0.00 -0.00
(0.00) (0.00) (0.00) (0.00)

c -2,45 -2,28 -1,24 -3,03
(0.50) (0.59) (0.61) (0.85)

R2 level 1 0.13 0.13 0,16 0,16
R2: level 2 0.84 0.84 0,92 0,93
N: students 1632 1632 1004 1004
N: classrooms 198 198 115 115
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