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Leibniz Institute for Educational Trajectories (LIfBi), Bamberg, Germany

Academic achievement and educational decisions, which are strongly related
to primary and secondary effects, are the two main drivers behind the
emergence of social inequality in education. To understand this process in
more detail, even before final decisions have to be made, the reciprocal
influence of achievement and aspirations is of greatest interest. By not
simply looking at an ultimate outcome but investigating its antecedents
in a longitudinal fashion over the course of multiple years more insight
is gained. Using German large-scale NEPS panel data, it is possible to
demonstrate this co-development quantitatively. Cross-lagged panel models
are utilized to show that the achievement in mathematics (measured by
comprehensive achievement tests) and parental realistic aspirations influence
each other positively in a statistically significant way over the course of primary
education from grade one to four, even under the control of various potential
confounding variables. Further analyses reveal that this process is socially
stratified and works differently for lowly and highly educated families. Lower
educated parents pay more attention to the performance of the child when
adjusting their aspirations than tertiary educated parents, who always hold
high aspirations. The results are of interest to understand in more detail how
social inequality emerges at a very early point in the highly tracked German
educational system.

aspirations, achievement, competencies, socials stratification, primary education,
Germany, CLPM

Introduction

Understanding and explaining how individuals decide for or against educational
pathways is one of the most prominent themes in sociology and educational sciences
(Breen and Yaish, 2006). While these decisions are clearly of greatest interest, especially
for investigating how social inequality emerges or grows over time, focusing on these
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specific points in time, which are rather few when the entire

life course is considered, will hardly ever give a complete
picture of the situation as they are not able to fully explain
the process behind these decisions. In this context, social
inequality means the unequal chances individuals are facing
with respect to obtaining formal educational qualifications,
caused by differences in their social origin (especially different
level of parental education or the financial means of the
family). Overall, one can consider these decisions the final
consequence of longer lasting developments, which are, due to
their extended temporal nature, much harder to understand
and particularly to capture using survey methods. Nevertheless,
these processes are of immense importance and relevant to
better understand how and why decisions are made. Especially
so in the German educational system, which makes families
decide the educational trajectories of their children at a very
young age (Schindler, 2017). As will be outlined in more detail
below, the interplay of academic performance and educational
aspirations is the defining aspect of this development as they
comprise both primary and secondary effects (Boudon, 1974;
Neugebauer et al., 2013). Here, primary effects are differences
between social groups with respect to actual performance
while secondary effects are differences in decisions, even when
holding performance constant. Their independent influence on
subsequent educational decisions has been well-researched in
the past but it is only little understood how these two influence
each other dynamically over time (Pietsch and Stubbe, 2007;
Buchholz et al.,, 2016). Due to the early age of the children in
primary school and the usually decisive influence of the parents,
as will be further outlined below, parental aspirations are the
focus of the following analyses. Exemplary, parents may adjust
their aspirations continuously, depending on the feedback they
receive from the performance of their children in school.
Conversely, it makes sense to assume that parents with initially
high aspirations will try to influence the academic performance
of their offspring, especially when it lags behind expectations.
Capturing and measuring these processes in a quantitative
fashion appears to be a major interest for educational research.
This knowledge is critical to assess how early and how strong
social inequality develops in the German system. Thus, the
overarching research questions that are guiding the following
analyses are: how do parental educational aspirations and the
achievement of children co-develop over the course of primary
education in Germany? Is this process socially stratified?

To summarize, the following study contributes to the
literature in various aspects. First, a theoretical framework is
built upon well-established sociological theories that integrate
both primary and secondary effects in a longitudinal fashion
and allow to capture a dynamic feedback process. Second, it
introduces a large-scale and high-quality German panel dataset
that makes it possible to investigate named theoretical aspects
empirically using a large number of relevant variables and
account for potential confounding. Third, it contributes to
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the ongoing discussion of selecting an appropriate statistical
model to answer posed questions for these dynamic feedback
loops. Finally, by considering socially stratified effects the study
makes it clear how early these social differentials emerge and
how they contribute to social inequality that increases over the
course of primary and secondary education. Overall, empirical
evidence is provided that might be relevant for the evaluation
and adjustment of policy to reduce the emergence of social
inequality at a very early point in the life course.

Materials and methods

Theoretical considerations

In this chapter theoretical arguments will be presented.
First, an explanation of how early educational aspirations
develop will be given. Second, following the theoretical
account, testable hypotheses are formulated that will guide
the following empirical analyses. Third, previous research
results are summarized to give an overview of the current
state of knowledge.

The early development of educational
aspirations

Theoretically, parents can have aspirations for their
child even before it is born, particularly regarding idealistic
aspirations. These are not grounded in any known limitations or
restrictions, and only express wishes and ambitions. Generally,
one can define aspirations as a “cognitive orientational aspect
of goal-directed behavior” (Haller, 1968, 484). The realistic
aspirations, which are the focus of the following study, can
thus be understood as a compromise between the idealistic
aspirations and any given limitations. These can be financial
(costs of schooling or forgone wages), social or academic.
In the German system, this last aspect is usually the most
relevant one since schooling is free of charge, and pupils
are sorted by ability in an early and strongly tracked system
(Eckhardt, 2017). Consequently, as the child develops, parents
will usually update their aspirations based on the general
cognitive and academic performance of the child. One can
assume that this is a dynamic feedback process as parents
receive information on their child through his or her behavior,
notions, and interests. Then they can either try to influence
the performance of their child or readjust their aspirations.
This becomes especially relevant as soon as the child enters
primary education (aged 6 to 7 years), which lasts four years in
most federal states. Afterward, pupils are sorted by their ability
(choice of secondary schooling). Hence, these four years are
highly relevant to develop and recognize the overall academic
ability and interests of the child. One can also assume that
this is a dynamic process between parents and children (as
they influence each other). However, since one of the strongest
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sources of filial aspirations is the parental ones (Sewell and
Hauser, 1980; Golz and Wohlkinger, 2019), it makes sense
to focus specifically on the parental aspirations. What must
also be considered is that a child in primary school is usually
not able to grasp the overall importance of education and
the meaning of various educational qualifications. Therefore,
looking especially at parental realistic aspirations makes more
sense at this young age.! It has been demonstrated empirically
that aspirations mediate up to 80% of the effect social origin
exerts on secondary school track choice in Germany and that the
most relevant explanatory factor is parental realistic aspirations
(Bittmann, 2022). Nonetheless, these explanations which are
based on the influence of significant others, better known as the
Wisconsin model of status attainment, usually assume rather
constant aspirations and are therefore not detailed enough to
explain why aspirations should change, as the significant others
(e.g., parents, teachers, family or friends) are normally steady
(Sewell and Hauser, 1993; Andrew and Hauser, 2011). To gather
further insight, one can invoke well-accepted theories that focus
on rational deliberations, which are an important complement.

According to theories of rational choice and derived
formalized frameworks, parents want their children to at least
reproduce their social status to avoid social demotion, which is
referred to as the concept of status maintenance or relative risk
aversion (Breen and Goldthorpe, 1997; Stocké, 2010). The initial
aspirations are hence based on the parental social status and the
respective educational qualifications. Therefore, highly educated
parents have a strong incentive for their child to reproduce
their status (and educational qualification), which requires
showing high academic performance in school. For children
of parents with low qualifications, this is apparently different
as even mediocre performance will be sufficient to reproduce
the parental status. Thus, the initial aspirations are probably
based on status and qualifications, which are usually rather
constant. So why would parents modify their aspirations at
all? Following arguments of rational choice theory, adjustments
are required whenever some parameters change. For example,
if it turns out that the ability of the child is too low and
entering the academic track is hence not feasible, parents will
adapt their aspirations to avoid additional costs (dropping out
of the academic track before completion). As in the German
system, academic performance is the most relevant factor for
sorting and assessing pupils, it makes sense to focus on this
aspect. The most relevant distinction between the Wisconsin
model of status attainment and most rational choice theories
is that in the former, aspirations and expectations are seen
as rather constant and mostly depending on the (usual not
changing) social status of the family, while the latter invoke
aspects like Bayesian learning or information updating, meaning
that parents can continuously adapt their beliefs whenever

1 Ultimately, it is the parents who select a school and enroll their child.
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they receive new information (Morgan, 2005). If this holds,
it means that aspirations are potentially in constant flux as
some information emerges over time as the child matures (for
example, interests and abilities). Others are provided by the
school in form of tests and grades, which can also be regarded as
a rather continuous process since in primary schooling multiple
smaller tests are held, distributed over the entire year. The final
grade is therefore only a summary of the information parents
have received earlier on. For the posed research questions this
seems especially relevant as a development (and not an event)
is investigated that assumes that parents are actually able to
change their aspirations. There is some good evidence available
that this is actually the case and that both children and parents
adapt their aspirations (Andrew and Hauser, 2011; Carolan,
2017; Forster, 2021). As should be made clear, these studies
usually rely on a drastic external shock (e.g., track placement
after primary schooling), which is often not anticipated and
is therefore a strong and sudden update to the beliefs of the
families. The question arises whether updates of aspirations
will also occur continuously over time in the absence of strong
shocks but depending on a steady yet important influx of
new information (for example, through schooling grades or
developing interests of children). Also of great relevance is
that this process differs, depending on the social status of the
family (Karlson, 2015, 2019). The studies highlight that high-
achieving pupils from socially disadvantaged families have the
strongest reactions to signals about academic achievement when
aspirations are adapted. This shows that socially stratified effects
exist. As another study reports, in the German system, both the
Wisconsin model as well as theories of information updating are
valid and contribute to an explanation of social inequality with
respect to differences in decision-making (Zimmermann, 2020).

Co-development and hypotheses

After having outlined the theoretical aspects of performance
and aspirations separately it is now necessary to form an
integrated model that explains how these two aspects can
influence each other for guiding the following analyses.
Theoretically, there are various arguments why crossed effects
should be present, meaning that aspirations can influence
performance and the other way round as well. In this section,
all aspirations are meant as realistic aspirations (already shortly
discussed before) since only those are subject to continuous
updating.? Starting with aspirations, it makes sense that parents
with initially high aspirations will attempt to influence the
performance of their children, especially when it falls behind
expectations. Parents are well aware of the fact that certain levels
of performance are required to persist in the most demanding

2 While the idealistic aspirations can function as predictors of
achievement and latter realistic aspirations, they should not be itself
depend on the subsequent values of these two variables and are
therefore not part of the derived dynamic model.

frontiersin.org



Bittmann

schooling tracks, even in the absence of binding teacher
recommendations (Bittmann, 2021). If the grades attained are
not good enough, children are not able to transfer to the next
highest schooling grade and need to repeat the class or even
have to switch to a less demanding school form. Consequently,
even with very high aspirations and potentially other means
to aid the transition to the desired track, parents know that
the child’s performance is still an important requirement for
educational success. They have various options to influence
performance, especially using tutoring and offering additional
learning resources to their children (Beal et al, 2007; Hof
and Wolter, 2014). Often, these means of support come with
financial costs and are not available to all families. Another
option is to communicate to the child how important education
is for having a successful life and to motivate him or her to
invest more time and effort in school, learning and homework
(Gottfried et al.,, 1994). Apparently, this is a gradual process
that can be as low as giving advice or as high as forcing the
children to learn and punish them if they fail to do so. Of course,
given the constraints of intellect and cognitive performance,
motivating or even punishing children can only do so much as
there are other limits that are beyond the influence of parents.
In conclusion, one can expect: the higher the educational
aspirations of the parents, the higher the academic performance
of their children (Hypothesis 1).

To continue with the role of performance, it is obvious that
effects in the inverted direction are also possible. As outlined
before, parents usually adjust their aspirations on the basis of the
information they receive about their child (Bayesian updating).
Clearly, as performance is one of the most relevant predictors
of future educational success, it makes sense to assume that it
will affect the formation of aspirations as well. For example,
assuming that parents hold low aspirations at the start of
primary education, noticing that their child is well-performing
and mastering the requirements easily might be important
information to readjust aspirations. When academic success
appears to be in reach, there are good arguments to choose a
more demanding schooling track as it offers higher educational
qualifications and opens up more educational pathways. While
this is not necessarily the case for all parents, one can
expect, on average, that performance influences aspirations
positively (Hypothesis 2).

However, this expectation comes with some limitations
which are derived from the theories previously discussed.
Parents of socially benefited families usually always hold high
aspirations and need their children to reach high education,
so they are able to reproduce the parental status (status
maintenance hypothesis). It is unlikely that these parents will
easily readjust their aspirations, even if they notice that their
child struggles to reach average performance in class. The
motive to acquire a high academic education is simply too strong
to abandon this initial goal. Parents from socially disadvantaged
families will probably react differently as they do not have these
strong incentives to start with. An additional argument for
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socially stratified effects stems from parental support. Socially
benefited families have much more resources available they can
invest in their children, due to additional financial or social
support. This is not the case for socially weaker parents. They
know that when their child fails in school there is little they
can do to help the situation as tutoring or extra assistance are
not affordable. This means they have to rely much more on the
actual performance the child delivers right now and be careful
to not overstretch their aspirations. If it becomes clear that
the child struggles in school, it is not wise for them to keep
high aspirations as this could mean additional (sunken) costs.
Therefore, one would expect socially stratified effects: parents
of socially disadvantaged families will readjust their aspirations
more easily than parents of socially benefited families (Karlson,
2019; Forster, 2021). In other words, socially disadvantaged
families pay more attention to the academic performance
of their children when adjusting aspirations while socially
benefited families always keep up high aspirations, regardless of
the academic performance of their child (Hypothesis 3).

To give an overview, a figure is presented that summarizes
the (causal) pathways over the course of primary education
(Figure 1). As there are three school grades included in
the following analyses, only these points in time are shown.
As becomes clear, performance and aspirations are able to
influence each other but only in the subsequent wave to
account for the temporal order of the events. Additionally,
delayed effects are potentially allowed, meaning that variables
can directly influence previous waves which are not necessarily
mediated by waves in between. The reason for including these
are discussed in more detail when the model selection is
outlined further below.

To summarize, the following analyses will give new research
insights that go beyond what has been done before. Most
importantly, this is the first large-scale (N > 4,000, 360 schools)
analysis that includes actual performance, measured by high-
quality achievement tests that are independent of parental,
filial or teacher assessment, thus greatly reducing any related
measurement errors. It gives insight into the development
of aspirations, which is rather unique. Furthermore, a large
number of relevant control variables is available to account for
spurious correlations and avoid biased estimations. As explained

—N
Math,, Math,, Math,,
Aspiration,, Aspiration,, Aspiration,,
—_— I s
FIGURE 1

Theoretical model. Source: own design. No measurements are
available for t3, which is hence omitted.
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in more detail below, the total causal effect is estimated,
not separating between and within influences. Finally, as this
study comes from a more sociological perspective, the socially
stratified nature of the effects is of special relevance. The overall
aim is to explain how early educational inequality forms, which
might be relevant for policy and interventions.

Previous research findings

First, selected studies are presented that investigate
one-directional effects, so either effects of aspirations on
performance or vice-versa. Afterward, research findings are
presented that especially focus on the co-development between
achievement and aspirations (or related aspects). To start with
the influence of aspirations on achievement, there are quite
some studies from varying cultures and contexts that show
that positive influences exist. While some reports only present
correlations (Cherian, 1994; Rothon et al.,, 2011; Ahuja, 2016),
others attempt to isolate the effects by introducing control
variables (Abu-Hilal, 2000; Marjoribanks, 2005; Carroll et al.,
2009; Ansong et al., 2019). The overall picture is that high
aspirations are associated with better performance, on average.
Interestingly, parental aspirations even have a statistically
significant positive influence on grades in German secondary
education under control of academic performance (measured
by test-scores) and other potential confounders (Bittmann
and Mantwill, 2020). Overall, the evidence underlines that
aspirations of both, parents and their children, can affect
the filial achievement. The external validity of the findings
is probably high since there is a large variation with respect
to important parameters of the studies, like country, culture,
statistical method or operationalization. The conclusion is that
we can expect positive effects of aspirations on achievement.

To continue with the effect that performance can have
on aspirations, we also find positive evidence. Pupils with
the highest academic achievement also report the highest
educational aspirations (Widlund et al., 2018) and achievement
can function as a filter for future aspirations (Shapka et al,
2006). This is in line with other studies that find that
achievement predicts aspirations for university majors (Parker
et al., 2014). Some more studies come to similar conclusions
in secondary education (Christofides et al., 2015; Korhonen
et al,, 2016; Widlund et al.,, 2020). Again, the external validity
is probably high since difference stages in the educational
system are investigated and different measures are available. To
conclude, given these empirical results it makes sense to assume
that performance does indeed affect aspirations.

Finally, to come to the most relevant part, the cross
dependencies of aspirations and achievement, one recent
Swiss study finds suspected positive cross-lagged effects of
parental aspirations and the academic self-concept of the
child (Buchmann et al., 2022). Self-concept refers to a self-
assessment of the child of how well it does with school
and performance and is potentially a rough proxy of actual

Frontiers in Education

05

10.3389/feduc.2022.923361

performance. While it is not exactly performance but rather
how the child perceives its own achievements, this is highly
relevant as it shows that parents and children are able to
influence each other. As the authors utilize the RI-cross-lagged
panel model (CLPM) one would expect that their findings
probably display a lower bound of the effect sizes since trait-like
components (the stable components) are partialed out. Further,
a Romanian study investigating the interrelations between GPA
and personality traits (Big Five) using both kinds of models
(CLPM and RI-CLPM) to distinguish between within-person
and between-person influences finds that a high GPA can have
some protective effects against negative longitudinal effects, like
growing neuroticism (Negru-Subtirica et al., 2020). A German
study investigating the development of academic self-concept
and reading achievement compares multiple statistical methods
and only finds between-individual but not within-individual
effects, thus questioning the reciprocity of the constructs in
elementary school children (Ehm et al.,, 2019). However, as will
be discussed in more detail below, separating between- and
within-effects is often neither necessary nor useful. Lastly, a
study from the United States which also looks as mediation
pathways between the two constructs of interest reports that
achievement and aspirations influence each other over the
course of five waves, even under control of other factors such
as overall cognitive ability (Guo et al, 2015). However, the
parents were not surveyed and the measures were taken from
pupils only. All in all, there is sufficient recent evidence available
from multiple countries to conclude parents and their children
influence each other over the course of multiple years and
readjustment processes of named constructs are present.

Empirical research

Data, variables, and methods

In this chapter the data, sample, and variables of the
empirical analyses are introduced. Afterward, the analytical
model is described.

Data and sample

The following analyses are based on the German National
Educational Panel Study (NEPS), Starting Cohort 2 (SC2), which
initially sampled children in kindergarten (about 4 years old)
in 2011 (Blossfeld and Rof3bach, 2019; NEPS Network, 2020).3
The children and their families were then repeatedly interviewed
(approximately once per year), which makes it possible to

3 This paper uses data from the National Educational Panel Study
(NEPS): Starting Cohort Kindergarten, doi: 10.5157/NEPS:SC2:9.0.0. From
2008 to 2013, NEPS data was collected as part of the Framework
Program for the Promotion of Empirical Educational Research funded
by the German Federal Ministry of Education and Research (BMBF). As of
2014, NEPS has been carried out by the Leibniz Institute for Educational
Trajectories (LIfBi) at the University of Bamberg in cooperation with a
nationwide network.

frontiersin.org



Bittmann

trace their trajectories over time (panel data). In addition to
the surveys, participating children were invited to take part
in competencies tests developed by the NEPS. Since this is a
long-running panel, all children have transferred to secondary
education and complete trajectories are available for primary
schooling. Summarized, the NEPS is a powerful data source
since it not only provides high quality individual panel data
but also information on the family, social background, schools,
and competencies in various disciplines. Of special interest for
the following analyses are waves 3 to 6, which correspond to
schooling grades 1 to 4 (the normal range of primary schooling
in Germany). For this study, the competencies are restricted
to the tests in mathematics, which were conducted in waves
3, 4, and 6. Other domains of interest, especially the reading
competencies, were not used since they were measured less
often. Note that math competence was not tested in wave 5
(grade 3), therefore this wave is omitted from the analyses.
Initially, there were 6,734 pupils participating in grade 1. There
are no sample restrictions besides removing pupils with a lot of
relevant information missing (never taking part in any math test
or the parents never taking part in the adult survey) and pupils
who have been identified as having special educational needs.
After conducting multiple imputation (for details see below),
there are 4,325 cases left for analysis.

Variables and operationalization

Parental aspirations are measured using the following item:
“And considering everything you know now: What qualification
will [name of the child] actually finish school with?”. This item
is dichotomized into higher education entrance qualification
(Abitur, coded 1) or any other lower educational degree (coded
0) as this reflects the most relevant theoretical distinction
(directly able to enter tertiary education or not). This item
measures realistic educational aspirations - what a child can
actually achieve. Idealistic aspirations (which are by design
independent of prior achievement or any other economic or
social restrictions) are not used since they should be, according
to theory, rather independent of performance and are therefore
not optimal for the analyses.

Performance is measured using the comprehensive NEPS
tests which are conducted within the classroom context in
grades 1, 2, and 4. To be precise, the mathematics tests are
used since this competence domain has been tested the most
often in the NEPS primary school sample. To give a concrete
example, in grade 4, 24 questions are posed to the children,
which are then scaled using a partial credit model (Schnittjer
et al., 2020). The general conceptual framework is oriented
at other comparable tests (like PISA) and attempts to cover
various mathematical aspects like quantity, space and shape or
interpretation of data to give a comprehensive view of a child’s
ability. While the NEPS provides weighted maximum likelihood
(WLE) estimates per default, the option is given to estimate
plausible values (PVs). Although WLEs represent the individual
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competence level accurately, they systematically overestimate
the variance in a sample and can thus be a source of bias
for analyses on the population level (Liidtke and Robitzsch,
2017; Scharl et al., 2020). Since one is interested in this kind of
analysis, generating PV's appears to be relevant. In this process,
the values are estimated by not only including the competence
items in the models but also all other variables that are part of
the following analytical models (for example, gender, migration
status, or parental aspirations). This process creates multiple
performance estimates for each pupil, which is then similar to
the handling of imputed data. In the end, it is straightforward to
combine plausible values and imputed datasets (regarding the
other variables) and conduct the analyses of interest. Plausible
values are computed using the R-package nepsscaling 2.0.0
(Scharl et al., 2020). For the following analyses, the performance
scores are standardized by grade 1.

Finally, to account for potential spurious correlations,
a large set of relevant control variables is selected for the
analytical models based on previous research findings (Eckerth
et al., 2014). The gender of the child is included as a binary
variable, the same holds for the place of residence (East or
West Germany). Parental education is measured by the highest
educational qualification in the family and dichotomized. If
either the father or the mother of the child have obtained
the higher education eligibility (Abitur) or any tertiary degree,
this variable is coded 1, 0 otherwise. According to the theory
of status maintenance, this variable indicates the educational
orientation of the family. Parental income is included as the
total after tax monthly household income as a logged variable
to ease statistical inference. The age of the child is computed
in 2013 (date of reference was set to June 1) when pupils were
in grade 1. The migration background is a binary variable and
coded 1 for migration background if at least one parent is born
abroad, 0 otherwise. The number of siblings living in the same
household is included as well. Finally, it is measured whether
the parents are living together (nuclear family) or not (for any
reasons). If the parents report that they are living together at
all times from grade 1 to 4, this is counted as a nuclear family
(coded 1). If there is at least one point in time when parents
are not living together, it is counted otherwise (coded 0). A final
control variable is whether a child has ever been diagnosed with
dyscalculia. By including these control variables, the internal
validity of the findings should be strengthened as they might
potentially function as confounders, meaning they influence
both performance and aspirations at the same time.

Modeling strategy

As Figure 1 indicates, the analytical model is some variation
of the cross-lagged panel model (CLPM). “Crossed” since the
two main variables are allowed to influence each other and
“lagged” since values of previous points in time are allowed
to influence only following points, therefore respecting the
direction of causality. Interestingly, there is a long and still
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ongoing debate in the literature about the specific model to
use (Hamaker et al., 2015; Mulder and Hamaker, 2021; Usami,
2021). Shown in Figure 1 is a hybrid between the standard
CLPM and a variation that accounts for higher-order lags, as,
for example, variables at t1 are allowed to influence variables
at t4, which can be thought of as delayed effects. A quite
different implementation of these models is CLPM with random
intercepts (RI-CLPM), which were created since the standard
CLPM is apparently not able to account for trait-like and time-
invariant aspects of variables. To give a concrete example, when
the development of math performance over time is of interest,
one could suspect that this ability can be decomposed into
a constant component (the inherent math ability, the talent
or capability, which should be rather stable over time, since
some pupils are just better at math than others) and a variable
component, that can be influenced by the quality of teaching,
the time spent with homework or tutoring. As some authors
argue, this RI-CLPM (which can be thought of as a form of
fixed-effect models as the fixed part of a variable is accounted
for) is inherently better since the CLPM only accounts for
temporal stability due to the autoregressive terms in the model
(the same variables from earlier points in time). Statistically
speaking, this means that it is assumed that each individual
varies around the same mean and no stable components exists,
which is unrealistic for most variables in the social sciences.
While these benefits of the RI-CLPM seem appealing, there
is also critique. Quite relevant, the RI-CLPM only captures
temporary fluctuations around the individual person mean and
is not able to account for effects that explain differences between
persons. Furthermore, the claim that this type of model is able
to account for unobserved confounding is only true for very
specific data constellations and is not a general property of
this approach (Lidtke and Robitzsch, 2021). In addition, the
RI-CLPM is usually more appropriate for studies interested
in the explanation of shorter time lags (e.g., days) and not
in systematic long-term changes (Liidtke and Robitzsch, 2021;
Orth et al,, 2021). Another major drawback is that the RI-CLPM
is at the moment only statistically well-defined for continuous
outcome variables, which is relevant for the following analyses as
aspiration is a binary variable. Given all these considerations, the
decision was made to utilize the hybrid CLPM using a selection
of higher-order lags and including a large set of relevant control
variables.* What this means for the interpretation is discussed in
more detail in section “Cross-lagged panel model.” According

4 Note that this is not a complete full-forward (FF) model since there
is no cross-lagged effect between tl and t4 specified. As some authors
argue, there are often no robust theoretical reasons for the presence
of these delayed crossed effects (Ehm et al,, 2019, 8). The same holds
for the introduced theoretical framework, which gives little reason to
believe that these delayed crossed effects should appear. For example,
why should aspirations in grade 1 affect the achievement in grade 4
independently of what happens in grade 2 as for the child the most
recent parental behavior is probably decisive. However, the FF-CLPM is
tested as a robustness check further below.
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to simulation studies, this procedure should give valid results
for posed research questions as the true data-generating process
is not known. As there is no option to test which model is
the least biased to estimate causal effects as relevant statistics
like model fit indices are not indicative, there is no reason to
believe that this modeling is inherently biased. I follow the
suggestion of Liidtke and Robitzsch (2021, 19) to focus on the
panel-structure of the data and include relevant control variables
(VanderWeele et al., 2020).

Practically, the following analyses will be conducted as
structural equation modeling (SEM). While SEM is not the
most prominent statistical approach in sociology, it is highly
similar to well-established methods (like regressions) and of
great relevance for the current research questions. The main
advantage of SEM is that it is feasible to test elaborate models
in a single step where variables can be both dependent and
independent. As Figure 1 shows, this is exactly what is proposed
theoretically. To be clear, SEM is by no means magical or
superior to other methods. Aspects like causality are the same
in comparison to other models and not the choice of statistical
approach but theoretical reasoning and the inclusion of relevant
control variables can help to recover causal effects. To be precise,
the following model will be a path analysis (since there are no
latent constructs included due to the restrictions of the data).
In the end, the interest lies in two distinct results: first, the path
coeflicients, which are interpreted as OLS regression coeflicients,
and the overall fit of the model, which makes it possible to state
whether the data fit the theoretical model or not. If this fit is
not satisfying, it might be necessary to reject the theoretical
assumptions altogether and create a new analytical framework.
The path coeflicients are highly relevant to make statements
about specific relations within the model and assess the size
of the effects. Note that this statistical modeling also applies
to the binary outcome variable (parental aspirations). In the
past, researchers have often preferred logistic models for these
outcome variables, however, there are also good arguments to
use OLS for binary outcomes (linear probability model, LPM)
(Angrist and Pischke, 2009, 47; Wooldridge, 2010, 579ff.). By
doing so, complications due to rescaling effects in the cross-
dependency models are avoided to ease interpretation and
comparability between the two outcomes, which is the most
relevant argument for using a LPM at this point. I do not expect
a bias due to this modeling strategy since the shares of high
aspirations are usually well below 90% and the linear model is a
good approximation in these not extreme regions (see Table 1).

All computations are done in Stata 16.1, except for the
estimation of plausible values, which are generated using R. To
account for item non-response, data are imputed with multiple
imputation with chained equations (MICE), creating a total
of 50 complete datasets (Azur et al., 2011). Some additional
auxiliary variables are included to improve the quality of the
imputation (for example, idealistic aspirations or the gender
of the parent answering the survey). The imputation model is
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TABLE 1 Descriptive statistics.

10.3389/feduc.2022.923361

Total sample Below higher Higher education Share
education eligibility eligibility or higher imputed
Mean SD Mean SD Mean SD

Math performance t1 (Std.) 0.00 1.00 -0.30 0.99 0.16 0.97 5.4
Math performance t2 (Std.) 0.52 0.93 0.18 091 0.69 0.89 9.5
Math performance t4 (Std.) 2.71 0.82 2.35 0.80 2.90 0.76 14.3
High aspirations t1 0.67 0.47 0.43 0.50 0.80 0.40 114
High aspirations t2 0.67 0.47 0.45 0.50 0.78 0.41 17.3
High aspirations t4 0.68 0.46 0.46 0.50 0.80 0.40 31.1
Female pupil 0.52 0.50 0.54 0.50 0.52 0.50 <5
Age of pupil in 2013 7.27 0.37 7.33 0.38 7.23 0.35 <5
Living in Eastern Germany 0.14 0.35 0.17 0.38 0.13 0.33 <5
Migration background 0.21 0.41 0.24 0.43 0.19 0.40 <5
Number of siblings in the household 1.13 0.89 1.10 0.96 1.15 0.85 14.7
Total logged household income 8.17 0.47 7.91 0.42 831 0.43 <5
Parents with Abitur or higher education 0.66 0.47 0 0 1 0 <5
Parents living together 0.79 0.41 0.73 0.44 0.82 0.38 <5
Child having dyscalculia 0.018 0.13 0.034 0.18 0.0098 0.098 8.5
Observations 4325 1479 2846

Source: NEPS SC2, imputed data.

set to draw from the specified predicted posterior distributions
which depend on the scaling of the variables (e.g., binary or
continuous). Various quality measures of the imputations were
tested (distribution of generated values, no impossible values,
convergence) and approved. To account for the fact that the
competence tests are conducted within schools and not at
home, which creates a form of nested data, standard errors are
clustered by schools.

Results

This chapter provides all descriptive and analytical findings
and concludes with a final verdict on the proposed hypotheses.

Descriptive overview

Before conducting the main analyses, a descriptive overview
is helpful to get an impression of the data. The results are
summarized in Table 1. In addition, the descriptive statistics
are grouped by educational level (parents with at least higher
education eligibility vs. other parents) as stratification is of
special interest for the advanced analyses.

It becomes clear that overall math performance increases
over time. In grade 1, the mean is 0 since it is z-standardized,
the following points in time can be interpreted as deviations
from this mean. Figure 2 also indicates that these measures
are approximately normally distributed. The aspirations are
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quite constant over time, at least when the aggregated measures
are inspected. However, there is also enough within-subject
variation present in the data to be exploited for the analyses
(standard deviation of aspirations is about 0.24). Another
way to visualize this is to plot how many parents actually
change their aspirations over time, which is done graphically
in Figure 3. Apparently, the large majority of parents will hold
their aspirations constant while some changes are present. The
share slightly increases over the course of primary education. In
grade 1, the average pupil was about 7.3 years old. About 66% of
all pupils had parents who obtained higher education eligibility
or a tertiary degree, which indicates that the NEPS sample is
rather highly educated.

When focusing on the effect of parental education as a
stratifying variable, it becomes clear that group differences are
present. More highly educated parents have a higher probability
to hold high educational aspirations and their children perform
better in the achievement tests. Also, they are less likely to have
a migration background and their income is higher, on average.
These results make sense and show that parental education
indicates social origin.

Cross-lagged panel model

Next, the main model follows, the CLPM, which implements
the theoretical model of Figure 1. The results are shown in
Figure 4 for a convenient interpretation; numerical results are
reported in the Appendix Table A1. Since most variables can be
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Distribution of math competencies by grade. Source: NEPS SC2, imputed data. Competencies are standardized by grade 1.

both dependent and independent, results are depicted separately
by the dependent variable. Note that, strictly speaking, all
variables in this model are endogenous (even performance
and aspirations in tl) since control variables are included.
Visually, this means that an arrow points from the vector of all
control variables to each variable in Figure 1 (not shown for a
clearer depiction). The error terms between performance and
aspirations are allowed to be correlated within each point in
time. Reported are 95% confidence intervals in brackets.

Before continuing with the empirical results, the correct
interpretation of the model should be explained, which is also
referring back to “Modeling strategy” where differences between
the CLPM and the RI-CLPM are outlined. Exemplary, the
cross-lagged effect of the CLPM as specified above answers the
question whether parents having high aspirations (compared to
other parents) at time point t have their child showing higher
achievement (compared to other children) at time point t + 1
(Ludtke and Robitzsch, 2021, 13).5

First, the overall model fit is reported to gauge whether the
data are congruent with the proposed theoretical model. The

5 In contrast, the RI-CLPM would tell: do parents who have higher
deviations from their long-term average aspirations at time point t have
a child that is likely to show a higher deviation from his or her long term
average achievement score at time point t + 1? This answers a quite
different research question.
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probably most relevant statistic is the root mean squared error
of approximation (RMSEA). The central idea of this statistic is
to compare the observed variance-covariance matrix with the
proposed one (the model). If this statistic is large, it means
that the proposed model shows larger deviations from the data.
In the literature, a RMSEA below 0.05 is considered as very
good and between 0.05 and 0.08 as good (Gana and Broc, 2019,
43). This statistic is 0.048, indicating that the model is fine.
The question might arise why all potential effects are then not
simply added to the statistical model, which makes the model
identical to the data and lowers the RMSEA to 0. However,
such a saturated model is usually not of theoretical interest as
it simply states that everything is related to everything else. That
is why other indices are reported which also take the degree of
parsimony into account. The Comparative Fit Index (CFI) and
Tucker-Lewis Index (TLI) should be larger than 0.90 for a good
model fit and larger than 0.95 for a very good fit. These values
are 0.999 and 0.951, indicating a good overall fit. The conclusion
is that the proposed theoretical model is quite congruent with
the observed data and that the theoretical assumptions are
therefore grounded in reality. After the overall model fit the path
coeflicients are of special interest.

Starting with performance, we notice that achievement
always significantly predicts the achievement in the subsequent
wave of the survey, which makes sense. Additionally, there
is a highly significant effect of performance in grade 1 on
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Share of parents changing aspirations over timeSource: NEPS SC2, imputed data.
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Path coefficients for the CLPMSource: NEPS SC2, imputed data.
Control variables: gender, age, income, parental education,
migration status, number of siblings, place of residence, single
parents, dyscalculia. Standard errors clustered by school. ***

p < 0.001.

performance in grade 4, even under the control of performance
in 2. Interpreting this finding is interesting: potentially, this is a
delayed effect. One could also consider this to be the influence of
the time-constant trait or “talent” with respect to mathematical
ability. This would also explain why the effect of math t2 on t4
is smaller since this is then to be viewed as a compound effect
(the stable effect and the variable effect due to additional gains
from t2 to t4). For aspirations, these effects are conceptually
similar. Since these numbers are the result of linear probability
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models, one can interpret them as average marginal effects. For
example, parents who hold high aspirations in t1 have a 60.4
percentage point larger probability to hold high aspirations in
t2 than parents without high aspirations in tl. To continue,
the crossed effects are of special interest. For t2, which can
only be influenced by t1, we see that children of parents who
hold high aspirations have, on average, a performance that lies
0.23 standard deviations above children of parents who do not
hold these aspirations. Since this result is under control, so
to speak, of math performance in tl, one can interpret this
effect as an actual change from the baseline that is due to the
higher aspirations. A quite similar finding holds for the effect of
aspirations in t2 on performance in t4. Regarding the effects of
performance on aspirations, we also see positive and statistically
significant results. The interpretation is that with each standard
deviation more of performance, the probability to hold high
aspirations in t2 increases by about 7 percentage points. For the
following point in time, this effect even increases to almost 10
percentage points.

As hypothesis 1 states that higher aspirations predict higher
performance, one can accept this hypothesis as the relevant
coefficients are positive and statistically highly significant.
Hypothesis 2 is that there is a positive effect of performance
on aspirations. As the coefficients clearly show, this is
indeed true. Since this is the case for both grade 2 and 4,
hypothesis 2 is accepted.
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Socially stratified effects

As explained before, one could expect that the path
coeflicients in the above model are not identical for lowly
and highly educated parents. This can be tested empirically
using Wald tests or whether parameters constrained to be
equal across groups should be relaxed. One can think of
this as having an interaction term between each coefficient
and parental education. Since the education of the parents
is the variable to stratify on, it is no longer included in the
set of control variables. The rest of the model is identical.
Results are displayed in Table 2. For easier identification, the
relevant lines in the table are marked with “H3”. To test the
difference between the coefficients, either the confidence bands
or the p-values (corresponding to the Wald tests) can be used.
Regarding performance, it is clear that the effects of aspirations
are quite similar and no statistically significant differences are
present. However, when aspirations are the dependent variable,
other effects are visible. For aspirations in t2, the effect of
performance is a bit higher for parents with less education,
yet not statistically significant as the difference is only about
2 percentage points. This changes for aspirations in t4, the
effect of performance is 0.13 for the lowly educated but only
0.079 for the highly educated. The p-value and confidence bands
clearly indicate that this is a statistically significant difference.
The conclusion is that less educated parents react more strongly
to high performance than highly educated ones. Therefore,
hypothesis 3 is accepted.

Robustness checks

Various robustness checks are conducted to test the stability
and validity of the findings. This concerns mostly the statistical
modeling and testing whether the same conclusions hold for
various subpopulations. The first aspect to test whether the
findings are similar for boys and girls. It is known that boys
usually show slightly larger math achievement than girls, while
these effects are especially pronounced in older pupils (Mullis
etal, 2012). As a test, the basic model is computed separately for
boys and girls. The findings are summarized in the Appendix
Table A2. The conclusion is that the coefficients are highly
similar and there are practically no gender differences visible.
The second test is whether the results are similar for natives
and migrants. It is a well-established finding that the role of
aspirations differs between these two groups as migrants usually
have a higher chance than natives to come from a disadvantaged
social origin and have less resources available (Kao and Tienda,
1995; Becker, 2010; Relikowski et al., 2012). Yet, parents often
have high aspirations, which is normally not the case for socially
disadvantaged natives. This opens up the question whether all
findings also hold for the migrant sub-sample. The results are
shown in the Appendix Table A2. The results are highly similar,
with a single exception: the coeflicient of high aspirations on
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math performance in grade 2 is lower for migrants than for
natives (0.15 vs. 0.25). However, the coefficient for migrants is
still statistically significant. The difference is slightly smaller in
the subsequent wave (0.18 vs. 0.27), meaning that natives and
migrants apparently converge on these estimates over time. As
the confidences bands clearly overlap it is probably not the case
that very different conclusions should be drawn for migrants
and natives. Follow-up studies might want to investigate the role
of migration in more detail, which then opens up quite different
and novel research questions.

As another side note, using a different cut-off point for high
parental education (either having obtained any tertiary degree
or not) does not lead to different conclusions as the effects even
become slightly more pronounced in the stratified model.

Additionally, the FF-CLPM is tested, which means that
crossed pathways between t1 and t4 are introduced to the
basic model. The findings are reported in Table A3. Apparently,
these additional crossed effects are much smaller, which makes
sense since the intermediate wave takes most of the effects. The
delayed effect of achievement on aspirations is higher than for
aspirations on achievement. The conclusions drawn from these
two models are highly similar. Since the CLPM as used before is
more parsimonious, it is the preferred one.

Finally, it must be made transparent that parental
aspirations are in the vast majority the motherly aspirations
since in the NEPS SC2 parent survey, only one parent was
surveyed. For example, in grade 1, more than 90% of all parental
respondents were female (the biological mother or a female
legal custodian). Additional tests show that the gender of the
responding parent is not associated with the level of aspirations
in conditional models (under control of the other variables).
Also, I did not find any relevant differences between models
when testing the education of either the mother or the father
and not the highest of both values. This means that the results
are robust with respect to parental education. Potentially, the
high level of homogamy with respect to education in couples as
well as the transmission of aspirations between both parents can
explain why no differentials are found here.

Discussion

As the results clearly indicate, parental aspirations and filial
math achievement do co-develop over the course of primary
education. Children of parents holding high aspirations show
higher test scores in the following survey wave. Conversely,
parents of children who perform better in the tests have a
higher probability to report high aspirations in the subsequent
wave. These results are in line with theoretical expectations
and earlier publications and underline that a dynamic feedback
process is going on. Based on this evidence, one can conclude
that the emergence of social inequality, which usually becomes
first visible when the decision for the secondary schooling
track has to be made (after the end of grade 4), is not a
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TABLE 2 Structural equation modeling path coefficients by parental level of education.

No higher education Higher education P-value Wald-test
g g
eligibility eligibility or higher difference of coefs.
Math performance t4 (Std.)
Math performance t2 (Std.) 0.290%* 0.30%* 0.512
[0.23,0.35] [0.25,0.34]
Math performance t1 (Std.) 0.25%%% 0.24%%* 0.578
[0.20,0.30] [0.20,0.28]
High aspirations t2 0.24*** 0.25%** 0.621
[0.16,0.32] [0.18,0.32]
Math performance t2 (Std.)
Math performance t1 (Std.) 0.58*%% 0.58** 0.602
[0.54,0.63] [0.55,0.61]
High aspirations t1 0.190%* 0.26%* 0.138
[0.11,0.27] [0.19,0.33]
High aspirations t4
Math performance t2 (Std.) 0.13%%¢ 0.079*%* < 0.001 (H3)
[0.099,0.16] [0.062,0.096]
High aspirations t2 0.34*%* 0.374** 0.463
[0.27,0.41] [0.30,0.43]
High aspirations t1 0.19*%* 0.19%** 0.688
[0.12,0.26] [0.12,0.25]
High aspirations t2
Math performance t1 (Std.) 0.080%** 0.059%%¢ 0.109 (H3)
.055,0.1 .044,0.07
[0.055,0.10] [0.044,0.074]
High aspirations t1 0.59*** 0.61*** 0.491
[0.54,0.64] [0.57,0.66]

Observations

4325

Source: NEPS SC2, imputed data. 95% confidence intervals in brackets. Lines with special interest for H3 are marked. Control variables: gender, age, income, migration status, number of

siblings, place of residence, single parents, dyscalculia. Standard errors clustered by school.

¢ p < 0.001.

single event but a long-lasting process that goes on for years.
While most analyses are only able to shed light on this specific
event due to the lack of longitudinal data, the present study
elucidates what is happening years before the actual decision.
What does this mean for future research and policy? It should
be highlighted that all numbers are computed under the control
of a large set of potentially confounding variables, and that
these spurious influences are hence attenuated. Since both the
financial situation of the family (measured by the household
income) and the overall educational orientation (measured by
the parental level of education) are held constant, it is fascinating
that aspirations are still of greatest relevance. The conclusion is
that these aspirations are partially independent of these other
two factors that are usually the most relevant predictors of
social inequality. While this cannot be proven with the available
observational data, one can suspect that increasing parental
aspirations might have positive effects on the performance of the
children. Given the findings, it seems important to pursue this
question further and test in more detail whether programs or
interventions that specifically target parental aspirations show
to affect grades and academic achievement.

Frontiers in Education

12

When considering the effects of achievement in more detail,
the results underline that parents of high-achieving pupils hold
higher aspirations. This makes sense as these pupils have a
higher probability to enter the academic track and fulfill the high
academic expectations. As parents are usually well aware of the
performance of their children due to grades and feedback from
the teachers, they have good evidence to adapt their aspirations.
The socially stratified findings are here of greatest interest.
As shown clearly, especially parents with lower educational
qualifications pay much attention to the performance of their
children. In other words, they are quite sensitive to achievement,
their aspirations depend much more on them as it is the
case for highly educated parents. This finding, which is in
line with theoretical assumptions and previous research results
(Karlson, 2019), highlights how social inequality slowly emerges
in primary education over the course of multiple years. Since
parents with lower educational qualifications have a lower
probability to hold high aspirations than more educated ones,
even when the performances are equal, this means that the
probability is high that their children will not obtain higher
educational qualifications as well. Referring back to potential

frontiersin.org



Bittmann

interventions, this means that especially families with lower
educational qualifications need to be targeted as the other
families will usually always hold high aspirations, which depend
much less on actual performance.

To conclude, the limitations of the current study must be
made transparent. First, the CLPM as used in the analyses
compute a total effect, so within- and between-effects are taken
together. This affects the interpretation of the findings as not
pure changes are investigated. To be clear, it would be incorrect
to state that an increase of aspirations influences achievement
in a certain way as this would only concern intra-individual
(within) variation. That being said and what is also known
from previous studies, if one were to compute models that
specifically take person-constant parts out of the estimation (RI-
CLPM), the estimated coeflicients would be smaller. Therefore,
the findings presented here are probably upper bounds of effect
sizes. Second, the data is observational, so it is not feasible
to recover pure causal effects. Given the large set of relevant
controls, one can assume that there are probably no strong
confounders left but this is a theoretical question that cannot
be proven statistically. Third, as some researcher points out,
all panel models attempting to establish a causal order rely on
the assumption that the lags are correctly specified (Vaisey and
Miles, 2017; Leszczensky and Wolbring, 2022). This is highly
problematic and there are currently no comprehensive statistical
solutions available. As the researchers point out, in a worst-
case scenario, coeflicients could even switch signs. Given the
current state of research one can only refer to previous findings
and theory, which are both in line with the results of the
present study. Given limitations due to statistical knowledge
and data, there is currently no option available to guarantee
that the findings are absolutely robust. However, given that
dozens of previous studies as outlined in the review of the
literature above come to similar conclusions (also given the
high degree of variation with respect to research designs and
statistical techniques), it is unlikely that they all suffer from
an unfortunate lag-constellation and the entire research field
comes to the same wrong conclusion. Fourth, presented are
results for math achievement. It is obvious that the NEPS-tests
are only one of the potentially many ways to define, measure,
and operationalize achievement. Other tests might come to
different conclusions as “achievement” or “performance” are
(latent) constructs. Also, only mathematics was investigated
in this study and this is, of course, only one part of the
complete picture. Follow-up studies might want to examine the
relation with other measures of performance, especially reading
as this is another, highly relevant indicator of performance
and development.
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Appendix

TABLE Al Path coefficients of the cross-lagged panel model.

10.3389/feduc.2022.923361

Coef. 95% CI
Math performance t4 (Std.)
Math performance t2 (Std.) 0.296*%* [0.255,0.337]
Math performance t1 (Std.) 0.245%%¢ [0.211,0.278]
High aspirations t2 0.243%%¢ [0.188,0.299]
Math performance t2 (Std.)
Math performance t1 (Std.) 0.583%%¢ [0.556,0.610]
High aspirations t1 0.229%** [0.176,0.281]
High aspirations t4
Math performance t2 (Std.) 0.0966*** [0.0806,0.112]
High aspirations t2 0.360*%* [0.311,0.408]
High aspirations t1 0.187*** [0.140,0.234]
High aspirations t2
Math performance t1 (Std.) 0.0665%** [0.0538,0.0791]
High aspirations t1 0.604*** [0.570,0.638]
RMSEA (90% CI) 0.0477 (0.0309; 0.0667)
CFI 0.9986
TLI 0.9512
Observations 4325
Source: NEPS SC2, imputed data. 95% confidence intervals in brackets. Standard errors clustered by schools. *** p < 0.001.
TABLE A2 Robustness checks (subgroup analyses for the cross-lagged panel model).
Boys Girls Natives Migrants
Math performance t4 (Std.)
Math performance t2 (Std.) 0.30%%* 0.294%¢ 0.29%%¢ 0.31%%*
[0.25,0.36] [0.24,0.34] [0.25,0.34] [0.23,0.39]
Math performance t1 (Std.) 0.24%%* 0.25%%* 0.23%0%* 0.28%%*
[0.19,0.28] [0.21,0.30] [0.20,0.27] [0.21,0.34]
High aspirations t2 0.25%** 0.24*%* 0.27** 0.18**
(0.17,0.32] [0.16,0.31] [0.20,0.33] [0.064,0.29]
Math performance t2 (Std.)
Math performance t1 (Std.) 0.59%%¢ 0.58*** 0.58%%* 0.61%*
[0.56,0.63] [0.54,0.61] [0.55,0.61] [0.55,0.66]
High aspirations t1 0.20%%* 0.26*** 0.25%%* 0.15*
[0.13,0.27] [0.18,0.33] [0.19,0.31] [0.032,0.27]
High aspirations t4
Math performance t2 (Std.) 0.089** 0.10%* 0.092%* 0.110%*
[0.067,0.11] [0.081,0.12] [0.074,0.11] [0.078,0.15]
High aspirations t2 0.39*** 0.340* 0.38** 0.28***
[0.32,0.45] [0.27,0.40] [0.33,0.43] [0.18,0.39]
High aspirations t1 0.20%** 0.17*4** 0.17*%* 0.23%%*
[0.13,0.27] [0.11,0.23] [0.12,0.23] [0.13,0.32]
(Continued)
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TABLE A2 (Continued)

10.3389/feduc.2022.923361

Boys Girls Natives Migrants
High aspirations t2
Math performance t1 (Std.) 0.070*%* 0.063%%* 0.065%%* 0.074***
[0.053,0.088] [0.046,0.079] [0.050,0.079] [0.046,0.10]
High aspirations t1 0.61* 0.60*** 0.61** 0.57%%*
[0.56,0.65] [0.55,0.65] [0.57,0.65] [0.49,0.64]
Observations 2056 2269 3421 904
Source: NEPS SC2, imputed data. 95% confidence intervals in brackets. *** p < 0.001.
TABLE A3 Full-forward cross-lagged panel model.
Coef. 95% CI
Math performance t4 (Std.)
Math performance t2 (Std.) 0.29%%¢ [0.25,0.33]
Math performance t1 (Std.) 0.25%%¢ [0.22,0.29]
High aspirations t2 0.22%%% [0.15,0.28]
High aspirations t1 (FF-Pathway) 0.041 [-0.020,0.10]
Math performance t2 (Std.)
Math performance t1 (Std.) 0.58%%* [0.56,0.61]
High aspirations t1 0.23%%% [0.18,0.28]
High aspirations t4
Math performance t2 (Std.) 0.074*%¢ [0.054,0.094]
Math performance t1 (Std.) (FF-Pathway) 0.032%%¢ [0.014,0.049]
High aspirations t2 0.35%%¢ [0.31,0.40]
High aspirations t1 0.19*%* [0.14,0.24]
High aspirations t2
Math performance t1 (Std.) 0.066%** [0.054,0.079]
High aspirations t1 0.60%* [0.57,0.64]
Observations 4325

Source: NEPS SC2, imputed data. * p < 0.05, ** p < 0.01, *** p < 0.001.
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