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Abstract: Self-concept and self-esteem are strongly tied to both academic achievement and risk
factors for lower academic achievement. The German National Educational Panel Study (NEPS)
provides large-scale representative longitudinal data for mathematics, reasoning as well as risk factors,
self-concept and self-esteem. Based on measurements in grades five to nine, this paper produces
theory-based partially mediated latent growth models with multiple indicators and mediators. This
includes the predictors of special education needs (SEN) status, socioeconomic status (SES), reasoning
ability, gender, and school track, with both global self-esteem and subject-specific self-concept as
mediators. Significant mediatory relationships are found for SEN, gender, reasoning ability, and
school track on grade 5 math and reading competence, but neither direct nor mediated effects on rate
of change were found. Implications for researchers and educators are discussed.
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1. Introduction

The self-perception of a child plays an important role in his or her academic develop-
ment throughout the school system. Children with weaker a priori competence (DeVries
et al. 2018), children with special education needs (SEN; Gebhardt et al. 2015), and children
from lower socioeconomic status (SES; DeVries et al. 2018; Hanushek et al. 2011) are at
risk of not reaching the same levels of academic achievement as their peers. Furthermore,
girls and boys may also perform worse in math or reading respectively (Lekholm and
Cliffordson 2008; Robinson and Lubienski 2011). Previous research has suggested that
self-perception may play a critical role as a mediator affecting both the pace of development
and level of attainment (Diseth 2011; Ferla et al. 2009; Pullmann and Allik 2008). Our study
longitudinally models the complex multivariate relationship of SEN, SES, gender, subject-
specific self-concept and self-esteem using data from a large-scale assessment for math and
reading achievement though early to middle secondary school (5th to 9th year students).

1.1. Self-Concept and Academic Achievement

Within self-concept theory (Shavelson et al. 1976), self-concept is a multifaceted con-
struct representing numerous aspects of self-perception in multiple contexts (Marsh 1986,
1990). Academic self-concept (Marsh 2014; Marsh and Martin 2011) encompasses self-
concept relating to academic and scholastic activities. Academic self-concept further varies
based upon the subject domains (e.g., math or reading; (Gogol et al. 2016), which relate to
current and future subject-specific achievement (Susperreguy et al. 2018).
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Current popular models of self-concept argue for a reciprocal relationship between
academic self-concept and achievement (Marsh and Craven 2006). That is, a child’s math
self-concept as well as his or her achievement both influence his or her subsequent achieve-
ment and self-concept. These new levels of achievement and self-concept in turn influence
subsequent math self-concept and achievement. Recently, aspects of this reciprocal relation-
ship were upheld in a large-scale, longitudinal study of German learners (Arens et al. 2020).
Sixth year learners were followed for three years, and a unidirectional relationship was
found where a learner’s self-concept related to subsequent achievement.

1.2. Self-Esteem and Achievement

While subject-specific self-concept relates more strongly to future academic achieve-
ment, global measures of self-esteem also relate to academic achievement (Di Giunta et al.
2013; Diseth 2011; Ferla et al. 2009). In a meta-analytic review, Valentine et al. (2004)
found that although effect sizes were larger for subject-specific measures of self-perception,
significant effects remained for global measures, such as self-esteem. Although, Marsh and
Craven (2006) strongly favor subject-specific self-concept measures to a global self-esteem,
the use of both variables in a combined model (e.g., Valentine and DuBois 2005) may
provide a more complete picture, given the multi-faceted structure of self-perceptions.

1.3. Covariates and Predictors of Achievement and Self-Perception

Self-concept is also related to a number of factors that relate to academic development,
for example, SEN, gender, and lower SES. In the next sections, we examine each of these
topics’ relationships with academic self-concept and academic achievement.

1.3.1. Special Education Needs

Many learners with SEN are at risk for worse learning outcomes (Gebhardt et al. 2015;
Korhonen et al. 2014). They may also be at risk for higher levels of social exclusion (DeVries
et al. 2018; Schwab et al. 2014), which is also correlated to a lower academic self-concept
and self-esteem (DeVries et al. 2018; Gurney 2018; Novita 2016), all of which may result in
worse academic achievement. Furthermore, effects on self-concept may be subject specific.
Recently, Savolainen et al. (2018) showed that special education support had differential
effects for preteen learners on math and reading self-concept. Thus, it is important to
consider both the subject-specific self-concept as well as global self-esteem of learners with
SEN. Moreover, the actual experience of learners with SEN may vary greatly based on
ability (Cambra and Silvestre 2003; Möller et al. 2009), and thus it is important to consider
some measure reasoning alongside the presence of SEN.

1.3.2. Gender

Gender also relates to achievement in secondary schools, albeit differentially based
on subject. Commonly, girls outperform boys on reading measures, and boys outperform
girls on math measures (Robinson and Lubienski 2011). One explanation of this is related
to self-concept theory. Within this framework, boys may be more encouraged by parents,
peers, and even teachers in math classes, and girls may be more encouraged in language
classes (Niepel et al. 2019). Thus, the self-concept of both girls and boys is reinforced by
gender-conforming behaviors within their respective social environments.

1.3.3. Socioeconomic Status

Additionally, SES is related to achievement in study after study (Bjorklund and
Salvanes 2011; Currie 2009; DeVries et al. 2018; Lekholm and Cliffordson 2008; Rambo-
Hernandez and McCoach 2014). Furthermore, related variables, such as belonging to an
underprivileged ethnicity, also relate to poorer achievement and self-esteem (Cvencek et al.
2018; Strand 2014). Early large-scale studies often focused on income-related variables (e.g.,
White et al. 1993), but a meta-analysis (Sirin 2005) indicated that effect-sizes of SES which
used a broad range of variables (e.g., education, occupation, and home resources), were
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smaller than they were in earlier research relying on income measures alone. Sirin proposed
that this might be related to a broader access to learning materials (e.g., books, media,
and computers). Furthermore, Sirin’s (2005) meta-analysis showed that the predictive
power of a higher SES on achievement weakened over the course of secondary school.
This corresponds to other recent findings that suggest a weaker predictive power of high
parental education later in secondary school (e.g., DeVries et al. 2018). Furthermore, the
effects of SES have been shown to be mediated by personal engagement and self-concept-
related variables (Poon 2020; Tomaszewski et al. 2020).

1.4. Towards a Combined Model

Consistent findings indicate that current levels of achievement and subject-specific
self-concept relate to future achievement and self-concept within the same subject area
(Arens et al. 2017; DeVries et al. 2018; Marsh and Craven 2006). However, these findings
focus on self-concept and achievement levels at specific measurement points, instead of
an examination of how these factors may affect the overall growth in achievement. Given
the reciprocal relationship in Marsh and Craven (2006), a feedback effect may be imagined,
where good grades boost self-concept which then boosts achievement. If this were the case,
we would expect self-perceptions to boost the rate of growth (i.e., slope) and not just the
overall level (i.e., intercept). Furthermore, gender, SES, and SEN also play an important
role in the level and growth of academic achievement.

To account for these complex developmental interactions, we are proposing a media-
tion model where academic self-concept and global self-esteem mediate both the starting
level and rate of change in achievement. This model relies on a latent growth structure,
which estimates both the intercept (starting level) and slope (rate of change). Figure 1
shows a simplified model involving only a single predictor and mediator, and Figure 2
shows a model with multiple predictors and mediators. A similar model was devel-
oped by Ferla et al. (2009) to describe math achievement on PISA tests. In their model,
math self-efficacy and math self-concept mediated the relationship between gender, prior
achievement, and test scores. Additionally, Diseth (2011) developed a path model where
self-efficacy mediated the relationship between prior GPA and current test results. In both
cases, self-efficacy or self-concept predicted better strategies which lead to better outcomes.
We innovate on these models by examining the growth of achievement over multiple grade
levels while examining both academic self-concept and global self-esteem as mediators.
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Figure 1. Simplified Partial Mediation Model. This figure depicts a partial mediation model where A
and C are directly related, but the effect is also partially mediated by B.
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Figure 2. Partial Mediation Model with Multiple Predictors, Mediators and Outcomes. This fig-
ure demonstrates a more complex partial mediation model with multiple predictors, mediators,
and outcomes. Additionally, both predictors covary with each other, as do both mediators and
both outcomes.

1.5. The Present Study

This paper will examine models where both global self-esteem and subject-specific
self-concept mediate the effects of SES, SEN, and gender on initial competency level and
growth. Given the diverse levels of competence present in children with SEN, we also
include a measure of reasoning as a predictor. Similarly, we include school track as a control
variable that has been shown to relate to competence as well as SES (Arens et al. 2017;
Susperreguy et al. 2018).

In establishing a mediation relationship, four aspects must be demonstrated (Judd
and Kenny 1981). First, the predictor variable(s) must correlate with the outcome variable.
Second, the predictor variable(s) must correlate with the mediator. Third, the mediator
must correlate with the outcome. As we have described above, SEN, SES, and gender
all relate to academic achievement and they further relate to self-esteem and academic
self-concept. Similarly, self-esteem and academic self-concept relate to successful learning.
As a result, the basic prerequisites for mediation exist within this framework. However,
a fourth aspect must also be demonstrated for mediation to exist. That is, the mediator
variables alter the relationship between the predictor and outcome variables.

Thus, we can examine the effects of these background variables on both the starting
level and growth rate of achievement in separate models for math and reading. This allows
us to address our two main research questions:

1. (RQ 1) How do SES, SEN, gender, reasoning ability, and school track relate to starting
level and rate of change in reading and math competency in secondary school? We ex-
pect SES and reasoning ability to boost grade 5 competency as well as rates of growth,
and for children with SEN to have a lower grade 5 competency. Similarly, we expect
girls to outperform boys in reading competency, and vice versa for math competency.

2. (RQ 2) Do global self-esteem and subject-specific self-concept mediate the relation-
ship? We expect to find that both global self-esteem and subject-specific self-concept
will mediate the effects predicted in the first question.

2. Methods
2.1. Participants and Data

The data are part of National Educational Panel Study (NEPS; Blossfeld et al. 2011),
a multicohort large-scale longitudinal study, which has been administered for most cohorts
until recently in yearly waves. We worked with data from Starting Cohort 3 (SC3), which
was first sampled in fifth grade in late 2010 and 2011. We focus on grades five, seven, and
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nine, and we exclude children attending a special education needs school, thus ensuring
that all participating children with SEN status were attending regular schools within the
German education system. In all, 5923 participants were included in the math model and
5919 in the reading model.

Among other NEPS measures, reading competence (Gehrer et al. 2013) and mathe-
matics competence (Schnittjer and Duchhardt 2015) were measured. Additionally, student
reports of grades, social economic factors, migration background, gender, year of birth, self-
efficacy, and self-concept were recorded. Caretakers answered—among others—questions
regarding migration background and school track attended by the respective child. For ad-
ditional details, particularly ambiguous cases, issues within the NEPS database, and
preparation of variables for imputation, see Appendix A.

2.2. Missing Data and Multiple Imputation

The subsequent models are based on school track, special educational needs, reasoning,
migration, and socioeconomic status, competence, and global self-esteem, and both math
and reading self-concept. Regarding these variables, there were 6529 partially incomplete
cases out of 7760, but the subsequent analysis required complete cases. Discarding incom-
plete cases potentially introduces biases due to sample selection (cf. Schafer and Graham 2002)
and reduces sample size unnecessarily. Multiple imputation (MI) is a technique designed
to deal with missing data without introducing bias and to use all of the (partially) observed
data, the reported standard errors also reflecting the uncertainty about the missing values
(Van Buuren 2018). In MI with chained equations (MICE), missing values are repeatedly
sampled according to predictions of an imputation model (Van Buuren and Groothuis-
Oudshoorn 2011). For a detailed description of the MI procedure, please see Appendix B.

2.3. Structural Equation Modeling
2.3.1. Variables in the Models

Socioeconomic status was evaluated by student responses to what things they had at
home that might help with their schoolwork (see Table 1). We conducted an exploratory
factor analysis (EFA) with oblique quartimax rotation to identify the factor structure of
this instrument. The EFA is summarized in Table 2. Based upon likelihood ratio testing,
a 3-factor solution was found to be the best fit, with the item Room representing the first
factor, the items Classics and Poems loading on second factor, and the items Desk, Software,
Books, and Dictionary on a third factor. We used only the last factor to establish SES as
this was the only factor with more than two items. The results of this EFA are reported in
Table 2. SEN was determined by school records of a child’s diagnosis of SEN in wave 3.
Reasoning was based on the number of completed items in the NEPS nonverbal reasoning
ability in 5th grade (variable dgg5_sc3b in NEPS; Haberkorn and Pohl 2013).

2.3.2. Latent Growth Models

Using the imputed data, four latent growth models were fit to model the starting
level and change in competence across grades five, seven, and nine: A mediation and
a no mediation model were compared for both reading and math competency. These
models are described in Figures 3 and 4. They were implemented using the R-package
lavaan (Rosseel 2012). The no-mediation models estimated latent intercepts and slopes
for the change in competency over 5th, 7th, and 9th grade. The intercept and slope were
then regressed on SEN, gender, reasoning ability, school track, and a latent variable for
SES. In the mediation model, partial mediation was assumed, with intercept and slope
also regressed on ratings of general self-esteem and of the participant’s subject-specific
self-concept. Subject-specific self-concept and self-esteem were then also regressed on all
predictor variables of the no-mediation model. Maximum likelihood estimation was used
in a complex model with clusters based on the class ID of the student in 7th grade.
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Table 1. Modelled variables and their characteristics in the imputed data.

NEPS ID M or % SD

Predictors
Female t700031 48.08% n.a.

Reasoning Score dgg5_sc3b 6.87 2.63
Upper School Track t723080_g1 41.77% n.a.

Special Education Needs tx80505_D 3.83% n.a.

Socioeconomic Status
Desk t34006a 96.52% n.a.

Software t34006c 68.25% n.a.
Books t34006g 84.20% n.a.

Dictionary t34006h 92.83% n.a.

Mediators
Math Self-Concept t66001a_g1 2.92 0.85

Reading Self-Concept t66000a_g1 2.99 0.66
Global Self-Esteem t66003a_g1 39.36 6.71

Competences
Grade 5 Math mag5_sc1u −0.01 1.17
Grade 7 Math mag7_sc1u 0.75 1.24
Grade 9 Math mag9_sc1u 1.50 1.19

Grade 5 Reading reg5_sc1u −0.03 1.27
Grade 7 Reading reg7_sc1u 0.72 1.37
Grade 9 Reading reg9_sc1u 1.25 1.12

Note: NEPS ID refers to the label provided by the National Education Panel Study.

Table 2. Exploratory factor analysis results for home possessions and SES (oblique quartimax
rotation).

Factor 1 Factor 2 Factor 3

Desk 0.569
Room 0.867

Software 0.454
Classics 0.900
Poems 0.726

Art
Books 0.793

Dictionary 0.674
Note: All loadings under 0.4 are suppressed. Art had no loadings above this threshold.

Model fit was evaluated by the comparative fit index (CFI), root mean squared error of
approximation (RMSEA), and standardized root mean square residual (SRMR). Fit was con-
sidered acceptable with CFI > 0.90, RMSEA < 0.08, and SRMR < 0.08. Fits were considered
good with CFI > 0.95, RMSEA < 0.05, and SRMR < 0.05 (Brown 2015; Hu and Bentler 1999).
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2.4. Mediation Tests

The amount of mediation was measured by the ratio of direct effects between the
mediation and no mediation model and the ratio of indirect effects between both models
(see MacKinnon et al. 2007). The direct ratio (DR) was given by the formula

DR =
c′

c
, (1)

where c is the standardized path coefficient for the non-mediation model of the predictor
onto the outcome (intercept or slope) and c′ is the same standardized coefficient in the
mediation model. The indirect ratio (IR) was given by the formula

IR =
ab
c

, (2)

where c is the same as above, a is the path onto either mediator (self-esteem or subject-
specific self-concept), and b is the path from that mediator onto either outcome (intercept or
slope). Both ratios are informative in that the direct ratio tells us the overall level of media-
tion produced by both of our mediators and that the indirect ratio can provide information
about the relative mediation of each separate mediator. The use of these ratios is preferred
for consistent mediation effects where there are more than 500 cases (Wen and Fan 2015),
and our large database provides us plenty of cases. However, as described below, there is
one case of inconsistent mediation, for which we make no interpretations with either the
DR or IR. We further restrict our mediation analyses to cases where there are significant
path coefficients.

3. Results
3.1. Model Fit

The fits of all models are described in Table 3. In all cases, the models met the criteria
for a good fit according to RMSEA and CFI. However, fit was only adequate for the no-
mediation models on the metric of SRMR. Meanwhile, the fit of all mediation models was
considered good. Furthermore, the fit of both mediation models was significantly better for
both subjects, with χ2-math (14) = 464.9, p < 0.001, and χ2-reading (14) = 253.8, p < 0.001.
Therefore, we prefer the mediation model in both cases. We examine both models in
order to describe the mediation results. In all models, the factor structure of the latent SES
variable was identical. All indicators loaded significantly with loadings over 0.950.

3.2. Direct Effects in the No-Mediation Model

As can be seen in Table 4, there are a number of significant relationships between
predictor variables and the intercept of no-mediation model. Effects were similar across
both mathematics and reading models, with significant positive relationships between rea-
soning score and upper school track on both reading and math model intercepts, ps < 0.001.
Similarly, children with SEN had a significantly lower intercept, p < 0.001. Meanwhile,
girls had a higher intercept in the reading model than boys, and a lower intercept in the
math model, p < 0.01 and p < 0.001, respectively. In neither model was there a significant
relationship between SES and the intercept. The only significant relationship between
predictor and the slope of the latent growth model was reasoning score in the both models;
children with a higher reasoning score had a slightly lower slope in both math and reading,
p < 0.01 and p < 0.001, respectively. Thus, in the no-mediation model, gender, SEN, and
school track all relate to the starting level of either math or reading competency, and do
not relate to the rate of growth, while reasoning ability relates to a slightly slower rate of
growth and a higher starting level.
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Table 3. Model fits.

χ2 df p-Value RMSEA 90% CI RMSEA CFI SRMR

Math Models
No mediation 588.0 51 0.044 0.041–0.048 0.973 0.076

Mediation 123.1 37 <0.001 0.021 0.010–0.025 0.996 0.010

Reading Models
No mediation 379.9 51 0.035 0.032–0.038 0.982 0.067

Mediation 126.1 37 <0.001 0.021 0.017–0.025 0.995 0.012

Note: Models were fit with ML (maximum likelihood) estimation. df refers to degrees of freedom, RMSEA refers to root-mean square error
of approximation, 90% CI RMSEA is the 90% confidence interval for the RMSEA, CFI refers to the comparative fit index, and SRMR refers
to the standardized root mean square residual. The p-value is derived by comparing the respective no mediation and mediation models.

Table 4. Path coefficients—no mediation models.

Math Model Reading Model

Coefficient (SE) Standardized Value Coefficient (SE) Standardized Value

Intercept with slope −0.015 (0.008) * −0.190 −0.063 (0.012) *** −0.427

Regression on intercept
SEN −0.330 (0.072) *** −0.065 −0.393 (0.078) *** −0.074

Female −0.292 (0.031) *** −0.140 0.206 (0.063) ** 0.095
Reasoning 0.187 (0.010) *** 0.469 0.160 (0.010) *** 0.385

Upper track School 0.884 (0.099) *** 0.422 0.793 (0.103) *** 0.362
SES −0.052 (0.071) −0.025 −0.007 (0.088) −0.003

Regression on slope
SEN −0.013 (0.016) −0.023 0.001 (0.017) 0.001

Female −0.001 (0.008) −0.003 0.001 (0.013) 0.003
Reasoning −0.005 (0.002) ** −0.120 −0.010 (0.002) *** −0.144

Upper track School 0.021 (0.020) 0.091 −0.026 (0.024) −0.071
SES −0.007 (0.018) −0.031 0.011 (0.023) 0.030

Note: SEN refers to special education needs. SES refers to socioeconomic status. Standardized values reflect standardization of both latent
and observed variables. * p < 0.05, ** p < 0.01, *** p < 0.001.

3.3. Mediation

As can be seen in Table 5, the mediation model is very similar, but not identical to
the no mediation model. Again, upper school track and higher reasoning scores relate to
higher intercepts in reading and math models, p < 0.001. Boys have a higher intercept in the
math model than girls, and a lower intercept in the reading model, p < 0.001, and children
with SEN have a lower intercept in both reading and math models, p < 0.001. Reasoning
score relates to a slightly lower slope in both reading and math models, p < 0.001.

Meanwhile, significant relationships exist between the predictor and mediator vari-
ables, as well as the mediators and the intercept and slope. In both math and reading
models, higher self-esteem and subject-specific self-concept relate to higher intercept val-
ues, ps < 0.01. They also relate to a slightly lower slope in the reading model, ps < 0.05,
but not the math model, ps > 0.05.

As the observed value of self-esteem remained constant in both models, its relationship
between predictor variables was consistent across both reading and math models. Children
with SEN had lower self-esteem, p < 0.001. Children in an upper school track had higher
self-esteem, p < 0.001. Children with higher reasoning scores had higher self-esteem,
p < 0.05.
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Table 5. Path coefficients—mediation models.

Math Reading

Coefficient (SE) Standardized Value Coefficient (SE) Standardized Value

Intercept with slope −0.014 (0.007) −0.187 −0.058 (0.011) *** −0.412

Regression on intercept
SEN −0.324 (0.078) *** −0.064 −0.336 (0.082) *** −0.063

Female −0.212 (0.031) *** −0.102 0.170 (0.060) *** 0.078
Reasoning 0.176 (0.009) *** 0.443 0.157 (0.008) *** 0.378

Upper track School 0.828 (0.097) *** 0.396 0.694 (0.099) *** 0.317
SES −0.027 (0.071) −0.013 0.025 (0.086) 0.012

Subject self-concept 0.179 (0.016) *** 0.173 0.254 (0.028) *** 0.154
Self-esteem 0.077 (0.027) ** 0.050 0.111 (0.034) ** 0.069

Regression on slope
SEN −0.015 (0.016) −0.028 −0.006 (0.017) −0.006

Female 0.003 (0.008) 0.013 0.003 (0.012) 0.010
Reasoning −0.006 (0.002) * −0.131 −0.010 (0.002) *** −0.140

Upper track School 0.022 (0.020) 0.097 −0.016 (0.024) −0.045
SES −0.007 (0.018) −0.032 0.007 (0.023) 0.021

Subject self-concept 0.008 (0.005) 0.059 −0.017 (0.008) * −0.063
Self-esteem −0.008 (0.006) −0.050 −0.019 (0.007) * −0.071

Regression on subject
self-concept

SEN 0.067 (0.084) 0.016 −0.128 (0.043) ** −0.040
Female −0.444 (0.026) *** −0.260 0.145 (0.024) *** 0.110

Reasoning 0.054 (0.054) *** 0.167 0.006 (0.009) 0.022
Upper track School 0.198 (0.089) * 0.115 0.272 (0.066) *** 0.205

SES −0.100 (0.076) −0.059 −0.085 (0.056) −0.066

Regression on self-esteem
SEN −0.221 (0.044) *** −0.067 −0.221 (0.044) *** −0.067

Female 0.000 (0.027) 0.000 0.000 (0.028) 0.000
Reasoning 0.016 (0.006) * 0.061 0.016 (0.007) * 0.061

Upper track School 0.272 (0.064) *** 0.201 0.272 (0.065) *** 0.201
SES −0.093 (0.060) −0.071 −0.093 (0.061) −0.071

Note: SEN refers to special education needs. SES refers to socioeconomic status. Standardized values reflect standardization of both latent
and observed variables. Gender was coded with 0 for boys and 1 for girls. * p < 0.05, ** p < 0.01, *** p < 0.001; math models, p < 0.001 and
p < 0.05, respectively, but none of the other predictor variables relate to the slope, all ps > 0.05.

Meanwhile, relationships of predictor variables and subject-specific self-concept varied
across both models. In the math model, girls had a lower self-concept, p < 0.001, those in a
higher school track had a higher self-concept, p < 0.05, and those with a higher reasoning
score also had a higher self-concept, p < 0.001. SEN did not relate to math self-concept,
p > 0.05. However, in the reading model, children with SEN had a lower subject-specific
self-concept, p < 0.01, and those in the upper school track and girls had a higher self-
concept, ps < 0.001. Reasoning score did not relate to subject-specific self-concept in the
reading model.

Direct and indirect mediation values are described in Table 6. Only calculations involv-
ing significant path coefficient were considered. All others are excluded here. Columns for
direct coefficients reflect the effects of both mediators, while columns for indirect coefficient
reflect the specified mediator.
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Table 6. Direct and indirect mediation.

Math Reading

DR IR of SC IR of SE DR IR of SC IR of SE

Intercept
SEN 0.985 n.s. 0.052 0.851 0.083 0.062

Gender 0.729 0.321 n.s. 0.821 0.178 n.s.
Reasoning 0.945 0.062 0.007 0.982 n.s. 0.011

School Track 0.938 0.047 0.024 0.876 0.087 0.038
SES n.s. n.s. n.s. n.s. n.s. n.s.

Slope
SEN n.s. n.s. n.s. n.s. n.s. n.s.

Gender n.s. n.s. n.s. n.s. n.s. n.s.
Reasoning 1.092 −0.241 −0.025 0.972 −0.065 −0.029

School Track n.s. n.s. n.s. n.s. n.s. n.s.
SES n.s. n.s. n.s. n.s. n.s. n.s.

Note: n.s. refers to calculations involving non-significant path values, which are excluded here for ease of
interpretation. DR refers to the ratio of the direct effect in the mediation model over the direct effect in the
non-mediation model. IR refers to the product of the regression pathway of the predictor on the mediator, and the
mediator onto the outcome over the direct effect in the non-mediation model (see Formulae (1) and (2)). SC refers
to subject-specific self-concept and SE refers to general self-esteem. All values are standardized.

The significant, negative relationship between SEN and the intercept was mediated
in both the reading and math models. However, the partial mediation was quite small
in the math model, with a direct coefficient of 0.985. This effect was characterized by a
modest indirect coefficient of global self-esteem of 0.052 and nonsignificant path coefficients
for subject-specific self-concept. Meanwhile, the mediation was stronger in the reading
model with a direct coefficient of 0.851. This effect was characterized by modest indirect
coefficients for both global self-esteem and subject-specific self-concept of 0.062 and 0.083,
respectively. Thus, self-esteem and subject self-concept are important mediators for initial
reading competency level, and there is a modest mediation for self-esteem, but not subject
self-concept, for the initial math competency level.

The significant relationship between gender and intercept in both math and reading
models was also mediated in both models. In both cases, the mediation was moderate
to strong with direct coefficients of 0.729 in the math model and 0.821 in the reading
model. In both cases, only the subject-specific self-concepts were important mediators with
large indirect coefficients of 0.321 and 0.178, respectively. Thus, the effect of gender on
starting level is strongly mediated by subject-specific self-concept and not by self-esteem in
our models.

The significant positive relationship between reasoning score and intercept was mod-
estly mediated in the math model and weakly mediated in the reading model with direct
coefficients of 0.945 and 0.982, respectively. In the math model, the indirect coefficient for
subject-specific self-concept was 0.062, indicating a modest effect, while the indirect coeffi-
cient for general self-esteem was 0.007, indicating a quite small effect. Meanwhile, in the
reading model, the indirect coefficient for general self-esteem was 0.011, indicating a small
effect and there was no significant path coefficient for subject-specific self-concept. Thus,
the effect of reasoning is weakly mediated in our models, with subject-specific self-concept
playing a modest role in the math model.

The significant, positive relationship between attending the upper school track and
intercept was modestly mediated in the math model and moderately mediated in the
reading model with direct coefficients of 0.938 and 0.876, respectively. Small effects were
noted for both subject-specific self-concept and general self-esteem in both the math models,
0.047 and 0.024, respectively, and the reading models, 0.087 and 0.038, respectively. Thus,
there is a small mediation effect in both models, and both subject-specific self-concept and
self-esteem remain important.
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The significant negative relationship between reasoning and slope was not consistently
mediated in our models. Although significant paths existed, the direct coefficient was
negative in the math model, and the indirect coefficients were negative in the reading
model. This is indicative of indirect mediation. This may be complicated by the likely
existence of a ceiling effect. That is, children near the top of the ability level in grade 5
had less ground they could gain in grades 7 and 9 and hence, the slope will be lower in
turn. Thus, we cannot draw any reliable conclusions regarding mediation of the slope in
our model.

4. Discussion

Our analyses have described the complex relationship among SES, SEN, gender, global
self-esteem, subject-specific self-concept and achievement over time. More specifically, we
demonstrated a model where self-esteem and self-concept mediate the effect of background
variables on the latent growth of math and reading competence through grades 5 to 9.
The good fit of these models coincides with the theoretical background that suggests that
each of our predictor variables (SEN, SES, and gender) relates to both the mediators and
the outcomes. Practically speaking, this fits within the framework of self-concept theory
(Marsh 2014; Shavelson et al. 1976) as well as previous work, which suggested a mediatory
relationship of academic self-concept (e.g., Diseth 2011; Ferla et al. 2009).

As expected, the models show that SEN, gender, reasoning ability, and school track all
relate to grade 5 competence in both math and reading. There is a negative relationship
between SEN and competence, and a positive relationship between school track and
nonverbal reasoning ability and competence. Meanwhile, girls had a higher reading
competence and a lower math competence. We had expected to see more comprehensive
effects on the slope, but that was not evident. It may be that these effects happen much
earlier in development.

Furthermore, we do see that, as predicted, global self-esteem and subject-specific
self-concept mediate the effects described above. The mediation effect is rather large for
self-concept on gender and intercept with the strength of the direct relationship decreasing
by 32% in the case of math, and 18% in the case of reading. Further, this effect was solely due
to self-concept and not to self-esteem. This strongly reinforces the self-concept framework
for interpreting gender effects in mathematics (Niepel et al. 2019). The mediation effect
for SEN is more modest, but still sizeable, with a direct relationship reduction of 2% in
math, and 15% in reading. The mediation for math was solely due to self-esteem, while in
reading, it was related to both self-esteem and self-concept. Previous work has described
efforts to boost both self-esteem (Rogers and Tannock 2018) and self-concept (Elbaum and
Vaughn 2003) as important for learners with SEN status. Thus, higher self-esteem and
self-concept may mediate part of the risk of low achievement from SEN status. However,
because we only see effects at the levels of intercepts in our models, such intervention
problems might not affect growth, but only ability level in secondary schools. It seems
possible that earlier intervention (i.e., before secondary school) might be more effective
on growth, but we were unable to examine this possibility with our data. We also note
that there are significant mediation effects for both school track and reasoning ability onto
grade 5 competence. Although these were included as control variables, the consistent
pattern of mediation matches what is seen for the other variables of interest, i.e., a partial
mediation effect.

We did not see the expected effects of SES in either model on grade 5 competence
or on rate of growth. We estimated SES based on Sirin’s (2005) proposal that access to
learning materials in the home environment was more predictive than only using one or
two SES-related variables (e.g., income or education level). It is worth noting that while
SES did not relate to our mediators or outcome variables, it consistently covaried with our
other predictors in a predictable pattern (e.g., positively with SEN status and negatively
with school track and reasoning ability). Sirin found that the effect of SES on learning
outcomes shrank over time, which may account for our findings. Alternatively, as there is
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already a significant SES effect on school track within the German system, a large amount
of the SES variance may be included within the school track variable.

This study had a number of strengths. We were able to develop partial mediation mod-
els with multiple predictors and mediators with effects on competency growth for grades
5, 7 and 9. These models were based upon well-established theory regarding academic
self-concept and self-esteem and they adequately model the complex relationship between
multiple important predictors and achievement. We further used a large, representative
panel survey with many respondents (i.e., NEPS). However, some weaknesses remain.
First, we only compared the possibilities of a mediation and a no-mediation relationship,
and we did not test other potential models; however, because of the number of potential
alternative models, it was particularly important to examine models based upon theory.
Second, we only had three measurement points for competence. As a result, it is impossible
to test for autoregression. Future work should include more measurement points. Third,
we produced separate models for math and reading. This was due to the computational
complexity of such a combined model. Fourth, we were only able to use a single measure-
ment point of self-perception, and thus it was not possible to examine for a reciprocal or
cross-lagged relationship between self-perceptions and achievement. Finally, we did see
inconsistent results with respect to the slope in both models. Notably, higher reasoning
related to a worse rate of growth in both models, and both of our mediators related to
a worse rate of growth in the reading model. This is indicative of a ceiling effect, which
future work should investigate and if possible account for.

5. Conclusions

Subject-specific self-concept and global self-esteem provide a consistent partial media-
tion on the effects of SEN and gender on competence for secondary students. The mediation
ranges from modest to large depending on the specific predictor and outcome variables.
Future researchers are encouraged to develop more comprehensive models to further
explore this relationship and compare it to other possibilities. For schools and educators,
interventions targeting self-concept and self-esteem may help mediate the risk for poor
achievement for some learners.
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Appendix A. Special Notes on Data Preparation

Information on the school track of a student was aggregated from student self-reports
and the responses of all caretakers with children attending the same class as this student
(Bayer et al. 2014). We dichotomized the remaining values to only reflect attendance of
highest school track (i.e., Gymnasium) versus all other tracks.

Migration generation status was aggregated from student and parent responses
(Olczyk et al. 2014). We dichotomized the provided generation status (born abroad vs. born
in Germany) and compared the value with the student report of country of birth. There
were no discrepancies and since the measure based on generation status yielded fewer
missing data, we worked with the dichotomized generation status in subsequent analyses.

The value of school track changed over time for 60 students. Without changing schools,
it is possible to change school track within a school. We set school track to be the statistical
mode of the responses across waves, as this seems to most accurately reflect the received
schooling. For 98 students, gender varied over time. However, in most cases the gender
switched back and forth, or was only different at one point in time. We set gender to the
statistical mode of a student’s responses across waves. It should be noted that time varying
school track and gender could more accurately reflect reality, but apart from requiring a
more sophisticated data cleaning procedure, the variation across waves was so low that this
caused problems with our missing data handling (see Appendix B). Student reports of year
of birth were inconsistent across waves. Some responses were impossible or implausible
given grade and wave. We removed all responses for year of birth prior to 1997 and after
2002 and set a student’s year of birth to the statistical mode of his/her responses if there
was any variance. This was the case for 85 students.

Appendix B. Details of Multiple Imputation

In order to obtain the desired properties of MI, two conditions must be met: The
imputation model has to contain all data/variables that are later used in the analysis,
and the data must be missing at random (MAR). MAR means conditional on all data
used in the imputation model, the probability of an observation (response) to be missing is
independent of the actual value that is missing. In order to justify the MAR assumption, the
imputation model needs to incorporate variables that reasonably explain the missingness
of responses. See Schafer and Graham (2002) for an introduction to multiple imputation,
its technicalities, its benefits, and dangers of other methods that deal with missing data,
e.g., case deletion.

Many variables that could be incorporated in our imputation model are recorded in
NEPS. In practice, computation time and numerical instability necessitate a parsimonious
model (compare to Van Buuren 2018, p. 167ff). Variables with more than 50% missing
responses were disregarded outright (none of which were of intrinsic interest for this
article). We then built the model stepwise, beginning by incorporating only the target
variables, i.e., the variables used in the subsequent analysis, and background variables:
gender, year of birth, and school track. The background variables were recorded once each
wave but varied little between waves, resulting in colinear variables detrimental to the
imputation. Hence, we converted the repeated records of year of birth, gender, and school
track to time stable variables as described in the data preparation subsection.

In the next step, we expanded our imputation model: for each target variable, we
added the 15 variables with the highest correlation with the target variable or with an
indicator variable for its missingness (compare with Van Buuren 2018). The following
variables were added: Math and German grades from 2010–2014, self-efficacy in math (four
questions in 2012), motivation by competition with others in 2013, intrinsic motivation
with respect to math and German in 2013, helplessness regarding German and math in
2012 and 2015, performance in orthography subtests in 2010, 2012, and 2014, satisfaction
with family, friends, health, possessions, school, and overall satisfaction from 2010–2017.
Finally, in order to account for the hierarchical structure of the data (cf. Van Buuren 2018,
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p. 197), we added adjusted class means (i.e., the mean of every other student in a student’s
classroom) as a predictor for every variable.

In sum, our imputation model consists of our target variables, predictors of target
variables, the predictors of predictors (determined by correlation), and the adjusted cluster
means (cf. 2018, p. 168). We imputed the aforementioned variables using predictive
mean matching for interval scaled variables and multinomial, ordered, or ordinary logistic
regression for discrete variables.

We imputed 21 data sets with a maximum number of iterations of twenty per data
set using the R package mice (Van Buuren and Groothuis-Oudshoorn 2011). We settled
on twenty iterations since a prior attempt with 10 exhibited signs of non-convergence and
hence possibly biased imputations. The decision of whether the specified maximum num-
ber of iterations was sufficient was based on the absence of ongoing trends or differences
between data sets in the trace plots of standard deviation and mean of imputed variables.

In order to evaluate plausibility of the imputations, we compared marginal distribu-
tions of our outcome variables split by school track, gender, and SEN between the original
and all imputed data sets, as well as bivariate distributions of outcome variables with
independent variables. See Van Buuren (2018) for matters on convergence (p. 187ff) and
diagnostic plots (p. 190ff). The results were aggregated by Rubin’s rules (Rubin 1987) using
the R package semTools (Jorgensen et al. 2019).
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