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The Multiple Mediators of Early Differences in Academic Abilities by 

Parental Financial Resources in Germany 

This paper examines the mediators of differences in academic abilities by parental 

income and wealth among pre-schoolers in Germany. Families’ investment, parental 

stress and parenting, neighbourhood effects, and parents’ educational norms and 

aspirations are considered as mediators. Unlike most existing studies, we explicitly 

consider the interdependence of these mediators and, therefore, apply sequential joint 

mediation analysis. We find that children in income-poor households score up to 0.34 

standard deviations lower and children in households with a negative net worth up to 

0.24 standard deviations lower in tests of academic ability, even when controlling for a 

comprehensive set of other familial characteristics. All mediators together explain on 

average 47% of the differences by income, but only 17% of the wealth differences. 

Parental investment is the most important mediator, followed by neighbourhood effects. 

Parental Stress, mother-child interaction quality, and educational norms and aspirations 

seem to be less relevant as mediators. 

Keywords: Economic Resources, Family Investment Model, Family Stress Model, 

Mediation Analysis, Wealth Inequality 
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Introduction 

There is strong evidence that children of parents with high socioeconomic status have higher 

cognitive skills, perform better in school, and achieve higher educational degrees. The social 

stratification of academic abilities occurs even before children enter school, and it is almost 

never fully redressed (e.g., Feinstein 2003; T. Linberg et al. 2019; Skopek and Passaretta 

2021). These early differences in academic abilities have crucial consequences for children’s 

further cognitive development and long-term consequences for their educational and 

occupational career. 

Families’ financial resources play an important role in the early social stratification of 

academic abilities. Children in families at the top of the income distribution score more than 

one standard deviation higher in standardised test scores in the US compared to children in 

families at the bottom of the income distribution (Reardon 2011). These differences get 

smaller when adjusting for other parental characteristics, or when applying fixed-effects or 

instrumental variables approaches, but important disparities remain (e.g., Dahl and Lochner 

2012; Duncan and Murnane 2011). Yet, income alone is not sufficient to capture the financial 

resources of families. Recent research shows that parental wealth contributes to differences in 

academic abilities, even when controlling for income and other familial characteristics. In the 

US, children in wealthy households were found to display substantially higher cognitive 

abilities and academic achievement than their less wealthy peers (Diemer, Marchand, and 

Mistry 2020; Friedline, Masa, and Chowa 2015; Orr 2003; Williams Shanks 2007; Yeung and 

Conley 2008). However, the size of the wealth effect seems to depend on the domain of 

academic achievement (Elliott, Destin, and Friedline 2011). For Sweden (Hällsten and Pfeffer 

2017) and for Norway (Wiborg 2017) substantial differences in adolescents’ grade point 

average by parental wealth were found. These differences in cognitive abilities and academic 

achievement later lead to lower educational attainment (Diemer, Marchand, and Mistry 2020; 
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Hällsten and Pfeffer 2017; Karagiannaki 2017). In contrast to these findings, for the UK, 

Moulton et al. (2021) found only small differences in cognitive abilities of 11-year-old 

children by parental wealth, once they adjusted for parents’ permanent income. 

To fully understand and potentially reduce these disparities, knowledge regarding their 

underlying mechanisms is needed. Important progress has already been made analysing the 

underlying mechanisms of the differences in academic ability by parental income. Substantial 

proportions of these academic ability-income differences can be explained by parents’ 

investment in children (i.e., the Family Investment Model; Becker and Tomes 1986), parental 

stress and parenting behaviour (i.e., the Family Stress Model; Conger and Conger 2002), and 

neighbourhood differences (Leventhal and Brooks-Gunn 2000). 

Despite this progress, crucial research gaps remain three of which we address in this 

paper. First, we evaluate whether academic ability differences by parental wealth are caused 

by the same mechanisms as differences by income. Only a few studies have evaluated the 

underlying mechanisms of wealth disparities in academic abilities (Diemer, Marchand, and 

Mistry 2020; Orr 2003), even though they are likely caused by other mechanisms than income 

disparities (Hällsten and Pfeffer 2017). 

Second, we test the mediators of academic ability differences in a different 

institutional context, namely Germany. Most of the theories aiming to explain these 

disparities are derived from and evaluated in the US context. Yet, it is questionable whether 

they can be generalised to other countries. Germany provides an interesting case study for this 

research question. On the one hand, we could expect less pronounced differences by financial 

resources due to the more generous welfare state and the fact that public resources are less 

dependent on the neighbourhood one lives in (Pfeffer and Hällsten 2012). On the other hand, 

educational attainment is strongly stratified and the German system of early ability tracking in 

school may make early investment more important. Few studies that have explicitly examined 
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the impact of parents’ financial resources on early academic abilities in Germany. These 

studies found that there are disadvantages regarding the academic abilities of children living 

in income-poor households or households with negative or zero net worth (Biedinger 2011; 

Schulz et al. 2017). These differences later translate into a lower educational attainment 

(Dräger 2021; Dräger and Müller 2020; Schneider 2004). 

Third and most importantly, we take into account that the different mediators of 

academic ability differences by parents’ financial resources are likely not independent but 

affect each other causally (e.g., Coley et al. 2021; Layte 2017). Since the different 

explanations for the disparities come from different disciplines, they are often tested 

separately, or in comparison to each other. However, as pointed out by the development in 

causal mediation analysis in the last decade, analysing causally related mediators as if they 

were independent gives biased results, because mediators early in the causal chain serve as 

confounders for the effect of other mediators on the outcome. Moreover, common approaches 

for mediation analysis, like the difference method (Baron and Kenny 1986), assume that there 

are no interactions between exposure and mediators or among the mediators. Here, we apply 

sequential joint mediation analysis to overcome these issues (VanderWeele and Vansteelandt 

2014; VanderWeele, Vansteelandt, and Robins 2014). 

Background 

There exist several explanations for the association between parents’ financial resources and 

children’s academic abilities. We consider the family investment model, the family stress 

model, the neighbourhood, and educational norms and aspirations. 

Family Investment Model 

The family investment model (FIM) proposes that parents invest their resources (time and 

money) in the development of their children to increase their children’s human capital 
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(Becker and Tomes 1986). These investments increase children’s academic abilities. Since 

families with more financial resources are less constrained in their investments, their children 

will have higher academic abilities than children in families with fewer financial resources. 

Investment in several components enhances the cognitive development of children and 

partially mediates the differences in academic abilities by parents’ financial resources: These 

components include children’s basic needs (e.g., housing and food), learning materials, and 

stimulating activities and services, including organised leisure activities and cultural 

activities. Empirical studies have identified parental investment as the main mediator of 

income differences in children’s cognitive development for the US (e.g., Davis-Kean 2005; 

Guo and Harris 2000; Yeung, Linver, and BrooksGunn 2002) but also for the UK (Layte 

2017; Violato et al. 2011). Similarly, differences by parental wealth are partially mediated by 

parental investment (Orr 2003). 

For Germany, we expect smaller differences in parental investment as households are 

less likely to suffer from economic hardship because of the more generous welfare state. The 

few empirical studies on financial resources and investment in Germany have mixed results: 

Income was found to be associated with more activities and materials promoting literacy, but 

not for activities and materials promoting numeracy (Kluczniok et al. 2013). Other studies 

found that higher income is associated with more participation in informal activities like early 

music education, but not with the frequency of visiting places of cultural learning like 

concerts or theatres (Mudiappa and Kluczniok 2015).  

Family Stress Model 

The family stress model (FSM) proposes that economic hardship causes stress for families, 

thereby disrupts children’s social-emotional and cognitive development. In the first step, 

economic hardship puts families under economic pressure. This increases parents’ emotional 

stress and the probability of behavioural problems, which may result in feelings of depression 
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and increased conflict between parents. Parental stress leads to less parental warmth, 

inconsistency in parenting, and less involved parenting. Ultimately, this reduction of 

interaction quality inhibits cognitive development and causes behavioural problems in 

children (Conger and Conger 2002). 

Existing research usually finds that differences in academic abilities by socio-

economic background are mostly mediated through parental investment, while differences in 

socio-emotional behaviour are mostly mediated through parenting behaviour (Gershoff et al. 

2007). However, several studies also found that parental stress and parenting behaviour affect 

children’s cognitive development (e.g., Iruka, LaForett, and Odom 2012; Kiernan and Mensah 

2011; Layte 2017; Nievar et al. 2014; Violato et al. 2011). Parental wealth may be particularly 

important to consider for this process in addition to parental income because debts seem to 

have a substantial negative effect on psychological distress (Brown, Taylor, and Wheatley 

Price 2005; Dunn and Mirzaie 2016), while assets create a buffer and reduce stress (Rothwell 

and Han 2010). 

For Germany, research on the mediating role of parental stress and parenting is rare 

and results are inconsistent. Weinert, Attig, and Rossbach (2017) find a negative effect of 

income-poverty on mother-child interaction quality. Conversely, Attig and Weinert (2018) 

find no effect of income on mothers’ interaction behaviour with toddlers. Walper and Grgic 

(2013) find only a negative effect of poverty on activities related to education, but not for 

interaction quality. 

Neighbourhood 

Parents with sufficient financial resources can afford to reside in or relocate to 

neighbourhoods that are better suited to foster their children’s development (Owens 2018). On 

the one hand, the infrastructure and composition of a neighbourhood affect children’s 

cognitive development directly: Children will develop better when there are high-quality 
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public facilities available, when they play with other children with high cognitive abilities 

(Justice et al. 2011), and when they are not exposed to noise and air pollution (Evans 2006). 

On the other hand, the neighbourhood affects children’s development indirectly by affecting 

parents: Parents will be more stressed when they are exposed to the threat of crime or when 

the neighbourhood provides them with few opportunities for recreation (Leventhal and 

Brooks-Gunn 2000) and will be more likely to invest in high-quality childcare, activities, and 

services that foster cognitive development when these are close by. 

For Germany, recent research shows that families with a high socioeconomic status 

move to less deprived neighbourhoods when the nearby elementary schools are deemed 

unsuitable (Oeltjen and Windzio 2019). However, we assume neighbourhood effects to be 

smaller in Germany because the financial situation of a neighbourhood is less dependent on 

the financial resources of its residents than in the US. 

Educational Norms and Aspirations 

Lastly, some existing studies claim that educational norms and aspirations mediate the effect 

of parents’ financial resources, particularly of parents’ wealth. Wealth may create a sense of 

educational entitlement, leading wealthy families to promote pro-educational norms among 

their children and to have higher educational aspirations for them (Conley 2001). This can be 

partially attributed to families trying to secure their wealth advantage throughout generations 

through (higher) education, and partially to wealth enabling families to invest more in the 

future in general (Zhan and Sherraden 2011). To conform to these educational norms and high 

aspirations, children have to perform well in school (Hällsten and Pfeffer 2017), which will be 

easier if children already have high academic abilities before entering school. In consequence, 

it can be expected that parents with pro-educational norms and high aspirations will invest 

more resources and time in their child. Diemer, Marchand, and Mistry (2020) found that 
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parental expectations mediate more than half of the wealth differences in the achievement test 

scores of 6 to 12-year-old children in the US. 

Interdependencies between Mediators 

The current state of research often considers the aforementioned mediators as being separate 

and independent causal pathways between parents’ financial resources and children’s 

academic abilities. However, as already noted, we assume that investment, stress, parent-child 

interaction quality, norms and aspirations, and neighbourhood affect each other. 

The neighbourhood where a family lives defines the context for other processes that 

affect children’s development (Williams Shanks and Robinson 2013). First, the 

neighbourhood affects parents’ stress. Parents will be more stressed when they are exposed to 

the threat of crime or when the neighbourhood provides them with few recreational 

opportunities. Second, parents might to a lesser degree abide by pro-educational norms, if 

their peers in the neighbourhood value education negatively. Finally, the neighbourhood may 

constrain investments: Even if parents have the required financial resources for services that 

foster cognitive development, they cannot invest in them without ready access to these 

services (Leventhal and Brooks-Gunn 2000). 

Secondly, parents’ educational norms affect their parenting behaviour and investment. 

We assume that parents with high educational aspirations and a positive attitude towards 

education will try to implement these attitudes by using parenting styles that foster cognitive 

development (Davis-Kean 2005) and will be more willing to invest or undertake joint 

activities with their children (Kim et al. 2015). 

Lastly, parental stress affects family investment. Parents with high levels of stress will 

invest less in their children (Gershoff et al. 2007). 

These expected effects among the mediators are presented in Figure 1. Solid arrows 

show the effects as they are expected in the current literature, while dotted arrows show the 
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potential effects between the different mediators that are yet to be examined in detail. The 

described interdependencies among the mediators result in a chain of mediators, with the 

neighbourhood as the first mediator and parents’ investment as the last mediator. This chain 

of mediators will be used for the mediation analysis.   

Although our structural model is comprehensive, there may be additional paths that we 

did not consider. For instance, parents with high educational aspirations might be more likely 

to move to neighbourhoods that provide higher school quality and a better environment for 

cognitive development (Kim et al. 2005). Our model cannot account for these alternative 

paths. 

 

Figure 1. Theoretical path model with interdependent mediators. 
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Methods 

Data 

For our analysis, we use data from the newborn cohort of the German National Educational 

Panels Study (hereafter NEPS; Blossfeld, Roßbach, and von Maurice 2011). The target 

population of this cohort sample were children born in Germany between February and June 

2012. The data contains information about parents’ socio-demographic characteristics and 

multiple standardised competency tests for children. Most importantly it has rich data on all 

potential mediators of the effect of parents’ socio-economic characteristics and children’s 

academic abilities. At the time of the most recent panel wave (2018, wave seven), the children 

were six years old. For our analysis, we use all children that had participated in at least one of 

the competency tests in waves five, six or seven. This leaves us with an analysis sample of 

2,377 children out of the initial sample of 3,481 children. 

We use the weighting factors offered by the NEPS to account for selective 

participation in the first wave of the survey and multiply these weights with the inverse of the 

probability to be included in the analysis sample to account for selective panel attrition. For 

the estimation of the probability of attrition, we use a categorisation tree (Hastie, Tibshirani, 

and Friedman 2009; Hayes et al. 2015) on the same variables that were used by the NEPS to 

estimate weights. 

We generate multiple imputations for missing values in parental financial resources, 

mediators, control variables, and test scores for children with at least one observed test score. 

We create 50 imputed data sets using categorisation and regression trees (Burgette and Reiter 

2010). 
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Academic Abilities 

We use the results of all four standardised competency tests that were assessed in the fifth, 

sixth, and seventh wave of NEPS. We use four different measures of children’s academic 

abilities, assessing their competencies in math, science, and verbal ability, because the effect 

of parents’ financial resources may depend on the domain (Elliott, Destin, and Friedline 

2011). For math abilities (measured in wave five, when children were four years old and sixth 

wave, when they were six years old) and scientific abilities (measured in wave six when 

children were five years old), we use the weighted maximum likelihood estimates provided by 

NEPS, which were derived from performances in a standardised test with 20 tasks (Hahn et al. 

2013; Peterson and Gerken 2018). Verbal ability is measured in the sixth wave by children’s 

scores in the German adaptation of the Peabody Picture Vocabulary Test (PPVT). 

Financial Resources: Wealth 

Parents participating in NEPS are asked to estimate the value of all real estate and financial 

assets of their household and then to estimate the value of their debts and liabilities. Parental 

wealth was measured in the third wave when children were two years old. In line with 

existing research, we use parents’ net worth (assets minus debts) as a measure of wealth. In 

our sample, net worth ranges from -400k EUR to 10m EUR and is with a mean of 310k EUR 

and a median of 50k EUR strongly right-skewed (see appendix A). We categorise net worth 

into five categories to capture potential non-linear effects: 

(1) Negative net worth / 1. Quintile [-400k EUR; 0 EUR), 

(2) 2. Quintile [0 EUR; 20k EUR), 

(3) 3. Quintile [20k EUR; 100k EUR), 

(4) 4. Quintile [100k EUR; 210k EUR), 

(5) 5. Quintile [210k EUR; 10m EUR]. 
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This categorisation corresponds roughly to the quintiles in the weighted data set. The first 

group is smaller than the other categories (14 %) to allow us to differentiate between negative 

and positive net worth. 1  

Financial Resources: Income 

We use the average of the net household monthly income over the first three waves and 

equivalise it to the household size using the OECD-modified scale. The reported equivalised 

household incomes range from 506 EUR to 10,902 EUR per month. Like for parental wealth, 

we categorise equivalised household income into five categories: 

(1) Income-poor / 1. Quintile [506 EUR; 980 EUR), 

(2) 2. Quintile [980 EUR; 1,389 EUR), 

(3) 3. Quintile [1,389 EUR; 1,694 EUR), 

(4) 4. Quintile [1,694 EUR; 2,111 EUR), 

(5) 5. Quintile [2,111 EUR; 10,902 EUR]. 

The first threshold corresponds to 60% of the median equivalised household income in 

Germany in 2013 (Statistisches Bundesamt 2019). Households below this threshold count as 

income-poor. As for the categorisation of wealth, this first group (16 %) is slightly smaller 

than the other groups. 

 

1 We use this parsimonious way to model non-linearities to keep the mediation analysis with multiple 

mediators comprehendible. With non-linear total effects, there are different indirect effects for 

each potential wealth (or income) contrast. Additionally, using the five net worth and income 

categories results in better model fit (AIC) and captures more variance in children’s academic 

abilities than when using linear, quadratic, or cubic specifications for income and net worth. 
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Mediator: Neighbourhood 

We chose mediators and the time-point of measurement (when multiple measures were 

available) based on our theoretical model presented in Figure 1. Whenever possible, we 

measured the proposed mediators with multiple items and applied factor analysis to items that 

are supposed to measure latent constructs. The measurements of all mediators are summarised 

in Table 1, including all items used, the wave of their measurement, and the type of factor 

analysis applied. 

We operationalise the quality of a neighbourhood with five variables about the 

composition of the neighbourhood, like the share of academics, an index of its purchasing 

power and the unemployment rate. This data was provided by a private marketing firm 

(Schönberger and Koberg 2017) for the time when the first wave took place. Except for the 

unemployment rate, all variables were measured on the street-level.  Unlike the items assessed 

in the survey, the neighbourhood variables were not constructed to measure one latent 

construct. Therefore, we applied (exploratory) principal factor analysis. We extract the first 

factor to measure the composition of the neighbourhood, which captures most of the common 

variance of the variables (Eigenvalue=3.21; KMO=0.81). 

Mediator: Educational Norms and Aspirations 

On the one hand, we use measures of parents’ general attitude towards education by applying 

confirmatory factor analysis (CFA) on items like ‘To go to school is a waste of time’ 

(Cronbach’s 𝛼=0.56). On the other hand, we consider parents’ idealistic aspirations for the 

school leaving certificate of the child. Here we only distinguish between aspirations for the 
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highest school leaving certificate and all other certificates. Both, parents’ attitudes and their 

aspirations were only measured in the fourth wave.2 

Mediator: Parental Stress 

We use the mothers’ self-reported feelings to measure parental stress. In the second wave, 

mothers were surveyed about depressive feelings, whether they feel like they are running out 

of energy, whether they feel restricted by their role as a mother, and whether they feel lonely 

(Cronbach’s 𝛼=0.67). We apply CFA to these items. 

Mediator: Mother-Child Interaction Quality 

To measure the interaction quality, mothers were given age-adequate toys and were asked to 

‘play with the child as you would normally do, if you were alone with the child and have some 

time to play’. This semi-standardised play situation was recorded on video and the video 

material was later rated with respect to different interaction behaviours of mother and child 

(for more details see A. Linberg et al. 2019). Here, we use the ratings of interaction in the 

third wave, the last wave that these measures took place. At this point, children were on 

average 27 months old. We apply CFA on the rating of mother’s sensitivity to non-distress, 

positive attention, emotionality, and sensitivity (Cronbach’s 𝛼=0.70; Weinert et al. 2016). 

 

2 An earlier measurement of parents’ attitudes and aspirations would have been preferable with respect 

to our theoretical model. With the available measurement of parents’ attitudes and aspirations, 

we have to assume that these attitudes are reasonably time-constant and not affected by parental 

stress and parenting style. The weak association between parents’ attitudes and aspirations with 

parental stress and parenting style seem to support this. 
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Mediator Construct Items Wave Loading Method 
Neighbourhood Neighbourhood  Share of academics  1 0.638 EFA 
 Composition Social Status  0.966  
  Probability of default in payment  -0.725  
  Index of purchasing power  0.864  
  Unemployment rate  -0.775  
Educational  Norms To go to school longer is a waste of time. 4 -0.302 CFA 
Norms and  Without Abitur you have to feel a little bit ashamed  0.642  
Aspirations  A high level of education expands a person’s horizons.  0.636  
  Education is indispensable to the cultural life of our country.  0.708  
  Students should take the Abitur no matter what the cost.  0.495  
 Aspirations What school-leaving qualification would you like for the 

child? 
4 - Single Item 

Parental Stress Parental Stress How often in the last 4 weeks did you feel depressed or sad? 2 0.655 CFA 
  I often feel like I am running out of energy.  0.758  
  I often feel alone.  0.700  
  I am suffering from being restricted to my role as a mother.  0.581  
Parent-Child Parent-Child Sensitivity to non-stress 3 0.311 CFA 
Interaction Interaction Stimulation  0.557  
Quality Quality Positive regard  0.827  
  Emotionality  0.918  
Investment Materials Number of children’s books 5 - Single Item 
 Cultural activities Frequency of museum visits 5 0.485 CFA 
  Frequency of visiting zoos or wildlife parks  0.414  
  Frequency of attending concerts for children  0.531  
  Frequency of watching theatre plays for children  0.627  
 Time investment Read out 5 0.441 CFA 
  Dealing with letters  0.547  
  Dealing with numbers  0.610  
  Learning rhymes  0.525  
  Painting  0.423  

Table 1. Measurement of mediators  
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NEPS, starting cohort Newborns. N=2,377. Weighted and averaged over 50 imputed datasets. EFA = Exploratory factor analysis; CFA = Confirmatory 

factor analysis.
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Mediator: Investment 

We measure different aspects of parental investment using three constructs: materials, 

investment in cultural activities and time investment in joint activities. All items were 

measured in wave five. For investment in material, NEPS only offers the number of children’s 

books. Time investment is measured by the frequency of different learning-related activities 

like reading to the child or showing them letters (Cronbach’s 𝛼=0.57). Investment in cultural 

activities is measured using four items that assess the frequency of different activities, like 

visiting concerts or theatres for children (Cronbach’s 𝛼=0.53). Unlike the time investment, 

these activities are usually not free of costs for parents. For parental investment in learning-

related activities and investment and cultural activities, we apply CFA. 

Control Variables 

To get unbiased estimates for the mediation analysis we have to control for all potential 

confounders between parents’ financial resources, mediators, and children’s academic 

abilities. Therefore, we control for parents’ highest education (ISCED) and occupational class 

(EGP), migration status, age, marital status, family structure, number of siblings, child’s 

gender, child’s age, and whether the family lives in east or west Germany. Controlling for 

parental education and occupational class is necessary because we are only interested in the 

effect of financial resources and not in other advantages that may be associated with high 

socioeconomic status. 

All these variables were measured in the first wave. Descriptive statistics of parents’ income 

and wealth and all control variables are provided in Table A1. 

Analysis Plan 

In a first step, we estimate the differences in children’s test scores (Math, PPVT, and Science; 

𝑌) by parents’ financial resources (income and net worth; 𝐴) using ordinary least squares 
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(OLS) regressions. In these models, we include both income and net worth3 and all the control 

variables (𝐶).  

In a second step, we apply causal mediation analysis. In causal mediation analysis, the 

focus of interest is usually on the natural indirect effects (NIE) and the remaining natural 

direct effects. NIEs are defined as the difference in an outcome that would have occurred if 

the individuals had the observed values of exposure (𝛼), but the values of a mediator (𝑀) that 

would have arisen under a counterfactual level of exposure (𝑀𝛼∗), instead of the observed 

values for exposure and mediator (𝑀𝛼): 𝐸[𝑌𝛼𝑀𝛼 − 𝑌𝛼𝑀𝛼∗
]. 

Four no confounding assumptions must hold to get unbiased estimates (VanderWeele 2015):  

(1) There are no unmeasured confounders of the relation between exposure and outcomes;  

(2) There are no unmeasured confounders of the relation between exposure and mediators;  

(3) There are no unmeasured confounders of the relation between mediators and 

outcomes;  

(4) There is no mediator-outcome confounder that is affected by the exposure. 

If these assumptions hold, estimates can be interpreted as causal effects.4 Due to the 

rich set of control variables, we assume that assumptions 1-3 hold. Therefore, we will talk 

 

3 A high income may allow households to accumulate more wealth, and, at the same time, returns to 

investment may generate income. We decided to include both income and net worth in the same 

model to get conservative estimates for their unique contributions (see Pfeffer 2018 and Moulton 

et al. 2021 for a similar approach). Total differences are only slightly larger when excluding net 

worth for the estimation of income effects and vice versa (see appendix E).  
4 Additionally, we must make consistency and positivity assumptions (Hernán and Robins 2020). For 

mediation analysis, these assumptions also apply to all mediators (Zhou 2021). We evaluate the 

common support for net worth, income, and all mediators in the appendix C by comparing the 

distribution of the propensity scores between exposed and non-exposed cases. If certain ranges of 

propensities are only observed for exposed or non-exposed cases this indicates a lack of common 
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about indirect effects from here on. Potential violations of these assumptions are addressed in 

the discussion. 

Unlike assumptions 1-3, assumption 4 also applies to observed mediator-outcome 

confounders. Therefore, only the joint indirect effect via all mediators together and the NIE 

via the first mediator in the causal chain, here the neighbourhood, are statistically identified 

(VanderWeele, Vansteelandt, and Robins 2014). The NIEs via educational norms and 

aspirations, stress, parent-child interaction quality, and parental investment are not statistically 

identified because there are mediators earlier in the causal chain. On the one hand, we have to 

control for these early mediators, like the neighbourhood, when estimating the effect of the 

other mediators on the outcome because the neighbourhood is a confounder of the association 

between the other mediators and the outcome (e.g., Investment ← Neighbourhood → 

Academic Abilities). On the other hand, we must not control for the neighbourhood because 

this would capture a part of the indirect effect of these other mediators (e.g., Financial 

Resources → Neighbourhood → Investment → Academic Abilities). Either way, the results 

will be biased. 

Therefore, we follow the sequential joint mediation approach by VanderWeele, 

Vansteelandt, and Robins (2014) and estimate partial indirect effects (PIE) for these 

mediators. PIEs give us the indirect effects through a specific mediator that bypasses all prior 

mediators (Steen et al. 2017). It shows us how much of the total effect of parents’ financial 

resources we could erase by a hypothetical intervention that sets the effect of financial 

resources on this mediator to zero. 

 

support. The propensities of exposed and non-exposed cases largely overlap for net worth and 

most mediators. Only for income-poverty and low values in learning materials, there are few 

non-exposed cases with high propensities. Estimates for these cases are based on extrapolations. 
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This decomposition is achieved by comparing joint indirect effects in a nested subset of 

mediators:  

(1) Neighbourhood,  

(2) Neighbourhood + Educational Norms & Aspirations,  

(3) Neighbourhood + Educational Norms & Aspirations + Parental Stress,  

(4) Neighbourhood + Educational Norms & Aspirations + Parental Stress + Parent-child 

Interaction Quality,  

(5) Neighbourhood + Educational Norms & Aspirations + Parental Stress + Parent-child 

Interaction Quality + Investment. 

The indirect effect in model 5 gives us the joint indirect effect via all mediators together and 

the indirect effect in model 1 gives us the NIE of neighbourhood. PIEs can be estimated as the 

difference in indirect effects between consecutive models: The PIE of educational norms and 

aspirations can be estimated as the difference in the indirect effects between model 1 and 2, 

PIE of parental stress as the differences between model 2 and 3, PIE of parent-child 

interaction quality as the differences between model 3 and 4, and the PIE of investment as the 

difference between model 4 and 5. Note that NIE and PIE also capture indirect effects via 

mediators later in the causal chain. For instance, the NIE of neighbourhood also captures 

indirect effects like Financial Resources → Neighbourhood → Investment → Academic 

Abilities (see also appendix B for a graphical presentation of all indirect effects). 

We use ‘Natural Effect Models’ to estimate direct and indirect effects (Steen et al. 

2017). The underlying idea of this approach is to impute nested counterfactual values for the 

outcomes (𝑌𝛼𝑀𝛼∗
) and then estimating direct and indirect effects by regressing 𝑌𝛼𝑀𝛼∗

 on the 

actual exposure (𝑎) and the counterfactual exposure (𝑎 ∗) (for more details see Vansteelandt, 

Bekaert, and Lange 2012, and Steen et al. 2017). We use lasso regressions to select the 
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covariates (Tibshirani 1996) for the imputation of 𝑌𝛼𝑀𝛼∗
 from the set of financial resources, 

control variables, mediators, interaction-terms between financial resources and mediators (i.e., 

exposure-mediator interactions), and interaction-terms among the mediators. We choose the 

penalisation parameter that yields the lowest AIC for the lasso regressions.  

Standard errors are estimated using bootstraps on the imputed data (Schomaker and 

Heumann 2018). Individuals are sampled into the bootstrap by the inverse of their probability 

to be included in the analysis sample. 

Results 

Differences in Academic Abilities by Financial Resources 

Results for all four measures of academic abilities are presented in Figures 2.1 to 2.4. We see 

substantial differences for all measures of children’s academic abilities by both parental 

income and net worth (see ‘Total Differences’ in Figures 2.1 to 2.4). Already at an age of four 

years, children in income-poor households score 0.22 standard deviations (SD) lower in the 

standardised math test scores than children living in households with the highest incomes. 

Similarly, children in income-poor households score up to 0.30 SD lower in the math test at 

an age of six, up to 0.23 SD lower in science, and up to 0.34 SD lower in PPVT. 

A similar pattern emerges for parental net worth, but with smaller effect sizes. 

Children with a negative net worth score up to 0.22 SD lower in the math test at an age of 

four, up to 0.23 SD lower in math at an age of six, and up to 0.24 SD lower in the science test. 

Differences in PPVT scores are much smaller and none of them is statistically significant.5 

 

5 Raw differences (without adjusting for control variables) by income are up to three times larger and 

raw differences by wealth are up to two times larger than the adjusted differences (see appendix 

D).  
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The differences in academic abilities by parents’ financial resources are non-linear. 

The largest contrast appears between children growing up in households below the income-

poverty threshold and children growing up in households above this threshold. The 

differences in academic abilities among children in the second to fifth income quintile are 

much smaller. For instance, for math test scores at age four, children in households in the 

second income-quintile score 0.211 SD higher (95%-CI: 0.012 - 0.408), while children in the 

fifth income-quintile score 0.224 SD higher (95%-CI: 0.002 - 0.440) compared to income-

poor children. 

Likewise, for parental net worth, we see the largest contrasts between children in 

households with negative net worth and children in households with zero or positive net 

worth. Moreover, we see for all outcomes that children in the highest net worth quintile score 

lower than children in the fourth net worth quintile. This pattern is most pronounced for math 

test scores at an age of six. Children in the second net worth quintile score 0.110 SD higher 

(95%-CI: -0.058 - 0.284), and children in the fourth net worth quintile even 0.230 SD higher 

(95%-CI: 0.041 - 0.436) than children in households with negative net worth. However, 

children in the highest net worth quintile score only 0.131 SD higher (95%-CI: -0.073 - 0.338) 

than children in households with negative net worth, and, thus, almost 0.10 SD lower than 

children in the fourth net worth quintile. Importantly, all these differences emerge after 

controlling for the comprehensive set of other parental characteristics.
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Figure 2.1. Mediation analysis of math test scores differences by parental income and wealth 

at age four 

NEPS, starting cohort Newborns. N=2,377. Weighted and averaged over 50 imputed datasets. 

Reference categories: Income = Income-poor. Net Worth = Negative. 
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Figure 2.2. Mediation analysis of math test scores differences by parental income and wealth 

at age six 

NEPS, starting cohort Newborns. N=2,377. Weighted and averaged over 50 imputed datasets. 

Reference categories: Income = Income-poor. Net Worth = Negative. 
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Figure 2.3. Mediation analysis of science test scores differences by parental income and 

wealth  

NEPS, starting cohort Newborns. N=2,377. Weighted and averaged over 50 imputed datasets. 

Reference categories: Income = Income-poor. Net Worth = Negative. 
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Figure 2.4. Mediation analysis of PPVT scores differences by parental income and wealth  

NEPS, starting cohort Newborns. N=2,377. Weighted and averaged over 50 imputed datasets. 

Reference categories: Income = Income-poor. Net Worth = Negative. 
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Mediation Analysis 

In the next step, we analyse which factors mediate these differences in academic abilities by 

parents’ financial resources. In general, we see that the indirect effects are much more 

consistent over the different measures of academic abilities than the total income differences. 

Moreover, in contrast to the total differences, all joint indirect effects are statistically 

significant. All mediators together mediate between 0.041 and 0.097 SD of the difference 

between children in income-poor households and children in the second income quintile and 

even 0.094 to 0.185 SD of the differences between children in income-poor households and 

children in the highest income quintiles (see ‘Joint Indirect’ in Figures 2.1 to 2.4). On 

average, all mediators together account for 47% of the disparities by parental income.6 

Parental investment and the composition of the neighbourhood seem to be the most 

important mediators of income differences. Differences in parental investment account for 

0.031 to 0.080 SD of the income differences for math (age 6), science and PPVT scores. 

Indirect effects via investment are less relevant for math test scores at age 4 (see ‘PIE 

Investment’). On average, 23% of the differences by parental income can be attributed to 

parental investment. 

 The neighbourhood composition mediates between 0.026 and 0.054 SD of the income 

differences in math test and PPVT scores (see ‘NIE NBH’). This corresponds, on average, to 

23% of the total differences for these outcomes. 

All other indirect effects are much smaller and occur only for some measures of 

academic abilities and some income contrasts. Parents’ educational norms mediate a small 

share of the difference between children in the highest quartile in contrast to the lowest 

 

6 We only consider outcomes and income / wealth contrasts, for which the Total Difference is larger 

than 0.1 for the calculation of the average proportion mediated. 
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quintile for math test scores at age four (PIE=0.023; 95%-CI: -0.010 - 0.058) and math test 

scores at age six (PIE=0.025; 95%-CI: -0.006 - 0.060). Lastly, there are small indirect effects 

via parent-child interaction quality for math test scores at age six and science test scores. Yet, 

it is important to keep in mind that all indirect effects except for the PIE via parental 

investment also include indirect effects via the mediators later in the causal chain (see 

appendix B). 

The indirect effects of wealth differences are much smaller than indirect effects of 

income differences and most are not statistically significant. The largest joint indirect effect 

emerges for the contrast between children in the fourth net worth quintile and children in 

households with negative net worth: 0.032 SD (95%-CI: -0.021 - 0.105) for math test scores 

at age four, 0.053 SD (95%-CI: -0.007 - 0.117) for math test scores at age six, and 0.039 SD 

(95%-CI: -0.017 - 0.094) for PPVT scores. On average, all mediators together account for 

17% of the total difference in academic abilities by parental net worth. 

Like for income, the most important mediators seem to be parental investment (on 

average 12% of total differences by wealth) and neighbourhood effects (on average 8%). 

Surprisingly, differences in parental investment seem to contribute most to the differences in 

academic abilities between children in the second net worth quintile and children in 

households with a negative net worth (e.g., for science: 0.036 SD; 95%-CI: -0.013 - 0.088) 

and less for the differences between children in the households with the highest net worth in 

contrast to those with negative net worth. 

Indirect effects via the neighbourhood composition emerge only for math and PPVT 

scores. The largest indirect effect emerges for the differences in math test scores at age six for 

the contrast between children in the highest net worth quintile and children in households with 

negative net worth: 0.034 SD (95%-CI: 0.011 - 0.062). Indirect effects of parental net worth 
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via parental Stress, mother-child interaction quality, and educational norms and aspirations 

seem to be negligible. 

We would have gotten different results if we had used the difference method instead 

of the sequential mediation approach (see Table 2). Recall that the results of these two 

methods may differ for two reasons: 1) interdependencies between the mediators and 2) 

interactions between financial resources and mediators or interactions among the mediators.  

We observe four main differences when comparing the results of the two methods. 

First, when using the sequential mediation approach, the joint indirect effect equals the sum of 

the indirect effects via the five mediators (by definition). This is not the case for the difference 

method. The sum of the indirect effects via neighbourhood, norms, parental stress, interaction 

quality and parental investment is 0.011 SD larger than the joint indirect effect for income and 

0.005 SD larger for wealth when using the difference methods. Second, on average over all 

outcomes, the difference method overestimates the indirect effect via parental investment by 

0.01 SD (see row ‘Investment’, column ‘Average of differences’ in Table 2) i.e., by about 

20%. Third, the joint indirect effects of income differ between the methods on average by 

0.009 SD (row ‘Joint indirect’, column ‘Average of absolute difference’). However, the 

average difference between the methods is almost zero because of overestimations for some 

outcomes but underestimations for other outcomes. Lastly, the standard errors of the indirect 

effect estimates are larger when applying the sequential mediation analysis. For example, the 

standard errors of the joint indirect effects are 1.4 times larger when using the sequential 

mediation approach than when using the difference method. This reflects the bias-variance 

trade-off that we face when allowing for exposure-mediator and mediator-mediator 

interactions in the sequential mediation approach, which are assumed to be zero when using 

the difference method.
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 Average of 
differences 

Average of absolute 
differences 

Ratio of SEs 

Income    
Joint Indirect -0.001 0.009 1.425 
NBH 0.000 0.003 1.028 
Norms 0.001 0.003 1.709 
Stress -0.003 0.005 3.285 
Interaction Quality -0.001 0.003 1.756 
Investment -0.010 0.010 1.548 
Net Worth    
Joint Indirect -0.002 0.006 1.480 
NBH 0.001 0.001 1.164 
Norms -0.004 0.004 1.379 
Stress -0.002 0.003 2.703 
Interaction Quality 0.000 0.002 1.869 
Investment -0.002 0.005 1.504 

Table 2. Difference between indirect effects with the sequential mediation approach and the 

difference method.  

Differences averaged over all four outcomes and four income / net worth contrasts. Average of 

differences = Indirect effects obtained with sequential mediation approach – Indirect effect 

obtained with difference method. Ratio of SEs = Standard errors of the indirect effects obtained 

with the sequential mediation approach / standard errors of the indirect effects obtained with 

the difference method. 

The multiple mediators of early differences in academic abilities by parental financial resources in Germany



 

32 
 

Discussion 

In this paper, we evaluate the association between parents’ financial resources and the 

academic abilities of pre-school children in Germany and test potential mediators of these 

associations. Even when controlling extensively for other socio-demographic parental 

characteristics, we find that children growing up in income-poor households score up to 0.33 

SD lower in math, science and PPVT. Yet, differences by income do not give the complete 

picture of the stratification by parents’ economic resources: On top of the differences by 

parental income, we also find a substantial difference in math and science test scores by 

parental wealth. Consistently with the literature (Elliott, Destin, and Friedline 2011), we do 

not find wealth differences in PPVT scores. 

Both, differences by parental income and wealth emerge particularly at the lower end 

of the distribution. Children in income-poor households or households with negative net 

worth score substantially worse than their peers above these thresholds. This threshold effect 

is in line with other research on income effects in Germany (e.g., Schneider 2004). Thus, a 

lack of financial resources hinders children’s academic abilities, while more financial 

resources do not result in higher academic abilities once families have surpassed a relatively 

low threshold. 

Based on the existing literature, we test five potential mediators of the association 

between parents’ financial resources and children’s academic abilities: family investment, 

parental stress and parenting, neighbourhood effects, and educational norms and aspirations. 

Importantly, these different mediators are interdependent, which has to be considered for their 

analysis. Traditional approaches to mediation analysis give biased results if mediators are 

causally related. 

Applying a sequential joint mediation approach, we find that all mediators together 

explain on average 47% of the differences in academic abilities by parental income, but only 
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17% of the differences by parental wealth. The most important mediator of the differences by 

parents’ financial resources is parental investment. This finding is in line with existing results 

which demonstrate that investment is more important in driving income effects on academic 

abilities than family stress and parenting behaviour (Guo and Harris 2000; Yeung, Linver, and 

BrooksGunn 2002). Besides family investment, the most important mediator seems to be the 

neighbourhood composition. One explanation for this could be that the neighbourhood 

composition will be reflected in the composition of day-care groups, which have been shown 

to affect children’s cognitive development (Becker and Schober 2017). Parents’ educational 

norms and aspirations, their stress levels and the parent-child interaction quality do not seem 

to contribute substantially to differences in academic abilities by parents’ economic resources, 

even when considering their indirect effects on parental investment behaviour. Particularly the 

negligible contribution of educational aspirations stands in strong contrast to the finding of 

Diemer, Marchand, and Mistry (2020) for the US. One explanation for this could be that 

Diemer, Marchand, and Mistry (2020) did not consider other mediators. Moreover, 

educational aspirations may become more important for educational decisions when children 

are older. 

Overall, our results raise the question as to why the proposed mediators explain a 

much smaller proportion of the wealth differences than they do for income differences. This 

finding highlights again that wealth differences in academic abilities are caused by other 

underlying mechanisms than income differences. Further mechanisms that may drive wealth 

effects may be housing conditions and housing stability. Housing is by far the largest 

component of the wealth portfolio of most households (Grabka and Westermeier 2014). At 

the same time, it has been shown that child development is harmed by bad housing conditions 

and instability (Evans 2006; Ziol-Guest and McKenna 2014). Housing quality was, however, 

not evaluated in NEPS. 
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Importantly, our results have to be interpreted in the context of Germany, where 

children’s differences in academic ability resulting from other socioeconomic characteristics 

of their parents - like their parents’ educational levels - are larger than differences caused by 

financial resources. The extent to which these results can be generalised to other countries 

remains an open question. The magnitude of disparities in academic abilities will vary 

according to how stratified the mediators are by financial resources. 

Some limitations should be considered for the interpretation of our results. First, even 

though a comprehensive set of variables was measured in NEPS, the timing of measurement 

was not optimal for our research questions. Parental wealth was only measured in the third 

wave. Although wealth could have potentially changed during this time and may have been 

affected by the neighbourhood in which parents live, we assume that no large bias arises from 

this because of our categorical operationalisation of net worth and because there were no 

substantial changes to the distribution of wealth during this period (Grabka and Westermeier 

2014). A similar argument applies to parents’ educational norms, which were measured only 

in the fourth wave. Nevertheless, the potential bias arising from this would not change the 

substantive results, because the association of norms with all outcomes and mediators is 

negligible small. 

Second, both parents’ financial resources, particularly wealth, and mediators are 

probably measured with error. Wealth was self-reported by parents, which is often inaccurate 

(Goodman and Ittner 1992). Measurement error in parents’ financial resources will lead to an 

underestimation of the total differences in children’s academic abilities (Mazumder 2005). 

Since wealth is likely measured with more error than income, underestimation will be larger 

for wealth. Among the mediators, particularly parents’ investment in learning materials could 

have been measured in more detail. Measurement error in mediators will lead to an 

underestimation of the indirect effects (VanderWeele 2015). 
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Third, the interpretation of the results of the mediation analysis depends crucially on 

whether its assumptions are met, particularly that there are no unmeasured confounders. One 

potential unmeasured confounder of parents’ economic resources and children’s academic 

abilities could be parents’ cognitive and non-cognitive competencies, which were not assessed 

in NEPS. Although parents’ competencies may be partly captured by parents’ education and 

occupational class, this could have resulted in an overestimation of effects. However, if only 

parents’ economic resources and children’s academic abilities are confounded, only total 

differences and direct effects are biased, while the indirect effects remain unbiased. If this 

were the case, we could apply the front-door criterion (Pearl 2009) and interpret the joint 

indirect effect as an unbiased estimate of parents’ economic resources’ effect. 

Fourth, as already mentioned in the background section, there may be additional 

causal paths between mediators that we did not consider, like educational norms affecting the 

choice of the residence. Testing these additional pathways would require longitudinal data on 

all mediators. 

Despite these limitations, our research suggests once more that wealth is a unique 

dimension of social stratification and that ignoring it may lead to an underestimation of 

inequalities. Yet, even when using a rich set of the proposed mediators of wealth differences, 

surprisingly little of the differences can be explained. To reduce the stratifying consequences 

of wealth inequality, further research is needed to test the underlying mechanisms of wealth 

stratification in other contexts and to test further potential mediators like housing conditions. 

Moreover, our results highlight that individual mediating factors of social stratification 

cannot be studied in isolation when mediators are causally related. Not including a mediator 

which occurs early in the causal pathway may cause confounding between later mediators and 

the outcome. The problem of causally related mediators does not only apply to our analysis 

The multiple mediators of early differences in academic abilities by parental financial resources in Germany



 

36 
 

but to most mediation processes in the social sciences. The bias from ignoring other mediators 

will be particularly severe in contexts where mediators are strongly related. 
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Appendix 

A. Descriptive Statistics 

Variable Mean /  
Median /  

Proportion 

Minimum Maximum 

Household Net Worth    
   Mean 310,997 -400k 10m 
   Median 50,000 - - 
   Negative / 1. Quintile [-400k; 0) 13.86 % - - 
   2. Quintile [0; 20k) 25.22 % - - 
   3. Quintile [20k; 100k) 19.80 % - - 
   4. Quintile [100k; 210k) 21.10 % - - 
   5. Quintile [210k; 10m] 20.02 %   
Equivalized Household Income    
   Mean 1,659 506 10,902 
   Median 1,540 - - 
   Income-poor / 1. Quintile [506; 980) 15.90 % - - 
   2. Quintile [980; 1389) 24.38 % - - 
   3. Quintile [1,389; 1,694) 19.62 % - - 
   4. Quintile [1,694; 2,111) 19.79 % - - 
   5. Quintile [2,111; 10,902] 20.32 %   
Parents’ highest ISCED    
   0-3 32.10 % - - 
   4 7.68 % - - 
   5B 19.25 % - - 
   5A / 6 40.96 % - - 
Parents’ highest EGP    
   I 37.00 % - - 
   II 30.91 % - - 
   IIIa, IV 12.62 % - - 
   IIIb, V, VI, VII 19.47 % - - 
At least one parent was born abroad 26.57 % - - 
Single parent 6,06 % - - 
Parents’ average birthyear (Mean) 1979 1958 1995.5 
Child is a boy 50.76 % - - 
Child’s month of birth (Mean) 04 / 2012 02 / 2012 06 / 2012 
Number of older siblings (Mean) 0.77 0 6 

Table A1. Descriptive Statistics  

NEPS, starting cohort Newborns. N=2,377. Weighted and averaged over 50 imputed datasets.
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B. Indirect Effects 

Joint Indirect 

 
NIE Neighbourhood 
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PIE Educational Norms and Aspirations 

 
PIE Stress 
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PIE Parent-Child Interaction Quality 

 
PIE Investment 
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Figure B1. Paths captured by different indirect effects 

Blue lines indicate pathways that are captured by the different indirect effect, black lines 

indicate pathways that are not captured. Dashed lines represent potential empirical effects that 

are, however, not considered theoretically. 
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C. Evaluating common support for financial resources and mediators 

 

Figure C1. Estimated propensities of being exposed to extreme income or net worth levels by 

observed exposure. 

Propensities are estimated with logistic regressions of being exposed to extreme income or net 

worth levels on control variables and net worth or income. 
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Figure C2. Estimated propensities of being exposed to the lowest quintile of the mediators by 

observed exposure. 

Propensities are estimated with logistic regressions of being exposed to the lowest quintile of 

the mediators on parents’ income, net worth, control variables, and all mediators earlier in the 

causal chain. 
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Figure C3. Estimated propensities of being exposed to the highest quintile of the mediators by 

observed exposure. 

Propensities are estimated with logistic regressions of being exposed to the highest quintile of 

the mediators on parents’ income, net worth, control variables, and all mediators earlier in the 

causal chain. 
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D. Total differences without adjusting for control variables 

 Math (Age 4) Math (Age 6) Science PPVT 
     
2. Quintile 0.454 0.493 0.395 0.435 
 [0.204,0.704] [0.245,0.741] [0.160,0.631] [0.193,0.676] 
     
3. Quintile 0.424 0.524 0.515 0.664 
 [0.182,0.666] [0.280,0.767] [0.279,0.750] [0.425,0.904] 
     
4. Quintile 0.690 0.765 0.672 0.830 
 [0.453,0.928] [0.505,1.026] [0.432,0.913] [0.595,1.064] 
     
5. Quintile 0.800 0.896 0.700 0.877 
 [0.576,1.024] [0.657,1.134] [0.477,0.923] [0.647,1.107] 

Table D1. Difference in academic abilities by parental income without adjusting for control 
variables. Reference category: income-poor. 
 
 
 Math (Age 4) Math (Age 6) Science PPVT 
     
2. Quintile 0.194 0.149 0.139 0.064 
 [-0.040,0.428] [-0.114,0.412] [-0.099,0.376] [-0.167,0.295] 
     
3. Quintile 0.396 0.426 0.331 0.280 
 [0.145,0.647] [0.169,0.683] [0.092,0.571] [0.032,0.528] 
     
4. Quintile 0.459 0.499 0.415 0.398 
 [0.219,0.699] [0.241,0.757] [0.187,0.642] [0.158,0.637] 
     
5. Quintile 0.413 0.440 0.326 0.415 
 [0.175,0.652] [0.187,0.694] [0.090,0.561] [0.169,0.661] 

Table D2. Difference in academic abilities by parental net worth without adjusting for control 
variables. Reference category: negative net worth.
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E. Total differences without adjusting for income/net worth 

 Math (Age 4) Math (Age 6) Science PPVT 
     
2. Quintile 0.219 0.321 0.197 0.222 
 [-0.039,0.478] [0.075,0.568] [-0.044,0.438] [-0.011,0.454] 
     
3. Quintile 0.062 0.165 0.181 0.267 
 [-0.202,0.327] [-0.087,0.418] [-0.082,0.444] [0.018,0.516] 
     
4. Quintile 0.228 0.297 0.244 0.334 
 [-0.049,0.504] [0.017,0.577] [-0.020,0.508] [0.071,0.597] 
     
5. Quintile 0.232 0.312 0.172 0.291 
 [-0.044,0.509] [0.041,0.584] [-0.098,0.441] [0.025,0.557] 

Table E1. Difference in academic abilities by parental income when adjusting for control 
variables but not for net worth. Reference category: income-poor. 
 
 
 Math (Age 4) Math (Age 6) Science PPVT 
     
2. Quintile 0.155 0.103 0.116 0.039 
 [-0.063,0.373] [-0.135,0.341] [-0.115,0.347] [-0.175,0.254] 
     
3. Quintile 0.155 0.171 0.111 -0.004 
 [-0.086,0.395] [-0.068,0.409] [-0.124,0.346] [-0.234,0.226] 
     
4. Quintile 0.234 0.245 0.196 0.094 
 [-0.003,0.470] [0.000,0.489] [-0.034,0.426] [-0.132,0.320] 
     
5. Quintile 0.131 0.147 0.060 0.065 
 [-0.110,0.372] [-0.103,0.396] [-0.191,0.312] [-0.176,0.307] 

Table E2. Difference in academic abilities by parental net worth when adjusting for control 
variables but not for income. Reference category: negative net worth. 
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