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A B S T R A C T  
Do children with better reading competence read more, or do avid readers in-
crease their reading competence? This highly relevant question has been dis-
cussed for many years, yet conclusive results are rare. Previous studies suffer 
from small sample sizes or omitted variable bias, rendering their findings 
questionable. We provide new insight using large-scale German panel data 
(N > 5100). By surveying secondary school students (initial age = 11.1 years, 
SD= .50years) in grades 5, 7, and 9, we can trace their reading competence 
and exposure over time. We estimate random intercept cross-lagged panel 
models (RI-CLPMs) to analyze time-dependent within-student changes and 
dynamic feedback loops. We include relevant control variables to account for 
potential confounding and conduct robustness checks using a classical CLPM. 
Our findings show no evidence that reading more results in better reading 
competence. However, higher reading competence may lead to increased 
reading exposure. Testing for gender differences reveals that these conclu-
sions hold for both boys and girls and that no interactions with gender are 
detectable, despite girls tending to read more and having a higher reading 
competence on average. 

Introduction 
Reading is one of the most fundamental cultural techniques humans have 
developed in their history and a required skill for virtually everyone liv-
ing in modern societies. However, the variability in reading skill and 
competence is large, and some individuals read better than others. One of 
the central questions in reading psychology is whether these differences 
can be explained, to some extent, by the amount individuals read, which 
we refer to as reading exposure (Cunningham & Stanovich, 1990). It is 
well known that muscles that work harder grow more; does the same 
principle apply to reading competence? Or is the opposite true, meaning 
that highly-skilled readers read more because it is easier for them and 
they enjoy it more? Disentangling this dynamic feedback process between 
reading competence and exposure is a question we want to answer. To be 
able to give practically relevant advice, we focus on the approximation of 
causal effects. In addition, we would like to study gender differences in 
particular. It is well known that reading ability in students differs by gen-
der, and girls usually have higher reading competence than boys 
(Lietz,  2006). The question arises whether this advantage concerning 
competence influences the interplay between exposure and competence. 
For a convenient introduction to the topic, the first chapter is structured 
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as follows: First, the correlational relationship between 
reading exposure and competence is empirically estab-
lished and theoretically explained. Afterwards, the litera-
ture on the topic, with a special focus on causal models, is 
recapped. Lastly, the question of what makes a good causal 
analysis is discussed and the research goals of the paper 
summarized. 
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It is well-researched that avid readers are also better 
readers (Anderson et al., 1988; Cunningham & Stanovich, 
1997). A meta-analysis of almost 100 studies demonstrates 
the correlation between competence and exposure (Mol & 
Bus, 2011). As the included studies stem from various cul-
tural contexts and populations and are using different 
measurements and methods, we can be confident that the 
association or correlation between reading exposure and 
competence is firmly established. However, does this 
imply any causal relationship? While correlations can be 
helpful and are usually a first analysis step, the benefits for 
policy advice and instructional planning are limited as a 
simple correlation does often not imply causation. It would 
be highly relevant to determine whether there is a causal 
relationship between the two constructs as only this 
knowledge should be used to advise stakeholders. Conse-
quently, this is the first research question: is there a causal 
relationship between reading exposure and reading com-
petence and in which direction does it go? 

Regarding this are three potential explanations. First, 
the relation is bidirectional and competence and reading 
influence each positively other in a virtuous cycle, also 
known as the Matthew effect of reading (Stanovich, 2009). 
The second possibility is that exposure only affects compe-
tence positively. This assumption is supported by the Sim-
ple View of Reading model (SVR) (Hoover & Gough, 
1990). SVR assumes that reading competence depends on 
(a) decoding and (b) linguistic comprehension. A more 
frequent exposure to words helps children acquire ortho-
graphic knowledge, which facilitates the decoding process 
(Share, 1999). If this process becomes faster and easier, 
more cognitive resources are available for comprehension 
(Mol & Bus, 2011). This model leads to the prediction that 
a more frequent exposure leads to higher reading compe-
tences. The third option is that better readers are also more 
avid readers, because reading is easy for them and they 
enjoy it more as it requires little cognitive resources. Since 
the process of reading (decoding and comprehension) 
happens quickly and automatically, they can focus on the 
content they are reading, which makes reading a fun activ-
ity that is taken up often. The SVR is also applicable in that 
case as it explains how cognitive burden is reduced for the 
better readers due to their previous experience and com-
petence (Juel, 1988). Consequently, we argue that the SVR 
is a good theoretical starting point to understand how 
reading exposure and competence are related to each 
other. Based on these first theoretical outlook, what is the 
current state of research? 

A literature review reveals that the overall amount of 
empirical evidence regarding the co-development of read-
ing competence and exposure could be more extensive 
and convincing. One study with longitudinal data 
(N< 400) with primary school students reports that read-
ing exposure develops mostly independently of compe-
tence (Aarnoutse & Van Leeuwe,  1998). A study with 
students in first and second primary school grades 
(N< 200) does find evidence for crossed effects, that is, sta-
tistically significant co-development of key constructs 
(Leppänen et al., 2005). A third study, including 436 twin 
pairs, reports statistically significant effects from achieve-
ment on exposure. However, the other crossed path 
showed no such effect (Harlaar et  al.,  2011). Two more 
studies report similar effects from competence to exposure 
(Becker et al., 2010; Cunningham & Stanovich, 1997). One 
study with German data (N< 800) reports that there is no 
influence of reading amount in grade 4 on reading literacy 
in grade 6 when reading motivation and earlier reading lit-
eracy are controlled for (Becker et  al.,  2010). A further 
study with about 2500 students investigates the co-
development from school grades one to nine and reports 
that from grade four onward, both crossed paths are statis-
tically significant (Torppa et al., 2020). Two other studies 
take a different approach and use twin-data to model cau-
sality cross-sectionally and conclude with large samples 
that reading skill has a causal effect on exposure but there 
is no effect of the reversed pathway (Erbeli et al., 2020; Van 
Bergen et al., 2018). Another study with Finnish longitudi-
nal data (N= 200) computes multiple models (RI-CLPMs 
and CLPMs) and finds evidence for a reciprocal relation-
ship between exposure and reading fluency (Van Bergen 
et al., 2021). A meta-study concludes that reading expo-
sure does influence reading achievement (Allington & 
McGill-Franzen, 2021). In contrast to this finding, another 
recent meta-study investigates digital reading habits and 
concludes that “…leisure digital reading habits do not pay 
off as much as traditional print reading” (Altamura 
et al., 2023, p. 25). To summarize, the evidence is mixed. 
The pathway from reading competence to reading expo-
sure appears more consistently than the reversed pathway. 
Regarding this other pathway, from exposure to compe-
tence, the kind of reading material also makes a difference. 
It is doubtful whether a higher reading exposure always 
results in better competence. 

To add to the initial causal question, we would like to 
discuss how gender can also significantly influence the 
interplay of reading competence and exposure, which has 
rarely been done in previous research. This disregard is 
surprising given that it is a well-established fact that girls 
outperform boys consistently in terms of reading achieve-
ment. A large analysis of more than one million students 
reports that girls exceed boys in all OECD countries 
regarding reading performance (Van Hek et al., 2019). A 
meta-study including more than 40 studies concludes that 
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girls are also consistently more avid readers, as they read 
more and more diverse genres, even if, on average, they 
prefer fictional texts compared to boys, who prefer non-
fiction texts (Jabbar & Warraich, 2023). These differences 
indicate that teaching might also be different for the gen-
ders as boys prefer other genres than girls. This means, 
access to enough reading material is not enough, as 
gender-specific reading material is beneficial (Millard, 
1998, pp. 49–51). This difference in reading preference 
also has consequences for adults, as women understand 
fictional texts better while men have an advantage with 
non-fiction texts (Thums et al., 2021). Given these stable 
differences in gender preferences, exposure, and compe-
tence, it seems highly relevant to test whether the dynamic 
co-development of reading exposure and competence dif-
fers by gender. Potentially, one could suspect that girls as 
more avid readers reach a higher proficiency earlier and 
reading even more in the higher school grades adds little 
to their competence development as they have already rec-
ognized and decoded the majority of the relevant words, 
according to the Simple View of Reading. If girls have 
already out-maxed their decoding skills at an earlier age, 
more reading exposure might not benefit them anymore. 
This could be a contrast to boys, who need more time to 
make the same progress since they read less, which means 
that they have a disadvantage in respect to the cumulative 
reading amount in their development. However, it is still 
possible that the general process is identical for boys and 
girls, even if girls perform on a higher level concerning 
competence and exposure. If gender differences are found, 
this could suggest different teaching strategies, as they 
have already been found regarding attention differences 
between boys and girls (Logan & Johnston,  2010, 
p. 179). This is the second research question: is the rela-
tionship between reading exposure and reading compe-
tence similar for boys and girls or not? 

Lastly, we believe it is relevant to discuss the aspects of 
causality, why most studies do not investigate them, and 
what is required for a causal framework. Many of the pre-
viously cited studies only report associations, as the 
requirements on the data are lower. Causal frameworks, 
in contrast, usually either require experiments (which are 
expensive and often difficult to justify ethically when it 
comes to education), longitudinal data (which can take 
many years to collect) or genetic information (which are 
also expensive or require rather special populations, such 
as twins). To be precise, what exactly is required to give a 
definite answer when one is explicitly interested in a 
causal analysis (Hernán, 2018; Morgan & Winship, 2015)? 
We define four requirements that are paramount to 
answering questions about causality in the case of reading 
(where alternatives, such as experiments, are limited). 
First, longitudinal data are highly beneficial (Brüderl & 
Ludwig, 2015; Rohrer & Murayama, 2023). Suppose there 
is only a single measurement (resulting in cross-sectional 

data). In that case, only correlations or associations can be 
deduced, but the direction of causality can only be theo-
retically assumed but never proven. The separation of 
cause and effect is usually not feasible when two variables 
of interest strongly depend on each other and co-develop 
dynamically over time. Exceptions are studies using 
genetic or twin-data, where cross-sectional data can be 
sufficient to approximate causal effects, yet these types of 
data come with other challenges, such as limited general-
ization (McGue et al., 2010; Morley, 2005). Second, rele-
vant confounders need to be accounted for (Morgan & 
Winship,  2015; Rohrer & Murayama,  2023). Even with 
longitudinal data, if both the cause and the effect depend 
on a third, exogenous variable, the apparent causal rela-
tionship can vanish as soon as the confounder is consid-
ered. Panel data with multiple measurement points do 
not automatically correct for this pitfall, and theoretically 
guided controls are often required, even in state-of-the-
art statistical models (Lüdtke & Robitzsch, 2021). Third, 
the statistical approach needs to be adequate. In the past, 
the classical cross-lagged panel (CLPM) model has been a 
popular choice. However, newer studies outline that this 
model is sometimes inadequate to approximate causal 
effects, and derived models, such as the random intercept 
cross-lagged panel model, are better suited, depending on 
the concrete research question (Lucas, 2023). Fourth and 
final, the sample size needs to be large enough. Many 
studies suffer from small N, which results in low power 
and unstable findings (Marszalek et  al.,  2011). Small 
effects are especially difficult to detect and small case 
numbers can result in incorrect conclusions. Small sam-
ples also make it difficult to have a high external validity 
as sample characteristics can deviate from the overall 
population due to random sampling error, even when 
probability sampling is carried out correctly (Tipton 
et al., 2017). In these cases, it remains doubtful whether 
the results of the sample also apply to the general popula-
tion of interest, which can be a severe limitation. 

To summarize our research goals, the present study 
will provide new and high-quality evidence. We can pres-
ent robust and high-powered models using a large-scale 
panel dataset of German secondary school students. As 
the data stem from schools all over Germany, they are also 
much more representative of the general student popula-
tion than many previous studies, which often had to rely 
on a few sampled schools, which affects external validity. 
Our models include many potential confounders and use 
state-of-the-art statistical modeling. By doing so, we can 
approximate causal effects and shed new light on general 
reading processes and potential gender differences. For the 
first time, we can test whether the dynamic interplay 
between reading exposure and reading competence is sim-
ilar for boys and girls or not. By doing so we can go beyond 
what previous studies have reported to far, especially in 
regards of the stability of temporal modeling with a focus 
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on causality. The potentially most relevant study in the 
context of temporal co-development of reading exposure 
and competence is limited through its rather small sample 
size and the omission of relevant control variables (Van 
Bergen et al., 2021). Our analyses will fill that research gap. 
We believe that answering these questions contributes to 
the current research literature and provides valuable and 
practical insights for parents, teachers, policy-makers, and 
other stakeholders. 

Method 
Data and Participants 
We utilized German National Educational Panel Study 
(NEPS) data to answer posed research questions1. The 
NEPS is the most ambitious research project to study the 
relevance of education throughout the life course. To be 
concrete, starting cohort (SC) 3 was utilized, which ini-
tially sampled students at the very beginning of secondary 
education (right after the transition from primary school-
ing when students are approximately 10 to 11years old) 
(NEPS Network, 2024). A representative sample of sec-
ondary schools was drawn, and two classrooms in grade 5 
were randomly selected within each school. All students in 
these classrooms were invited to participate in the NEPS. 
Comprehensive achievement tests for reading competence 
were conducted in grades 5, 7, and 9 (corresponding to 
survey waves 1, 3, and 5). The NEPS provides suitable data 
since not only student characteristics (such as age, gender, 
reading exposure, and reading competence) are included 
but also a wide range of relevant background information 
on the social origin and family of the student by also invit-
ing the parents to participate in the surveys. This enabled 
us to minimize the potentially biasing influence of con-
founders. The initial sampling frame in grade 5 consisted 
of 5778 students who participated in the first survey. We 
restricted our sample slightly to meet our needs. We 
excluded a large refreshment sample drawn in grade 7 
since, for these students, no reading competence is avail-
able for grade 5. Our analyses only included students who 
were part of NEPS SC3 since the start of grade 5. We also 
excluded students who did not participate in the first read-
ing competence tests in grade 5, which reduced the sample 
size to 5193. This step also excluded all students who 
attended a special needs school (Förderschule) in grade 5 
since no competence tests were administered for this spe-
cial group. Information for students who dropped out later 
or have other kinds of missing data (item-nonresponse) is 
imputed, described in more detail below. The total num-
ber of schools in the analytical sample is 234. Student data 
were collected from September 2010 to January 2011 
(wave 1), October 2012 to June 2013 (wave 3), and from 
October 2014 to January 2015 (wave 5). 

Measures 
Reading Competence 
Reading competence was measured with paper-based 
achievement tests developed by the NEPS. They were 
designed to be comparable to established instruments and 
surveys, such as PISA, and have a similar testing frame-
work and rationale. They are not curricular (focused on 
school subjects) but rather see competence as an ability to 
function successfully in society (Weinert et al., 2019). The 
designers of the testing framework outline: “Research 
focuses on the abilities to read a text and understand it 
appropriately –both as a whole and in its single statements. 
The emphasis is on understanding what is in the text and 
not primarily on memory performance for text material 
that has been read but is no longer available.” (Gehrer 
et al., 2013, p. 60). This kind of test-design was well-suited 
for our research goals as reading exposure (discussed in 
detail below) focuses on typical and daily reading activities 
of students, which might have an impact on how well stu-
dents read and understand texts in daily and typical situa-
tions (and not only in special test-situations). Each reading 
test has been carefully developed: “…the instruments 
developed in NEPS have to go through several phases of 
cognitive interviews […], smaller and larger preliminary 
studies, and large pilots (feasibility studies). Basically, the 
pool of texts and accompanying items developed for each 
starting cohort is four times as large as the final selection. 
[…] The complete pool of test material is piloted on the 
target population.” (Gehrer et al., 2013, p. 65). 

A comparable scaling procedure was chosen (Pohl & 
Carstensen, 2013) to generate unidimensional proficiency 
scores. The tests were linked to a common scale to enable 
mean-level comparisons between grades and account for 
increasing competence over time (Fischer et al., 2019). The 
score was measured using 32 items in grade 5, 40 items in 
grade 7, and 46 items in grade 92. The items utilized differ-
ent response formats, such as multiple-choice or matching 
tasks. A branched design has been implemented so that dif-
ferent booklets are assigned to students of different abilities 
following the first survey wave (Pohl, 2013). All tests fol-
lowed a common construction framework (Gehrer 
et  al.,  2013) and used five text types (i.e., information, 
instruction, advertising, commenting, and literary texts). 
The items were chosen to measure three different cognitive 
requirements (finding information in the text, making text-
related conclusions, reflecting, and assessing). Memory 
effects were prevented since items were wave-specific and 
never repeated. An anchor-group design was employed to 
enable linking across measurement occasions that relied on 
independent link samples (Fischer et  al.,  2016). Multiple 
linking methods have been tested empirically to select the 
method with the highest statistical quality. This demon-
strated that unidimensionality and correct differential item 
functioning were retained (Fischer et  al.,  2019). The 
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reliabilities of the reading competence scores are fine (.77 in 
grade 5; .83 in grade 7; .81 in grade 9) (Gnambs & 
Lockl, 2023). The reading competence scores were z-
standardized by grade 5; the mean was fixed to zero in this 
survey wave, and the standard deviation was one. 

Reading Exposure 
Regarding the type of reading material most relevant, 
many previous studies focused on reading for pleasure 
rather than reading for school since these associations are 
usually stronger and become even stronger as students age 
(Erbeli et al., 2020; Van Bergen et al., 2018). The associa-
tion between reading competence and exposure is stron-
ger when printed material such as books is investigated 
and not digital or online reading (Torppa et al., 2020). We 
followed these research strands and focused mostly on 
printed reading for-pleasure material outside school to 
measure reading exposure, for which we use the grades’ 5, 
7, and 9 student questionnaires. The following 12 items 
were available in each: 

• a/b: “How much time do you usually spend reading 
outside of school? Please consider all possible 
opportunities you have for reading, in other words 
not only books or magazines, but also e-mails or the 
internet. On a normal school day / On a normal 
non-school day.” The response scale was a Likert-
type with values ranging from 1 “not at all” to 5 
“more than 2 hours”. 

• c/g: “How often do you normally read in your spare 
time: … detective novels, thrillers, horror or fantasy 
books, such as Harry Potter or Lord of the Rings? / 
… classics of children’s youth literature by authors, 
such as Erich Kästner or Otfried Preußler? / … 
nonfiction books? / … comic books? / … other?” 

• h/l: “Do you read the following newspaper or maga-
zines? Local newspaper(s) / Tabloids, such as BILD, 
BZ / Children’s and youth pages in other suprare-
gional papers, such as Süddeutsche Zeitung (SZ) or 
Frankfurter Allgemeine (FAZ) / Magazines, such as 
Dein SPIEGEL, FOCUS Schule or GEOlino / Other 
magazines for younger readers such as Tierfreund, 
hey!, Bravo Sport or Popcorn”. 

Note that these items were an adaption from the 2000 
PISA study (Kunter et al., 2002) and the 2006 KOALA-S 
study (Ditton, 2007). The response scale for items c to l 
was also Likert-type with values ranging from 1 “never or 
seldom” to 5 “daily”. These items covered a wide range of 
what German students that age typically read, including 
overall reading time (items a and b) and a large variety of 
different genres and formats (items c to l) from lowbrow 
and highbrow origin. We computed the arithmetic mean 
over all items to arrive at a single measurement (range 
from 1 to 5). The reliability of the generated exposure 

variable was fine: .74 (grade 5), .76 (grade 7) and .72 (grade 
9). The distribution of this variable is visualized below in 
Figure 1. We would like to underscore that this measure-
ment captures factual outside of school reading amount 
(and not motivation or intention). For more information 
on the development of the instrument (cultural capital 
measurement in the NEPS) refer to Goßmann (2018). The 
instrument has also been tested as an overall evaluation of 
students reading volume and approved (Locher & 
Pfost, 2019). 

Control Variables 
To approximate causal effects, we utilized a wide range of 
relevant control variables to account for potential con-
founding. According to Pearl  (2009), it is relevant to 
include all variables that simultaneously influence both 
outcome variables (reading exposure and competence). 
Social origin is the most influential factor that can be a 
confounder: Socially benefited families can invest more in 
their children through better care, nutrition, teaching, and 
more, resulting in better reading competence and overall 
higher cognitive abilities. These families have more finan-
cial means for books and other reading materials and can 
provide better environments that facilitate reading, such as 
a room for the child to read and study in peace. Further-
more, it has been demonstrated that academic achieve-
ment and parental aspirations, which are strongly related 
to social origin, co-develop dynamically (Bittmann, 2022). 
Hence, the social origin of a family greatly influences expo-
sure and competence, which we accounted for by including 
three central dimensions of social origin: the highest 
parental education of the family with three levels (low or 
intermediate education / higher education eligibility (Abi-
tur) / any tertiary education). The family’s financial means 
were measured by the total (post-tax) household income, 
which was logarithmized to ease statistical inference. 
Lastly, the parents’ social status was measured by the high-
est reported ISEI (International Socio-Economic Index of 
Occupational Status), which depends on the parents’ occu-
pation in the labor market (Ganzeboom, 2010). The ISEI 
ranged from 11 (cleaner) to 88 (judge), and higher values 
indicated a higher social status. By including these mea-
sures, which capture various dimensions of social origin, 
we are confident that social origin is well-measured. 

We added further control variables, such as gender 
and age of the student, which is computed for January 1, 
2011 (grade 5). Older students usually have a higher read-
ing ability as they are more mature. The number of siblings 
is relevant as in families with more children, parents need 
to divide their attention and resources, which affects how 
much is invested in a specific child of the family. The type 
of school track attended in grade 5 (academic track (Gym-
nasium) vs. any other school track) is highly relevant, since 
track choice is related to both primary (differences in 



 19362722, 2025, 1, D
ow

nloaded from
 https://ila.onlinelibrary.w

iley.com
/doi/10.1002/rrq.566 by U

niversitatsbibliothek B
am

berg, W
iley O

nline Library on [14/03/2025]. See the Term
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline Library for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons License

  

 
 

 
 
 

  
 
 
 
 
 
 

 
  

 

 
 
 
 
 
 
 
 
 
 

 
 

  
 

  

    

FIGURE 1 
Distribution of Key Constructs (Competence and Exposure) by Gender and School Grade 

Note. NEPS SC3, imputed data (N=5193; M=30) 

academic performance) but also secondary effects (differ-
ences in social origin). Hence, average differences of per-
formance are large between the academic and 
non-academic tracks and learning environments can dif-
fer drastically (Traini et al., 2021). We also controlled for 
whether a student has been diagnosed with dyslexia as this 
affects both reading ability but also the interest in reading; 
whether the student lived in a single-parent family or not 
as this is also related to family resources and whether one 
or two parents take care of a child; whether the student 
lived in West or East Germany due to different structural 
and institutional differences that remain even decades 
after the German reunification; the migration background 
of the family (yes if at least one parent was born abroad, no 
otherwise). In addition, parental aspirations were mea-
sured in the student questionnaire (“Which highest 
school-leaving qualification would your parents wish for 
you?”), which is either high (Abitur) or low (any other 

qualification). Recent research has outlined that measur-
ing perceived aspirations is highly relevant as they can 
work differently from factual parental aspirations 
(Schörner & Bittmann, 2023). Lastly, we included the 
number of books in the household (“Around how many 
books do you have at home? Do not count magazines, 
newspapers or your textbooks.”). The response scale 
ranged from 1 (0 to 10 books) to 6 (more than 500 books). 
This variable indicated how interested the family is, on 
average, in reading and whether the child as potential 
access to many books and reading material or rather not. 
Summarized, we argue that including these control vari-
ables makes our results more robust and minimizes the 
biasing influence of confounders to approximate causal 
effects as much as possible. If a control variable was poten-
tially time-varying, such as the income of the family, we 
utilized the mode or the median over all available waves, 
depending on the scaling. 

6 of 16  | Reading Research Quarterly 
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Statistical Analyses 
To answer posed research questions, we started with a 
descriptive summary of all key- and control variables to 
understand the data. We then analyzed with t-tests 
whether boys and girls have different reading competence 
and exposure. Finally, we wanted to test whether reading 
competence and exposure influenced each other dynami-
cally over time and whether feedback loops were present. 
Classically, cross-lagged panel models (CLPM) were the 
first choice to model such hypothesized relationships as 
they account for autoregressive effects and allow crossed 
influences when panel data are available. However, in 
recent years, new research has shown that these models 
can have drawbacks and are sometimes unable to recover 
causal effects (Hamaker et al., 2015; Usami, 2021). Based 
on these arguments and our specific research questions, 
the random intercept cross-lagged panel model (RI-
CLPM) is more adequate. The RI-CLPM takes out 
student-constant trait-like properties of the key variables 
and only models deviations from a student-constant mean 
value (of either competence or exposure). This model tests 
specifically: Do students with higher deviations from their 
long-time average reading exposure at time point t0 have 
higher deviations from their long-term average reading 
competence level at time point t1? In other words, do stu-
dents increase their reading competence by reading more 
in the previous survey wave? Note how this RI-CLPM 
facilitates a causal interpretation of within-person changes, 
further strengthened by including relevant control vari-
ables as outlined above (Mulder & Hamaker, 2021). While 
by design, the RI-CLPM accounts for time-constant con-
founders, it assumes that the effect a potential confounder 
has on the outcome variables is stable over time and does 
not change with the survey waves (Mund et  al.,  2021). 
However, if this assumption is violated, bias can be intro-
duced. This is the main reason for including the control 
variables as described above, even if they are time-constant 
by nature. In general, we also would like to acknowledge 
that the RI-CLPM is not a panacea, and there is valid criti-
cism of the model as well (Lüdtke & Robitzsch,  2021). 
They even outline that the RI-CLPM is not always able to 
account for time-constant confounding variables, which is 
one of the reasons why we opted for the inclusion of rele-
vant control variables. To account for these potential issues 
with the RI-CLPM, we also reported the classical CLPM 
with a lag-2 structure, as suggested by other researchers 
(Gnambs & Lockl,  2023). These models answer slightly 
different questions, including both within-person and 
between-person effects. While the RI-CLPM takes out the 
between-person variance and only answers how devia-
tions from a person-centered mean develop over time, the 
CLPM estimates total effects. Consequently, the path coef-
ficients in a CLPM are usually larger than the same coeffi-
cients in a RI-CLPM. CLPMs describe stability and change 

in individual differences, and statistically significant 
effects represent systematic effects on change over time 
(Selig & Little, 2012). 

Data were prepared and analyzed using Stata 16.1 (Bit-
tmann, 2019); the only exceptions were the (RI-)CLPMs, 
which were estimated with lavaan 0.6.17 in R (Ros-
seel, 2012). All reported RI-CLPMs were estimated using a 
maximum likelihood estimator. The goodness of fit of the 
models was checked using five indicators: chi-square test, 
comparative fit index (CFI), Tucker–Lewis index (TLI), 
root mean square error of approximation (RMSEA), and 
standardized root mean square residual (SRMR). Good 
model fit is demonstrated by a small, preferably statistically 
nonsignificant chi-square3, CFI and TLI greater than .95, 
RMSEA less than .06, and SRMR less than .08 (Hu & 
Bentler, 1999). Missing data was accounted for using full 
information maximum likelihood (FIML) for the (RI-) 
CLPMs or multiple imputation with chained equations 
(MICE; all other analyses; 30 imputed datasets generated). 

Results 
Descriptive Statistics 
In Table 1, we provide descriptive statistics for all variables. 
The average age in the sample was 11.1 years at the start of 
the study, and the gender composition was highly bal-
anced. Table 2 shows a correlation matrix for the key vari-
ables (reading competence and exposure) over all three 
points in time. Interestingly, reading exposure and compe-
tence were not correlated in grade 5, which is at the very 
start of secondary education. However, this association 
became much stronger in the subsequent waves. Next, we 
show graphically how the key variables are distributed by 
gender (Figure 1). 

Reading competence fits a normal distribution very 
well. Average competence increases over time as the 
curves from grade 7 and grade 9 are shifted to the right. 
This makes sense as the tests are constructed in such a 
way as to account for increasing reading competence 
over time. Regarding reading exposure, the graphs are 
slightly skewed. Interestingly, reading exposure slightly 
decreases over time, which holds for both genders. This 
means that the students in the sample tend to read less 
often as they age. 

Testing for Gender Differences 
Before discussing the main models of the study, we would 
like to demonstrate how reading competence and expo-
sure differ by gender. This has two purposes. First, this 
tests whether the internationally well-established gender 
differences in reading ability can be reproduced with the 
NEPS data. Second, if gender differences are revealed, 
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TABLE 1 
Descriptive Statistics 

Mean/Share SD Median Min Max Share missing 

Competence grade 5 .00 1.00 .00 −3.70 3.14 0 

Competence grade 7 .55 1.08 .55 −2.68 4.58 .26 

Competence grade 9 1.01 .88 .99 −1.65 4.95 .45 

Exposure grade 5 2.43 .74 2.33 1 5 .03 

Exposure grade 7 2.14 .68 2.08 1 5 .19 

Exposure grade 9 1.97 .59 1.92 1 5 .29 

Female student .48 0 1 0 

Living in East Germany .15 0 1 0 

Single parent .24 0 1 .26 

Total household income (log) 8.07 .48 8.09 5.98 10.0 .35 

Age of student in January 2011 11.1 .50 11.0 10.0 13.8 <.01 

Migration background .21 0 1 .26 

Parental education level .26 

Low/intermediate .48 0 1 

Higher education eligibility .22 0 1 

Tertiary .30 0 1 

Number of siblings 1.11 .95 1 0 10 .04 

Dyslexia diagnosis .073 0 1 .26 

Number of books in HH 4.21 1.44 4 1 6 <.01 

Highest parental ISEI 53.8 20.4 54.5 11.7 89.0 .27 

Academic track (grade 5) .44 0 1 <.01 

High perceived parental aspirations .68 0 1 .08 

Note. NEPS SC3, imputed data (N=5193; M=30). HH=household. 

TABLE 2 
Correlation Matrix for Reading Competence and Reading Exposure 

Competence 5 Competence 7 Competence 9 Exposure 5 Exposure 7 Exposure 9 

Competence 5 – 

Competence 7 .62*** – 

Competence 9 .60*** .64*** – 

Exposure 5 .00 .01 .03* – 

Exposure 7 .16*** .18*** .16*** .36*** – 

Exposure 9 .17*** .22*** .21*** .30*** .47*** – 

Note. NEPS SC3, imputed data (N=5193; M=30). 
* p<.05, *** p< .001. 

this is good argument for not only including gender as a competence and exposure are different for the two gen-
control variable but also compute a stratified RI-CLPM to ders. Statistically, we conducted t-tests for the two key 
test whether the crossed effects between reading constructs at all three points in time. Note that these 
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analyses were descriptive and did not include any control 
variables. For convenience, the results were summarized 
graphically. For inference, 95% confidence intervals were 
included. Concerning gender differences in reading com-
petence (Figure 2, left side), we see that girls have a statis-
tically significant advantage over boys. This advantage 
tends to grow slightly in grade 7 yet goes back to the ini-
tial level in grade 9.Girls also have an advantage concern-
ing reading exposure, meaning they tend to read more 
than boys (Figure 2, right side). This difference even 
grows slightly over time. For all coefficients, the differ-
ence between the genders is statistically significant on the 
5% level since the confidence intervals never touch zero. 
Regarding effect sizes, the largest gender differences are 
about 25% of a standard deviation. To summarize, these 
findings align with previous studies that report the same 
advantages for girls for reading competence and exposure 
(Schleicher, 2019; Van Hek et al., 2019). 

RI-CLPM 
Next, we computed the main model of interest, the RI-
CLPM. This model can tell us whether reading compe-
tence and exposure develop dynamically over time and 
influence each other. We are confident that this model can 
recover causal effects by including a large set of relevant 
control variables (as theoretically outlined above). We first 
evaluated the model fit to see whether the specified model 
fits the data well. χ2(99)=7819, p<.0001; CFI=.999; 

TLI= .999; RMSEA =.030, 90% confidence interval 
[.011, .055]; SRMR =.002. The CFI and TLI are excellent 
and indicate a very good model fit. The RMSEA is also 
below .05, which indicates a fine model fit; the SRMR is 
also excellent. While a statistically nonsignificant chi-
squared value is preferred, it is well known that given a 
large sample size, such as in our case (N=5193), a small 
p-value is very likely and should not be used to judge the 
overall model fit (Schermelleh-Engel et al., 2003; Vanden-
berg,  2006). Summarized, these results indicate that the 
model fit is fine. 

We continue with the path coefficients. These can tell 
us whether crossed effects and feedback processes are 
present. For a convenient interpretation, we summarized 
the results for the RI-CLPM in Figure 3. We see that the 
autocorrelations are always statistically highly significant. 
As the competences measures were z-standardized, we can 
interpret the values as follows: if the competence of a stu-
dent increases by one standard deviation in grade 5, the 
competence in grade 7 increases by about .2 standard 
deviations. This makes sense as it outlines that initial com-
petence (exposure) predicts future competence (expo-
sure). We did not find any evidence regarding exposure’s 
positive influence on competence. The effect of exposure5 
on competence7 is even slightly negative and close to zero, 
which hints for a null-finding. The effect of exposure7 on 
competence9 is not statistically significant at all. Overall, 
the main conclusion is that in the RI-CLPM, exposure has 
no positive effect on competence. Regarding the other 

FIGURE 2 
Gender Difference of Competence and Exposure by School Grade 

Note. NEPS SC3, imputed data (N=5193; M=30). A positive number indicates an advantage for girls. 95% confidence intervals included. 
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FIGURE 3 
Random Intercept Cross-Lagged Panel Model for the Development of Reading Competence (Ct) and Exposure (Et) 

Note. NEPS SC3 (N=5193). Control variables: gender, age, place of residence, parental income, parental education, parental ISEI, single parent, 
migration background, number of siblings, dyslexia diagnosis, parental aspirations, school track, and number of books in the household. Standard 
errors clustered by school. Dashed lines represent covariances. Reported are standardized coefficients (β). The between-subject part (the top and 
bottom ovals) captures students’ general level. The within-subject part (ovals in the middle) shows the within-student associations. R2 values indicate 
only explained within-person variance. *p<.05, **p<.01, ***p< .001. 

crossed effects from competence on exposure, there is 
only evidence from competence7 on exposure9. This effect 
is statistically highly significant. The interpretation is as 
follows: if the standard deviation of a student increases by 
one standard deviation in grade seven, the reading expo-
sure increases by about .125 standard deviations in grade 
nine. Note that the association between the two random 
intercepts is weak (.069), which means that most of the 
trait associations are at the within-student level. When 
interpreting reported R2 values as a measurement of 
explained variance, keep in mind that the RI-CLPM only 
accounts for within-person changes and all between-
person differences are partialled out, not contributing to 
the computation of the explained variance. The values are 
further decreased by the usage of control variables since 
the effects that are due to these variables are also not 
accounted for by the R2 values in a RI-CLPM. This is dif-
ferent in the following CLPM, where all variables and 

between-person effects contribute to R2; the values are 
much larger in this model.As a robustness check, we com-
puted a standard CLPM with a lag-2 structure (meaning 
that variables at grade 5 were allowed to influence vari-
ables at grade 9 directly). Others have pointed out that 
such a model is an alternative to test causal influences, 
especially when relevant control variables are available. 
The model fit of this CLPM was excellent: χ2(99) = 7819, 
p<.0001; CFI =1.00; TLI =1.00; RMSEA =.000, 90% con-
fidence interval [.000, .018]; SRMR =.001. However, we 
want to emphasize that model fit is not a sensible way to 
decide whether the RI-CLPM or the CLPM provides “bet-
ter” results since the interpretation of the path coefficients 
differs due to the model parameterization. We show the 
main results graphically in Figure 4. Again, all autocorrela-
tions are statistically highly significant, which also holds 
for the lag-2 effects (crossed lag-2 effects are not included 
since they are usually not sensible to interpret). Regarding 

10 of 16  | Reading Research Quarterly 
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FIGURE 4 
Cross-Lagged Panel Model for the Development of Reading Competence and Exposure 

Note. NEPS SC3 (N=5193). Control variables: gender, age, place of residence, parental income, parental education, parental ISEI, single parent, 
migration background, number of siblings, dyslexia diagnosis, parental aspirations, school track, and number of books in the household. Standard 
errors clustered by school. Dashed lines represent covariances. Reported are standardized coefficients (β). R2 values indicate explained within- and 
between-person variance. *p<.05, **p<.01, ***p<.001. 

the crossed effects, we find no evidence that exposure 
influences competence. However, there are statistically 
significant effects for competence on exposure for both 
measurement points. This is in line with the findings of 
the RI-CLPM (the main difference is that the effect of 
competence5 on exposure7 is statistically significant in the 
CLPM only).To summarize the findings so far, we con-
clude that reading exposure has no positive influence on 
reading competence. While the RI-CLPM even shows a 
small negative effect of exposure5 on competence7 (which 
is potentially a null-finding since it is very close to zero), 
we do not believe that this coefficient is robust since it is 
not statistically significant at all in the CLPM. Regarding 
the effects of competence on exposure, we do find some 
evidence in both models. Therefore, reading competence 
has at least some causal influence on reading exposure for 
German secondary school students. 

Gender Differences 
Finally, we would like to test whether the same conclu-
sions hold for boys and girls or whether they have differ-
ent relationships between reading competence and 
exposure. To answer this question, we computed a multi-
group RI-CLPM and statistically test for differences in the 
path coefficients. First, we provide information on the 
general model fit: χ2(186) = 7794, p < .0001; CFI = .999; 
TLI = .999; RMSEA = .033, 90% confidence interval [.010, 
.059]; SRMR = .002. These results indicate a fine model fit. 
For simplicity, we provide the standardized path coeffi-
cients for boys and girls in Table 3 and their differences 

(the same control variables are applied as for the RI-
CLPM described above). 

As the results indicate, the results for boys and girls are 
highly similar. Not a single difference is statistically signifi-
cant on the 5% level. We can conclude from these findings 
that the general dynamic relationship between reading 
competence and exposure is not gender dependent, even if 
gender differences in competence and exposure were 

TABLE 3 
Standardized Path Coefficients for the Multigroup 
RI-CLPM 

Coef. Coef. SE of 
Pathway Boys Girls Difference difference 

C → C5 7 .183 .212 −.028 .056 

C → C7 9 .236 .171 .064 .061 

E → E5 7 .120 .159 −.038 .056 

E → E7 9 .178 .171 .007 .071 

C → E5 7 .019 .041 −.022 .055 

E → C5 7 −.052 −.077 .025 .042 

C → E7 9 .128 .133 −.005 .056 

E → C7 9 −.026 .094 −.120 .067 

N 2689 2504 

Note. NEPS SC3 (N=5193). No difference is statistically significant on the 
5% level. “Difference” can slightly deviate from the difference between 
Boys and Girls due to rounding. Ct represents reading competence at the 
given grade, Et represents reading exposure. 

https://only).To
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found. As the number of both male and female students in 
the sample is large, we argue that these results are probably 
rather stable. 

Discussion 
Our findings outline that there are probably no crossed 
effects between reading exposure and reading. While the 
correlation matrix demonstrates that reading competence 
and exposure are correlated, the advanced models report 
that this association is probably only partial causal. One 
link we can establish rather confidently is the positive 
effect of reading competence on exposure. The CLPM is 
clear on this aspect since for both points in time, from 
grade 5 to 7 and from grade 7 to 9, this model reports 
statistically significant effects, which even become larger 
over time. Note that this model includes both within- and 
between-student effects. When we focus on the RI-
CLPM, which is closer to a causal interpretation, we come 
to the same conclusions only for older students (from 
grades 7 to 9). At this point, it is obvious that students 
who increase their reading competence also increase their 
reading exposure in the following survey wave. For the 
earlier measurement, this effect is tentative and statisti-
cally insignificant. Overall, our findings align with previ-
ous studies, which conclude that better competence leads 
to higher exposure (Erbeli et al., 2020). While these find-
ing also makes sense from a theoretical point of view as 
students who can decode words more easily and quickly 
enjoy reading more and potentially have a higher motiva-
tion to read, we note that our effect sizes are much smaller 
than the results from a comparable study, which also uti-
lized the RI-CLPM (Van Bergen et al., 2021). We assume 
that these differences can be explained by the usage of a 
large set of relevant control variables in our study. And 
indeed, when we estimated our RI-CLPM without any 
controls, the effects became stronger (not reported). As 
most of our control variables are time-constant by nature, 
this should not happen if the effect of controls on the out-
come variables is identical for all survey waves. Appar-
ently, this is not the case and the inclusion of control 
variables is necessary to approximate causal effects. We 
would also like to underscore that the inclusion of con-
trols is unlikely to result in overcontrol bias since our con-
trols are antecedents of both reading achievement and 
exposure, and neither consequences nor mediators. For 
example, parents neither change their migration back-
ground nor their level of education if their child increases 
his or her reading ability. Therefore, we are confident that 
the introduction of relevant control variables, even in the 
RI-CLPM, can be necessary and beneficial. It might be 
possible that previous studies report over-estimated 
crossed effects due to the omission of control variables. 
Theoretically, there are many arguments available why 

better readers tend to read more. Referring to the SVR-
model, one can assume that better readers require less 
cognitive capacity to decode and comprehend texts, 
which makes the entire process for them more enjoyable, 
resulting in more time spent reading. Our analyses sup-
port the view that this is indeed a causal relationship, 
since the number of books at home was controlled for. 
This means that results are independent of whether chil-
dren grew up in an environment that offered little or 
many books. One conclusion of this finding is that open 
access to reading material for skilled readers probably 
increases the time a child will spend reading. 

When the focus is on the reciprocal pathway, from 
reading exposure to reading competence, we do not find 
any evidence. The statistical models agree and show no 
positive influence of reading exposure on competence. 
The RI-CLPM even reports a very small yet statistically 
significant negative effect for the earlier measurement 
point. However, since this effect vanishes for the second 
point in time and the CLPM does not support this conclu-
sion, it should not be overstated as it is trivially small. Our 
findings align with previous studies that only find effects 
in one direction and not from exposure to competence 
(Altamura et al., 2023; Harlaar et al., 2011). Our findings 
are valid for German secondary school students and cover 
the age range from 11 to 15years. This finding indicates 
that simply providing plenty of reading material to kids 
will not automatically result in better reading perfor-
mance. Access alone is potentially a requirement, yet not 
sufficient to boost reading performance, and other aspects, 
such as continuously providing support and guidance, 
potentially through parents and teachers, is necessary for 
advancing reading competence in children. Especially par-
ents should be aware of the fact that helping their children 
read and reading together are advised and more than 
access to books and reading material is required to facili-
tate a positive development of reading performance. 

Regarding gender differences in the process, we do not 
find any effects at all. Our results outline that the coeffi-
cients are usually highly similar for boys and girls, and no 
statistically significant difference is detectable. The only 
potential exception is the effect of reading exposure in 
grade 7 on reading competence in grade 9. Here, boys have 
a small negative effect, but girls have a large positive effect. 
This could hint at a potential effect of reading more on 
reading competence that is only present for girls but not 
boys. However, given that our sample size is already large, 
this gender difference is very small and hard to detect. 
Consequently, we suggest not to overstate it, especially 
since it is not visible at all earlier, where the effects of boys 
and girls are highly similar. The conclusion is, in general, 
that the dynamic interplay between reading competence 
and reading exposure is the same for boys and girls, even if 
girls are better and avid readers, as is not only visible in our 
data but in the literature in general. Teachers and parents 
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should be aware of this fact and not treat boys and girls dif-
ferently, even if girls are better readers, on average. 

Study Characteristics and 
Limitations 
While our study provides compelling evidence, it is also 
necessary to acknowledge its limitations. First, while we 
can provide longitudinal data, the key constructs were 
measured with a one-year gap. What happens to reading 
competence and exposure in school grades 6 and 8 is not 
accessible to us. As reading is a process that develops con-
tinuously over time, it would be desirable to have more 
measurement points to gain more insight. However, this 
gap should not necessarily introduce bias even if diminish-
ing insight. Second, reading exposure was measured using 
a questionnaire, which can introduce measurement error 
since actual reading behavior was not directly observed. 
However, this is the only measurement option feasible for 
a pen-and-paper survey, and this limitation must be 
accepted. While it can also introduce a social desirability 
bias, and students might want to overestimate their read-
ing exposure, since the data were longitudinal, this should 
not heavily affect the outcomes since changes from the 
student-centered mean are relevant and not absolute lev-
els. Third, we modeled all constructs as manifest and not 
latent ones, which is also an option in structural equation 
modeling. However, since the scaling and linking proce-
dures of the reading competence tests were complex and 
carried out by the NEPS research department, which pro-
vided WLE (weighted likelihood estimates) scores to 
researchers, we decided to model all constructs as manifest 
ones. This handling is similar to many previous studies 
and should not introduce bias. 

Fourth, the number of usable cases declined over time 
due to panel attrition. This concerns especially the com-
petence tests, as the share of missingness increases from 
zero to about 45% over five school years. This is a com-
mon problem in longitudinal surveys and is difficult to 
combat. While this issue decreases power due to the lower 
information, it should not introduce selection or survivor-
ship bias. As missing data was imputed (using either FIML 
or MICE, which are asymptotically equivalent), selective 
dropout was accounted for if the data were missing at ran-
dom (MAR). Dropout could be explained largely by social 
origin, and students from the lower social strata have a 
higher propensity to drop out. This aspect was covered by 
including the various measurements of social origin in 
our models. In addition, competencies were rather stable 
over time, and earlier measurements were highly predic-
tive of later ones. As every student had a valid measure-
ment in the first survey wave, this information was greatly 
relevant for predicting potential missing values. Overall, 
panel attrition is not an overwhelmingly problematic 

issue, and our sample is still very large compared to many 
previous studies with only a few hundred cases. Fifth, 
while the NEPS data included students from all over Ger-
many, it is difficult to prove that the sample is representa-
tive of the overall German student population as no 
official statistics were surveyed, which could serve as a 
benchmark. Nevertheless, we hope that by providing 
descriptive statistics for many variables, readers are 
empowered to judge the external validity of our study. 
Sixth and final, the reading exposure measurement mostly 
focused on print media such as books and magazines and 
less on digital reading material, which is becoming more 
and more relevant for students and society. However, 
reading printed material is still a major competence, and 
books and other material reading products will not vanish 
anytime soon. Therefore, our findings still have major 
practical implications. 

Conclusion 
Our results indicate that increasing reading competence 
leads to increased reading exposure, at least for German 
secondary school students. This finding and its causal 
interpretation are especially indicated by the RI-CLPM, 
which shows that the students who positively deviate 
from their long-term reading competence also increase 
their reading exposure in the subsequent measurement 
wave. This finding holds for both boys and girls, despite 
the fact that girls are, on average, better and more avid 
readers. These findings support multiple conclusions. 
First, as there is no indication that more reading exposure 
leads to better reading skills, this hints for the necessity 
of continuous instruction in reading skill development. 
Even after students have learned the basics of reading in 
primary school, simply immersing students in print-rich 
environments or giving them more time to read does not 
automatically lead to better reading competence. While 
providing these environments and giving them enough 
time for reading is clearly not harmful, additional read-
ing instruction is probably required to hone reading 
skills. Especially parents and teachers should be aware of 
this and help their children with reading and support 
them whenever necessary in addition to providing read-
ing material alone. We assume that the effects this study 
recovers are smaller than previously reported ones due 
to a focus on the approximation of causal effects and the 
inclusion of control variables. Remember that many pre-
vious studies have also not found such causal effects, and 
the evidence is mixed. However, the current study only 
includes students aged 11 to 15, and the effects might 
differ for younger or older students. Still, our results pro-
vide compelling evidence based on large-scale German 
panel data. 

A second main conclusion of our study is that the 
dynamic feedback process between reading competence 
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and exposure is not stratified by gender, meaning that the 
same mechanisms and results apply to both boys and girls. 
These results hold, even though we can demonstrate that 
girls are, on average, more avid and better readers, which is 
also the obvious conclusion of many previous studies. 
Based on these findings, no special or different treatment 
of the genders is necessary to facilitate the process of gain-
ing reading competence. The only exception is that older 
girls potentially profit more from a higher reading expo-
sure than boys; however, this finding is rather unstable and 
should not be overstated. Summarized, our study has pro-
vided new evidence on the dynamic co-development of 
reading competence and exposure for secondary school 
students. Extending this research focus to older and 
younger students would be desirable, as our current results 
cannot be generalized to these other groups. 
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ENDNOTES 
1 This paper uses data from the National Educational Panel Study 

(NEPS; see Blossfeld and Roßbach (2019)). The NEPS is carried out by 
the Leibniz Institute for Educational Trajectories (LIfBi, Germany) in 
cooperation with a nationwide network. 

2 Note that an additional reading test has been conducted in survey wave 
12. However, extending the analyses to more than three waves is infea-
sible since reading exposure is no longer surveyed in these later waves. 

3 We would like to emphasize that the chi-square value can be rather 
meaningless when the sample size is large. In large-scale samples, a sta-
tistically significant result is almost always produced. Hence, the other 
statistics might be more relevant to judge the model fit. 
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