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Since 2020, the COVID-19 pandemic had an impact on education worldwide. There is 
increased discussion of possible negative effects on students’ learning outcomes and 
the need for targeted support. We examined fourth graders’ reading achievement based 
on a school panel study, representative on the student level, with N = 111 elementary 
schools in Germany (total: N = 4,290 students, age: 9–10 years). The students were tested 
with the Progress in International Reading Literacy Study instruments in 2016 and 2021. 
The analysis focused on (1) total average differences in reading achievement between 
2016 and 2021, (2) average differences controlling for student composition, and (3) 
changes in achievement gaps between student subgroups (i.e., immigration background, 
socio-cultural capital, and gender). The methodological approach met international 
standards for the analysis of large-scale assessments (i.e., multiple multi-level imputation, 
plausible values, and clustered mixed-effect regression). The results showed a substantial 
decline in mean reading achievement. The decline corresponds to one-third of a year of 
learning, even after controlling for changes in student composition. We found no statistically 
significant changes of achievement gaps between student subgroups, despite numerical 
tendencies toward a widening of achievement gaps between students with and without 
immigration background. It is likely that this sharp achievement decline was related to the 
COVID-19 pandemic. The findings are discussed in terms of further research needs, 
practical implications for educating current student cohorts, and educational policy 
decisions regarding actions in crises such as the COVID-19 pandemic.

Keywords: reading comprehension, reading achievement, COVID-19, elementary school, achievement gaps, 
large-scale assessment

INTRODUCTION

Since the beginning of 2020, the COVID-19 pandemic has led to a substantially new situation 
for education systems. To contain the spread of the virus that causes COVID-19, schools in 
many countries around the world have partially or completely closed, learning groups have 
been rearranged, and students or teachers had to be  absent from school for various amounts 
of time (cf., Woessmann et  al., 2020; Meinck et  al., 2022). Teachers had to carry out learning 
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activities without the usual face-to-face lessons, learners had 
to self-regulate at home, and parents had to support their 
children’s learning more than before. How these learning 
conditions affected students’ achievement is of considerable 
interest for educational policy, administration, and practice. 
This is especially true for reading literacy, a key competence 
that influences students’ achievement in other subjects and 
enables them to participate in society throughout their entire 
life course. Additionally, there is reason to assume that the 
COVID-19 pandemic had a differential effect on students. Even 
within a given education system, certain groups of students 
might have been affected more severely than others.

In Germany, the sudden shift from face-to-face instruction 
to more technologically mediated interaction and emergency 
remote education (ERE) was especially hard. ERE required 
German schools and teachers to catch up in terms of the 
digitalization process in education, which had been shown to 
lag behind other countries in the years prior to the pandemic 
(cf., Voogt and Roblin, 2012; Eickelmann et  al., 2019; Lorenz 
et al., 2021). Studies have repeatedly shown that teachers lacked 
pedagogical skills related to technology and that students had 
problems accessing and using technological devices during the 
COVID-19 pandemic (e.g., Huber and Helm, 2020; Reimers 
and Schleicher, 2020; Rožman et al., 2022). Therefore, Germany 
might have had particular problems in adapting to the pandemic 
schooling situation.

A variety of recent publications have shown that schools, 
instruction, and stakeholders—school administrators, teachers, 
students, and parents—were only partially prepared for a crisis 
with substantial restrictions on school life such as the COVID-19 
pandemic (e.g., Huber et  al., 2020). Accordingly, teachers as 
well as parents subjectively perceived a decline in student 
learning (Dong et  al., 2020a; Rožman et  al., 2022). In contrast, 
some studies based on student reports found (tendentially) 
positive learning experiences compared to usual instruction, 
but students pointed out that they felt more uncertain about 
estimating their learning status (e.g., Huber and Helm, 2020; 
Rožman et  al., 2022). However, there is a lack of country-
specific results related to effects of the COVID-19 pandemic 
on key achievement measures via standardized tests. Highly 
aggregated results show that school closures due to COVID-19 
had an effect of about d = −0.08 (Hammerstein et  al., 2021) 
and d = −0.17 (König and Frey, 2022) on average student 
achievement across subject areas, grades, and countries. Data 
for Germany regarding achievement in one domain that is 
generalizable to a well-defined student population is 
missing so far.

Elementary school, and fourth grade in particular, is a 
pivotal moment in students’ educational biographies. At this 
point, reading literacy should be  developed to the point where 
students can acquire further knowledge through reading in 
all subjects and continue their educational biography through 
independent learning. Additionally, in most federal states in 
Germany, after 4 years of compulsory elementary education 
(Grades 1–4  in age-homogenous classes of 21 students on 
average; Destatis, 2018), typically starting at age 6, students 
finish elementary school and go on to secondary schools of 

different tracks (Lohmar and Eckhardt, 2015). At the end of 
elementary school, studies before the COVID-19 pandemic 
repeatedly indicated that disadvantaged student groups exhibit 
lower reading literacy (e.g., Mullis et al., 2017). The COVID-19 
pandemic might pose further risks for successful education, 
especially for disadvantaged student subgroups.

Taken together, students’ achievement level in important 
areas (e.g., reading) is of special interest after a long period 
of restrictions related to the COVID-19 pandemic. Additionally, 
whether achievement differences between student subgroups 
are currently greater than before is an important research 
question. To provide reliable comparative information on key 
competences before and during the COVID-19 pandemic, the 
present study examined reading achievement among fourth 
graders in German elementary schools. In this study, samples 
representative for the student population of all fourth graders 
in Germany were examined in the same 111 elementary schools 
in 2016 and 2021. Both samples were tested with the reading 
achievement tests from the international school achievement 
comparison study Progress in International Reading Literacy 
Study (PIRLS). We accounted for changes in student composition 
and investigated achievement means and how achievement gaps 
have evolved.

READING ACHIEVEMENT

The acquisition of reading literacy is key for further learning 
in other school subjects and students’ subsequent educational 
and life paths (Savolainen et  al., 2008). Reading achievement 
is a core component of reading literacy, along reading motivation 
and behavior. In international achievement studies such as 
PIRLS, reading achievement represents students’ ability to extract 
relevant information from narrative and informational texts 
and to understand, use, and reflect on written texts in areas 
of life that are relevant to the individual and required by 
society (Mullis et  al., 2015). Reading achievement involves 
multiple levels of text comprehension: surface structure, text 
base, situation model, rhetorical structure, and pragmatic 
communication (Kintsch, 1988; Graesser and McNamara, 2011). 
Mastering text comprehension requires sufficient word 
recognition (e.g., decoding skills; Wang et  al., 2019), language 
comprehension (e.g., verbal reasoning), and bridging processes 
(e.g., vocabulary knowledge; see Kim, 2020), as well as active 
self-regulation, motivation, and engagement (Duke and 
Cartwright, 2021).

In the first years of schooling, students learn to read at 
the letter, word, and sentence level in the sense of automating 
reading and propositional comprehension processes. By the 
end of fourth grade, which is the end of elementary school 
in most German federal states, students are expected to 
comprehend increasingly longer and more complex texts (e.g., 
Fitzgerald et  al., 2015) and to build situation models for 
age-appropriate texts.

There are important differences concerning comprehension 
of narrative and informational texts when it comes to different 
subprocesses (e.g., Ozuru et  al., 2009). However, for pragmatic 

https://www.frontiersin.org/journals/psychology
www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Ludewig et al. Student Reading Achievement 2016–2021

Frontiers in Psychology | www.frontiersin.org 3 May 2022 | Volume 13 | Article 876485

reasons, many comparative studies report on global reading 
achievement (e.g., Mo, 2019) that reflects comprehension of 
narrative and informational texts as well as other genres.

READING AND THE IMPACT OF THE 
COVID-19 PANDEMIC

Various factors must be  considered in ascertaining whether 
and to what extent reading achievement has been affected 
by the restrictions related to the pandemic. Students learn 
to read via formal school-based instruction, including 
homework, and in their leisure time through informal 
reading activities. The transition from face-to-face instruction 
in school to ERE because of the COVID-19 restrictions 
led to less time for formal school-based instruction (Reimers 
and Schleicher, 2020). In addition, there was less instructional 
time available in ERE, so that overall students spent less 
time on learning than they would have in school (Woessmann 
et  al., 2020). In Germany, compared to before the time 
spent on learning activities dropped by 62% and 42% during 
the first and second lockdown phases (spring 2020 and 
autumn/winter 2020/2021), respectively (Woessmann et  al., 
2020; Werner and Woessmann, 2021). At the same time, 
students’ leisure time behavior partly changed during ERE 
(Grewenig et  al., 2020; Woessmann et  al., 2020): the time 
spent on reading activities, creative work, and exercise 
stayed on a comparable level during the school closures 
in Germany (spring 2020: +11%; autumn/winter 2020/2021: 
−14%). But the time spent on screen-based activities such 
as watching TV, gaming, social media, and online media 
increased by a notable  21% (spring 2020) to 34% (autumn/
winter 2020/2021). Children from non-college-educated 
households spent 1 h more on such screen-based activities 
than children from college-educated households (Woessmann 
et  al., 2020). The reduction in total time spent on formal 
and informal reading activities and the shift toward more 
screen-based activities may have affected students’ 
achievement in reading.

Besides these substantial reductions in learning time, 
reading development could be  negatively affected by the 
reduced effectiveness of instruction during the pandemic. 
Reading instruction could have been hampered by limited 
experience with technical equipment necessary for digital 
instruction and learning during ERE (e.g., Reimers and 
Schleicher, 2020; Rožman et  al., 2022). This problem had 
been recognized in Germany even before the COVID-19 
pandemic (e.g., Lorenz et  al., 2021). Compared to other 
subjects, there are less rigorous curricular frameworks and 
less readily available exercises, instruction, and materials 
for reading teachers when reading is done (in part) at a 
distance (Maldonado and De Witte, 2020). Additionally, 
fourth graders are confronted with informational texts that 
involve new challenges, for instance, an increasing amount 
of instructional pictures (e.g., graphs, maps, and diagrams). 
This new challenge of cognitively demanding integrated 
text-picture comprehension might be  difficult for teachers 

to support in distance learning situations (McElvany et  al., 
2012; Hochpöchler et  al., 2013).

Currently, there is no differentiated picture of student 
achievement, and particularly of elementary school children’s 
reading achievement, during or after the restrictions related 
to the COVID-19 pandemic compared to before the pandemic. 
Several publications have already dealt with the effects of the 
COVID-19 pandemic on students in terms of wellbeing, school 
achievement, and their interactions (e.g., Hammerstein et  al., 
2021; Rose et  al., 2021; Sánchez Amate et  al., 2021). Different 
approaches were pursued, including a focus on theoretical 
considerations (e.g., Schneider et  al., 2021), teacher surveys 
(e.g., Reimers and Schleicher, 2020; for Germany: McElvany 
et  al., 2021), and parent surveys (e.g., Reimers and Schleicher, 
2020; Steinmayr et  al., 2021).

In a first systematic review on student achievement across 
multiple countries and grades, Hammerstein et al. (2021) focused 
on the effects of school closures related to COVID-19 on the 
subjects of math and reading. They reported heterogeneous 
effect sizes (d = −0.37 to d = 0.25) across studies, with a small 
negative effect (median d = −0.08) on average. These results 
for the first lockdown phase were corroborated by two meta-
analyses. König and Frey (2022) reported an average impact 
of d = −0.12 of later school closures (after summer 2021) on 
average student achievement. Storey and Zhang (2021) found 
an effect of d = −0.15 across domains. Furthermore, Zierer 
(2021) found an average effect of d = −0.17 for elementary 
school students. Among studies examining reading achievement 
in elementary school children, two studies (Depping et  al., 
2021; Gore et  al., 2021) reported very small positive effect 
sizes (d = 0.00 to d = 0.04). In contrast, the four studies finding 
negative effects on reading achievement reported larger but 
still small effect sizes (Engzell et al., 2021: d = −0.09; Maldonado 
and De Witte, 2020: d = −0.29; Schult et  al., 2021: d = −0.07; 
Tomasik et  al., 2020: d = −0.37). However, it is not yet known 
how the situation during the COVID-19 pandemic affected 
reading achievement in elementary school in Germany as 
a whole.

READING ACHIEVEMENT GAPS

International large-scale assessments of student achievement 
have repeatedly shown that Germany has some of the most 
pronounced social disparities (Hußmann et  al., 2017; Reiss 
et  al., 2019). There are several theories offering explanations 
for gaps in achievement related to family background and 
student variables such as gender (e.g., primary and secondary 
effects: Boudon, 1974; Grätz and Wiborg, 2020; expectancy-
value approaches: Wigfield and Eccles, 2000; Guo et  al., 2015; 
cultural theory: Bourdieu, 1983; and motivation as mediator: 
Wang and Finch, 2018; Steinmayr et al., 2021). When examining 
the relationship between family background and reading 
achievement, studies often refer to socio-cultural capital and 
the immigration background. Additionally, reading achievement 
and reading motivation are known to be  systematically related 
to gender (Wigfield et  al., 2016).
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Family Background
Children with different family backgrounds experience different 
levels of support from home and their reading socialization 
varies accordingly. Following the home literacy model (Sénéchal 
and LeFevre, 2002), such support may involve different literacy 
experiences, for instance shared reading between parents and 
children, teaching the alphabet, or reading words. These literacy 
experiences explain children’s growth in reading and vocabulary 
knowledge (e.g., Becker et  al., 2010). Among other factors, 
these home literacy experiences could explain that the reading 
achievement of children and adolescents in Germany and many 
other countries is systematically associated with family 
background characteristics, such as socio-cultural capital or 
immigration background (Mullis et  al., 2017; for Germany: 
Wendt and Schwippert, 2017).

Socio-Cultural Capital of the Family
Socio-cultural capital describes the social assets of a person 
(e.g., intellect and education). More highly educated parents 
are often able to support their children better and promote 
their children’s reading socialization more comprehensively, due 
to their own educational experiences and by being educational 
role models (Dong et al., 2020b). Therefore, higher socio-cultural 
capital is positively associated to reading achievement.

The number of books at home has become a frequently 
used indicator to approximate socio-cultural capital in large-
scale assessments (e.g., Schwippert, 2019). There are large 
differences in reading achievement between children from 
families with different amounts of books at home in many 
countries (international: Mullis et  al., 2017). In Germany, 
children from families with more than 100 books at home 
have substantially higher reading achievement on average, than 
children from families with a maximum of 100 books at home 
(Hußmann et  al., 2017). There are different mechanisms that 
could explain these differences. (1) More books at home represent 
an opportunity for children to engage in reading. (2) Parents 
with more books are more likely to read by themselves, making 
them positive role models. (3) Furthermore, they are probably 
able to support their children to a higher degree. (4) The 
presence of books indicates parents’ appreciation for reading 
and intellectual stimulating activities and (5) is associated with 
a relatively stable, wealthy and spacious living situation. In 
sum, the amount of books at home represents a broad indicator 
for a family background with favorable conditions for becoming 
a good reader.

Immigration Background
On the one hand, families from immigrant backgrounds often 
place high value on and strongly promote their children’s 
education, as suggested by the immigration optimism hypothesis 
(Kao and Tienda, 1995). On the other hand, an immigrant 
background can also represent a challenge, as it is often 
confounded with a lower socioeconomic status, a lack of 
experience with the education system in the host country, and 
a different family language than the language of instruction, 
which is associated with children’s lower language skills on 

average (Kristen and Dollmann, 2012; Mullis et  al., 2017). 
Immigrant parents often do not speak the language of instruction 
as well as native speakers, so their children may not learn 
the language implicitly to the same extent as their classmates, 
which could also affect their reading skills. This is supported 
by the results of PIRLS 2016, where children who always or 
almost always spoke German at home scored substantially 
higher on average than children who never or almost never 
spoke German at home (Wendt and Schwippert, 2017; for an 
in-depth longitudinal analysis, see Kigel et  al., 2015).

Prior to 2021, Germany underwent a number of societal 
developments that have affected education. One such development 
is an increase in the number of immigrants coming to Germany. 
In 2020, about 24 percent of people living in Germany had 
an immigrant background. Among 5–10 year-old, 38.8 percent 
of children have a primary or secondary immigration background. 
This proportion increased by 2.7 percentage points compared 
to 2019 (Destatis, 2021).

Gender
Several theoretical approaches have attempted to explain gender 
differences in reading achievement (for an overview of gender 
differences in reading and language, see Eagly and Wood, 1999; 
Hyde, 2014). For example, socio-cultural theory explains 
differences based on societal stereotypes regarding reading and 
learning activities (Schunk and Zimmerman, 2006). According 
to social-cognitive learning theory, the gender gap in reading 
can be  explained by girls’ better self-regulatory abilities and 
their higher self-efficacy (cf., Hyde, 2014; McElvany et  al., 
2017). Additionally, reading achievement is substantially related 
to reading motivation (Toste et  al., 2020). On average, girls 
have higher reading motivation and read more often in their 
leisure time (Ainley et  al., 2002; Wigfield et  al., 2016; Lepper 
et  al., 2021), which promotes their reading achievement. Thus, 
a wealth of studies indicate that girls have a higher level of 
reading achievement than boys on average (Logan and Johnston, 
2010; Mullis et al., 2017). The PIRLS 2016 results for Germany 
showed that fourth grade girls scored systematically higher 
than boys; the achievement gap favoring girls in Germany 
was about the same as the average achievement gap in the 
EU and OECD countries overall (McElvany et  al., 2017).

READING ACHIEVEMENT GAPS AND 
THE IMPACT OF THE COVID-19 
PANDEMIC

To date, there is no clear evidence on how the restrictions 
related to COVID-19 influenced reading achievement gaps 
among elementary school students. It is possible that the 
COVID-19-related restrictions had differential effects for different 
subgroups of students and therefore exacerbated educational 
inequality. Generally, the aforementioned achievement differences 
related to students’ socio-cultural capital, immigrant backgrounds, 
and gender can be expected to hold for the COVID-19 pandemic 
period as well. In fact, they may be  even more pronounced 
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because school-based support was difficult during full or partial 
school closures and children’s learning was left in the hands 
of families to a greater extent than before the pandemic (e.g., 
Huber and Helm, 2020). For students with lower socio-cultural 
capital and/or from immigrant backgrounds, the need for greater 
parental involvement in the learning process might have led 
to widening achievement gaps. As described above, parents 
with more socio-cultural capital are more engaged and provide 
more support for their children’s learning (Dong et al., 2020b). 
Therefore, it seems plausible that children from these families 
might benefit from spending more time learning with their 
parents. With respect to immigrant families, if learners speak 
a language other than the language of instruction at home, 
they may receive inadequate support in the language of 
instruction, which is particularly important for reading 
achievement and might have therefore affected educational 
outcomes in this domain during or after the COVID-19 pandemic 
(see Maldonado and De Witte, 2020). ERE was associated 
with additional costs if families had to purchase technological 
devices for their children to participate in the digital lessons. 
This may have further disadvantaged students from low-income 
families (Eickelmann et  al., 2019; Wrase, 2020). Regarding 
gender, a widening achievement gap might be  expected, as 
female students tend to have higher reading motivation and 
more frequently read for pleasure than male students (e.g., 
McElvany et al., 2017; Mullis et al., 2017). A decline in extrinsic 
school-based reading motivation during the COVID-19 pandemic 
may have led to these gender differences playing a greater 
role in reading improvement, which could exacerbate gender 
achievement gaps in the current cohort of students. Empirical 
evidence has shown that students’ leisure time behavior changed 
during the COVID-19 pandemic (e.g., Woessmann et al., 2020; 
Werner and Woessmann, 2021), which could affect the trends 
in achievement gaps. Students with more highly educated 
parents spent less time on leisure activities detrimental to 
learning than their peers and more time on conducive activities 
(Grewenig et al., 2020; Woessmann et al., 2020). First evidence 
by Engzell et al. (2021) shows a 40% larger learning loss among 
students from poorly educated families compared to children 
from highly educated families in the Netherlands.

CURRENT STUDY AND RESEARCH AIM

The COVID-19 pandemic affected many areas of education, 
resulting in a need for empirical research how students’ learning 
was affected during this time. First studies indicate negative 
effects on students’ learning outcomes and learning behavior 
due to the COVID-19 restrictions. More differentiated results 
on reading achievement among German elementary school 
students are lacking so far.

The aim of this study is to provide more differentiated results 
on trends in elementary school students’ reading achievement 
by applying rigorous methodological standards and using data 
from a school panel study. Differences in reading achievement 
across different cross-sectional cohorts may be  explained by 
changes in student composition, even when the same schools 

participate. Thus, the present study also controlled for changes 
in the student composition within each school. Furthermore, 
the development of reading achievement gaps during the pandemic 
was investigated. The students examined in this study are 
representative for fourth graders in Germany. We  used the 
reading achievement tests from PIRLS 2016.

The research questions and hypotheses investigated are 
as follows:

 1. How does the average reading achievement of fourth grade 
elementary school students in Germany differ in 2021 
compared to before the COVID-19 pandemic in 2016?

H1: Due to theoretical considerations on the impact of 
COVID-19-related restrictions on schooling, we expect 
a decline in average reading achievement from 2016 
to 2021.

 2. How does the average reading achievement of fourth grade 
elementary school students in Germany differ in 2021 
compared to before the COVID-19 pandemic in 2016 after 
controlling for student composition?

H2: We expect a decline in average reading achievement 
from 2016 to 2021 even when adjusting for 
student composition.

 3. Considering achievement gaps between subgroups of students, 
(3a) to what extent do differences in reading achievement 
exist across student subgroups (socio-cultural capital, 
immigration background, and gender) in 2021 and (3b) 
how do these gaps differ in 2021 compared to 2016?

 I. There is a gap in average reading achievement to the 
disadvantage of students with lower socio-cultural capital 
(H3.1.1) and this gap is larger in 2021 than in 2016 (H3.1.2).

 II. There is a gap in average reading achievement to the 
disadvantage of students from immigrant backgrounds 
(H3.2.1) and this gap is larger in 2021 than in 2016 (H3.2.2).

 III. There is a gap in average reading achievement to the 
disadvantage of boys (H3.3.1) and this gap is larger in 
2021 than in 2016 (H3.3.2).

MATERIALS AND METHODS

Participants
The target population for the school panel analyses was the 
cohort of fourth graders attending a general education German 
elementary school (i.e., one that does not cater exclusively to 
special education students) that existed in both 2016 and 2021 
(i.e., excluding closed and newly founded schools). The analysis 
was based on the responses of N = 2,208 fourth grade students 
in 2016 and N = 2,082 fourth grade students in 2021 from a 
panel of N = 111 general education schools (with one class per 
school participating). All schools participated in PIRLS 2016 
and were examined again 5 years later for the school panel 
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study. Participation in the reading achievement test was 
mandatory in both years. Students required parental consent 
to fill out the student background questionnaire. Students with 
intellectual or physical disabilities (e.g., blindness or deafness) 
and recently immigrated children with less than 1 year of 
German instruction were free to participate but were excluded 
from the data set.

Data collection in 2021 was slightly affected by the COVID-19 
pandemic and took place four to 6 weeks later in the school 
year than in 2016 (May 2 to June 3, 2016, vs. June to July 
3, 2021). The absence rate on the test day was slightly higher 
in 2021 compared to 2016 (6.03% in 2016 vs. 9.01% in 2021). 
In 2021, at the time of the study, students were required to 
stay home at the first sign of illness. We  will discuss possible 
consequences for the interpretation of the results later.

Sampling Procedure
PIRLS 2016 followed a two-stage (i.e., sampling first schools 
and then classes within schools) stratified cluster design (Martin 
et  al., 2017). In 2016, a total of 208 schools were randomly 
sampled from a complete list of elementary schools in Germany, 
considering strata regarding school type (e.g., general education 
vs. special education schools) and the proportion of students 
from immigrant backgrounds as well as the additional condition 
that at least one school from each German Federal State had 
to participate. In 2021, 116 schools were sampled for the panel 
study as a random sample of the original N = 208 schools in 
PIRLS 2016, considering the strata school type and proportion 
of children from immigrant backgrounds. For the analysis, 
we  excluded special education schools (n = 5) because they are 
structurally very different from general education schools (i.e., 
much smaller classes, less bound to state-mandated curricula, 
and students do not transition to secondary schools after fourth 
grade). This resulted in a sample of N = 111 general education 
elementary schools.

Weights
The overall weights were calculated to adjust for clustered 
sampling (i.e., at the school level), the combination of school, 
class and student weights, as well as non-response adjustment 
at each level (Martin et  al., 2017). On average, each student 
in our sample from 2016 represented 294 students in the target 
population for 2016, and each student in our sample from 
2021 represented 325 students in the target population for 
2021. The 2016 sample represented 648,297 and the 2021 sample 
677,762 students.

Instruments
Reading Achievement Test
The reading achievement test used in PIRLS consisted of 
six narratives and six informational texts and different 
comprehension tasks developed for them (Mullis et  al., 
2015; Martin et  al., 2017). In 2016, 181 items were 
administered across 15 different test versions, with each 
student answering items about two texts. The reading 
achievement test in 2021 was a subset of 120 items of the 

test in 2016, spread over eight different booklets. Each 
student answered 28.31 items on average (SD = 4.70) in 2016 
and 27.24 items on average (SD = 4.50) in 2021. The items 
were a mixture of multiple-choice (MC) and constructed 
response (CR) items. The MC items were scored as either 
correct or incorrect. CR items were rated by trained personnel 
from the study administration based on scoring rubrics, 
as either incorrect, partially correct, or completely correct. 
Omitted items were scored as if they were incorrect responses 
and not reached items were treated as if they were not 
administered. The overall scoring procedure was the same 
in 2016 and 2021. More details on test construction can 
be  found in Martin et  al. (2017).

Student Composition Variables
All of the following variables are based on questions asked 
in both cycles (i.e., 2016 and 2021) with the same phrasing, 
at a similar location in the questionnaire, to the same group 
of respondents (i.e., students, teachers, parents, and school 
administrators). For binary variables, we  chose a coding that 
sets the majority group (>50%) to 0 and the minority group 
(<50%) to 1, unless indicated otherwise.

Gender
The gender variable was based on administrative data indicating 
students’ gender as reported in official documents. We  used 
contrast coding for gender, because there is no majority group 
(1 = Male; −1 = Female). A third category (i.e., “Other”) was 
only collected in 2021 and not in 2016 and could therefore 
not be  considered in the analysis.

Age, Enrolment, and Grade Retention
We aimed at comparing same-aged students in 2016 and 2021. 
Generally, students’ age within and across cohorts of fourth 
graders in Germany is biased by school enrolment deadlines 
in Germany’s federal school system (i.e., the deadlines by which 
students have to turn 6 years old in order to enroll in first 
grade in a given year vary from August 5 to September 30 
across different federal states). Additionally, the average age 
of participating students is higher in 2021 due to the fact that 
the survey period shifted slightly toward later in the school 
year. Furthermore, individual students’ age in fourth grade 
depends on whether they enrolled in school late or early relative 
to their birth date, and whether they were held back a grade 
during elementary school. Generally, being older relative to 
the rest of a cohort could be  a developmental advantage, 
whereas late enrolment and grade retention are negatively 
associated with achievement (e.g., Bell et  al., 2009). Based on 
these considerations, we  used three variables to control for 
age-related aspects:

 1. Relative cohort age: Students’ age within a cohort in a federal 
state, excluding individual deviations from regular enrolment 
(i.e., enrolment at age 6) and excluding grade retention. 
This variable represents a child’s age if all federal states 
had the same enrolment deadline and excludes age shifts 
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of entire years caused by irregular enrolment and grade 
retention. This age variabe had a range of 1 year.

 2. Enrolment: Individual deviations from regular school 
enrolment in years (regular enrolment is at age 6; deviations 
would include enrolment at age 5 or 7).

 3. Grade retention: Individual deviations in the number of 
years of schooling in years (regular is four).

Immigration Background
We chose to define immigration background in three different 
ways based on the students’ responses.

 1. The student was not born in Germany (=1) vs. the student 
was born in Germany (=0).

 2. One or both of the students’ parents were not born in Germany 
(three-level factor with both parents born in Germany as the 
reference group: both parents born in Germany, one parent 
not born in Germany, and both parents not born in Germany). 
Place of birth for both the mother and father had to have 
been filled in; otherwise, the variable was set to missing.

 3. The student’s family almost never or never speaks German 
at home (=1) vs. the family almost always or always speaks 
German at home (=0).

Socio-Cultural Capital
We used students’ responses regarding the number of books 
at home to approximate their cultural capital. The first group 
included students who reported that their families owned 100 
books or less (=1) vs. students who reported that their families 
possessed more than 100 books (=0).

Special Educational Needs
In Germany, students with special educational needs have been 
diagnosed by an official institution as having a disability that 
necessitates special learning support. Specific disorders regarding 
scholastic skills such as dyslexia do not qualify a student 
for special educational support. We  distinguish students with 
no special educational needs (=0) from students with diagnosed 
special educational needs (=1).

Procedure
PIRLS 2016 and the 2021 panel study were administered by 
the International Association for the Evaluation of Educational 
Achievement (IEA) in Hamburg. Both studies were conducted 
entirely on paper and took place during the first half of the 
school day. The study was administered by trained test 
administrators in each class, assisted by a teacher known to 
the class. The test administrators were university students from 
related disciplines (teacher training, educational science, and 
psychology) who attended a mandatory workshop on 
international testing guidelines and the standardized testing  
manuals.

The testing procedure was structured the same in both 
cycles. First, students worked on the PIRLS achievement test 
in two 40-min blocks with a 10-min break in between. During 
these blocks, students were allowed to ask questions to clarify 

the instructions but not regarding how to solve the tasks. 
Second, after another break, students completed several further 
standardized tests (for cognitive ability, decoding, vocabulary, 
and sentence comprehension). The cognitive ability test was 
administered with different variations in the two cycles (e.g., 
different time constraints), and different instruments were used 
to assess the reading subprocesses, so we  did not use them 
for the analyses presented here. Lastly, to obtain background 
information, students completed a questionnaire that took 
45 min for PIRLS 2016 and 60 min for the panel study 2021. 
However, the fact that the questionnaire was longer in 2021 
was not relevant to our analysis because all the questions 
we  were interested in (immigration background and socio-
cultural capital) were at the beginning of the questionnaire. 
In total, the study took 138  min in 2016 and 160 min in 2021, 
mainly because of the longer questionnaire at the end of 
the study.

Data Analysis
Data preparation and analyses were performed using R Studio 
Version 4.0.3 (R Core Team, 2020). First, we  used multi-level 
imputation to treat missing data in the background variables. 
Second, we scaled the test data using a multi-group IRT model. 
Third, plausible values were drawn based on the imputed 
background variables for conditioning. Fourth, we  used linear 
mixed-effects models to examine our research questions.

Missing Values and Multiple Imputation
We used multiple imputation to address missing values occurring 
in our data. All student composition variables are based on 
either administrative data (e.g., age and gender) or students’ 
responses (e.g., books at home and immigration background). 
For administrative variables, the missing rate was very low, 
<1%. In 2016, about 10% and in 2021, about 12% of student 
responses on the background questionnaire were completely 
missing (i.e., mostly due to missing parental consent). Missing 
student responses were not systematically clustered within classes.

The multiple imputation was carried out separately for 2016 
and 2021 with the same variables and specifications. In addition 
to student composition, we  included parents’ reported number 
of books at home from the parent questionnaire and city size 
as auxiliary variables. For the imputation, we  used a two-level 
imputation with predictive mean matching at level one for 
continuous variables (e.g., age). Furthermore, we used predictive 
mean matching for level two variables (i.e., city size) and 
logistic regression for binary variables (i.e., immigration 
background) within the R packages miceadds (Robitzsch et  al., 
2017) with 20 iterations and 10 imputed datasets.

Scaling and Plausible Values
Scaling for the reading achievement test was performed using 
a multi-group generalized partial credit model (Van der Linden, 
2016). The model was estimated using the marginal maximum 
likelihood method (MML) with the R package TAM (Robitzsch 
et al., 2019). The model estimates a difficulty and a discrimination 
parameter for each item or response category. Prior to model 
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estimation, we  excluded two items because fewer than 5% or 
more than 95% of responses were correct (i.e., leaving 179 
items for 2016 and 118 for 2021). The slopes within each CR 
item with multiple response categories were set to be  equal 
to each other. We  used a multi-group approach instead of 
separate scaling with linking because the achievement tests 
and test procedures in 2021 and 2016 were very similar. All 
items had a root mean squared deviation (RMSD) <0.08, so 
that none of the items indicated large misfit (Köhler et  al., 
2020). Because the item fit was acceptable for all included 
items, we considered the multi-group approach to be appropriate. 
The EAP reliability was good at RELEAP = 0.87. For all analyses, 
we  used 10 plausible values to provide a measurement error-
adjusted and unbiased estimation of effects. Plausible values 
were drawn using item parameters anchored at their estimated 
values from the calibration and random draws from the marginal 
posterior of the latent distribution for each student (Monseur 
and Adams, 2009). We  used all student composition and 
auxiliary variables as well as their interaction with the cycle 
(2016 vs. 2021) for conditioning. We  performed five draws 
with each of the 10 sets of imputed conditioning variables, 
resulting in 50 data sets. Finally, we  used a scale that sets the 
mean and SD in 2016 to 1,000 and 100, respectively, to make 
the results of the reading achievement test easier to interpret.

Analysis
Proportions, means, and SDs were calculated with multiple 
imputed variables, overall student weighting and school clustering 
using the R package survey (Lumley, 2020).

Students’ reading achievement was statistically modeled using 
a linear mixed-effects model framework in the R package lme4 
(Bates et  al., 2014) with the weights for 2016 and 2021. 
We  estimated three models: (1) a gross differences model (i.e., 
without student composition) to compare the overall difference 
between the study cycles (2016 vs. 2021) and a (2) net differences 
model that considered changes in student composition. 
Additionally, we  estimated (3) an achievement gap model that 
considers possible changes in the achievement gaps.

Models
First, we  modeled the reading achievement (θpc) of a student 
p = 1, …, N in school c = 1, …, C using a linear mixed-effect 
model (Bates et  al., 2014). In the gross model (GM), reading 
achievement was modeled as a function of an intercept β0 
(i.e., the average reading achievement in 2016), the fixed effect 
of the year βcycle (0 = 2016, 1 = 2021), and the random intercept 
of the school ζc [the variance of ζc was normally distributed 
with ζc ~ N (0, σ2ζ)]. Thus, in our GM, β0 represented the 
average reading achievement in 2016 and βcycle the difference 
between 2021 and 2016.

 0: pc cycle cGM q = b + b + z

Second, the net model (NM) included all student composition 
variables (Xpk), k = 1, …, K as fixed effects βk. In the NM, β0 
represented the expected average reading achievement of the 

reference group across cycles. The reference group represented 
the majority groups (born in Germany, both parents born in 
Germany, speaking German at home, more than 100 books 
at home, and no special educational needs) with average age 
and regular enrolment and without grade retention. The regression 
coefficient βcycle represented the reading achievement difference 
between the cycles if the students’ composition and the fixed 
effect βk of the student composition variables were the same 
in both cycles.

 

K

0
k 1

NM : pc cycle k pk cX
=

q = b + b + b + zå

Third, the achievement gap model (AM) included an additional 
interaction between student composition and cycle. As in the 
other models, in the AM, β0 represented the reading achievement 
of the reference group in 2016. βcycle represents the difference 
between the reference group in 2016 and 2021. The interaction 
effect represents the difference in the deviation between the 
reference group and the student subgroup in 2016 vs. 2021.

 

K K

0
k 1 k 1

AM : cyclepc cycle k pk k pk cX X
= =

q = b + b + b + q * + zå å

RESULTS

Descriptive Statistics
Descriptive statistics for reading achievement are reported 
in  Implications: Research, Support, Educational Policy, 
Appendix A. The student composition changed statistically 
significantly between 2016 and 2021, with (a) a slightly higher 
relative cohort age in 2021 due to later test administration 
dates in 2021 (t = 14.13, p < 0.001), (b) a higher percentage of 
children enrolled in school after turning age 6 (t = 2.59, p = 0.009), 
(c) a higher percentage of students from immigrant backgrounds 
in terms of children who were themselves born abroad (t = 9.28, 
p < 0.001), both of whose parents were not born in Germany 
(t = 3.59, p < 0.001) and who did not speak German at home 
(t = 3.59, p = 0.006), and (d) the percentage of students with 
special educational needs in general education schools (t = 2.01, 
p = 0.044). There were no statistically significant differences in 
grade retention, gender distribution, one parent being born 
abroad, or number of books at home across the two study 
cycles in 2016 and 2021 (see details in Appendix A).

Does Student Reading Achievement in 
2021 Differ From Pre-COVID-19 Times in 
2016?
The average reading achievement in 2021 was 980 points. In 
2016, fourth graders from the same schools had a mean reading 
achievement of 1,000 points. The gross model (Model 1) 
describes the difference in reading achievement between the 
study cycles without taking into account changes in student 
composition (see Table  1), but including school random 
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intercepts. The fixed effect for the difference between the study 
cycles was 19 points (βcycle = −18.93, SE = 3.04, p < 0.001) for 
an average student in an average school. This difference of 
19 points was statistically significant and corresponded to a 
standardized effect size of d = 0.19 (note that the SD is 100). 
The slight deviation from the average score difference (20 
points) results from controlling for the random intercept. In 
conclusion, on average, students’ reading achievement was 
lower in 2021 than in 2016. This result supported our 
Hypothesis 1.

Does Student Reading Achievement in 
2021 Differ From Pre-COVID-19 Times in 
2016 When Adjusting for Student 
Composition?
The net model (Model 2) displays the difference in reading 
achievement between 2016 and 2021 adjusted for student 
composition. The net model displayed a significant effect of 
study cycle βcycle = −13.80, SE = 3.03, p < 0.001, indicating that 
the difference between 2016 and 2021 cannot fully be explained 
by the student composition variables. The corresponding effect 
size was d = 0.14. This supports H2 that average reading 
achievement declined from 2016 to 2021 even when adjusting 
for student composition. The mean expected reading achievement 

for 2016 given the student composition in 2016 is 1,000 (i.e., 
mean for 2016), while the mean expected reading achievement 
for 2021 given the student composition in 2021 is 980 (i.e., 
mean for 2021). However, we  can estimate the expected mean 
reading achievement for 2021 based on the student composition 
for 2016. The expected mean reading achievement for 2021 
given the student composition for 2016 is 986, and thus, 14 
points (i.e., d = 0.14) lower than 2016.

In sum, these results indicate that the average reading 
achievement is lower in 2021 independently of student 
composition. This supports Hypothesis 2 that average reading 
achievement declined even when adjusting core characteristics 
of student composition.

Are There Achievement Gaps Between 
Subgroups of Students and Did They 
Change Over Time?
Table  2 shows the estimated subgroup differences in reading 
achievement, achievement gaps, and changes in achievement 
gaps. Overall, the results suggest that the achievement gap 
between students born in Germany and students born in other 
countries widened from 2016 to 2021. The gap between students 
with both parents born in Germany and students with both 
parents born abroad tend to be  larger in 2021 than it was in 

TABLE 1 | Linear mixed-effect model explaining reading achievement.

Model 1 gross study cycle 
difference (GM)

Model 2 net study cycle  
difference (NM)

Model 3 achievement gap 
differences (AM)

Estimate SE Estimate SE Estimate SE

Intercept 1001.32 4.39 1039.49 4.25 1044.04 5.13
Study cycle (2016 = 0, 2021 = 1) −18.93 3.04 −13.80 3.03 −22.16 6.04
Gendera (male = 1, female = −1) −6.03 1.46 −6.54 2.05
Relative cohort age (years)* −2.95 5.73 −3.79 7.52
Enrolled (years)* −13.19 4.27 −13.78 5.49
Retention (years)* −53.97 4.32 −50.20 6.67
Child not born in Germany+ −21.09 6.60 −13.44 9.72
One parent not born in Germany+ −17.78 4.62 −25.16 7.54
Both parents not born in Germany+ −31.51 4.78 −27.57 6.73
German spoken at home+,a −10.20 5.86 −13.18 7.06
Number of books at home+,b −36.16 3.73 −42.20 5.00
Need for special education+,c −78.92 8.19 −88.00 16.47
Year 21 x Gender 0.80 2.92
Year 21 x Age 1.19 11.28
Year 21 x Enrolled 0.68 8.45
Year 21 x Retention −6.83 9.57
Year 21 x Child not born in Ger. −10.17 13.76
Year 21 x One parent not born in Ger. 13.57 11.06
Year 21 x Both parents not born in Ger. −7.70 9.93
Year 21 x German spoken at home 5.87 11.03
Year 21 x Number of books at home 11.25 6.68
Year 21 x Need for special education 14.11 21.43
Explained variance between schools 0.006 0.588 0.598
Explained variance overall 0.010 0.167 0.168

Study 2016 N = 2,208 and 2021 N = 2,082 with each N = 111 schools. *Continuous variable centered. SE, Standard error and Bold estimates: p < 0.05.
+Dichotomous variables with dummy coding (0 vs. 1).
aPercentage of children who answered “I always speak German at home” or “almost always speak German at home.”
bPercentage of children who answered “Enough to fill two bookshelves (101–200)” or more.
cChildren with an official diagnosis that justifies special educational needs (i.e., emotional disability).
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2016. Similarly, the gaps between students who primarily spoke 
German at home and students who did not primarily speak 
German at home tended to widen. There was no increase in 
the gender gap between 2016 and 2021. Lastly, the gap between 
children with one parent born in another country and children 
with both parents born in Germany and children with more 
and less than 100 books seemed to close. However, none of 
these differences was statistically significant.

The achievement gap model (Model 3) considers differential 
effects of the student composition variables. The model displays 
no significant interaction between the year and any of the 
student composition variables. This suggests that the achievement 
gaps in the student composition variables did not change 
significantly between 2016 and 2021. With respect to our 
hypotheses, we  did find a gap between students with different 
socio-cultural capital, which is in accordance with H3.1.1. 
However, we  did not find a widening gap between 2016 and 
2021 (i.e., H3.1.2 was rejected). Furthermore, we  found a gap 
between students from immigrant and non-immigrant 
backgrounds, which is in accordance with H3.2.1. However, 
we  did not find a widening gap between 2016 and 2021 (i.e., 
H3.2.2 was rejected). Finally, we  found a gender gap in reading 
achievement, which is in accordance with H3.3.1, but did not 
find a widening gap from 2016 to 2021 (i.e., H3.3.2 was rejected). 
In sum, none of the achievement gaps statistically significantly 
changed between 2016 and 2021.

DISCUSSION

The present work provided first empirical evidence on the 
status of reading achievement among German fourth graders 

after the COVID-19-related changes to schooling. Our study 
makes a cohort comparison of reading achievement among 
students from 111 elementary schools in Germany before the 
COVID-19 pandemic in 2016 and more than 1 year after the 
outbreak of the pandemic in 2021. We  adjusted the results 
for student composition in both study cycles. In sum, there 
is clear evidence that reading achievement, a core learning 
outcome, is lower on average among current fourth graders 
compared to the pre-COVID-19 situation in 2016. The difference 
between 2016 and 2021 can only partially be  explained by 
student composition. A difference of 19 points is way beyond 
changes in average reading achievement found in large-scale 
assessment over the past decades. Thus, it is likely that this 
decline in average reading achievement is at least partly due 
to COVID-19-related measures. The observed effects are in 
the range of the average impact of COVID-19-related school 
closures as reported in the meta-analysis by König and Frey 
(2022) (d = −0.18).

The observed decline in average reading achievement is 
remarkable. Baird and Pane (2019) discussed translating 
standardized effect sizes into years of learning to make them 
more interpretable. The average annual reading achievement 
gains in fourth grade are often considered d = 0.40 with a margin 
of error of ±0.06 (Hill et al., 2008). Thus, the decline of d = −0.19 
means that fourth graders in 2021 are around half a year of 
learning behind fourth graders in 2016. The decrease of d = −0.14 
when controlling for student composition would represent slightly 
more than 4 months of learning. Note that the effect size of 
annual literacy gains was not measured directly, and average 
annual literacy gains vary across studies (e.g., d = 0.29: Ditton 
and Krüsken, 2009; d = 0.48: Krüsken, 2007), so the half-year 
or 4-month learning time are not necessarily very precise estimates. 
Nonetheless, fourth graders in 2021 are substantially behind 
fourth graders in 2016, even with more conservative estimates. 
Hence, even though elementary schools implemented a variety 
of support measures during the COVID-19 pandemic (Huber 
et  al., 2020; Lorenz et  al., 2020; Meinck et  al., 2022), the results 
presented here support the concern that younger students were 
particularly affected by the pandemic schooling situation (see 
also Tomasik et  al., 2020).

Contrary to expectations, we  did not find statistically 
significant effects indicating widening achievement gaps between 
subgroups of students—here: socio-cultural capital, immigration 
background, and gender. However, the statistical power for 
such interaction effects is limited in our study. Our study 
considered different sources of statistical uncertainty, plausible 
value variance, sampling variance, and imputation variance, 
as well as weighting, which imposed a high standard on finding 
significant changes in achievement gaps. There are recent findings 
from the German federal state Baden-Württemberg based on 
an annual population survey suggesting that schools with a 
large proportion of students with migration background and 
with lower average socio-cultural capital, respectively, had larger 
average losses in achievement than other schools (Schult et  al., 
2022). Therefore, it is likely that studies using larger samples 
or longitudinal designs can identify significant differences in 
achievement gaps. Thus, in light of the existing gaps and the 

TABLE 2 | Reading achievement gaps in different student subgroups.

Student 
subgroup

Reading achievement (SE)
Achievement 

Gap
Δ Gap

Gender Girls Boys
2016 1,008 (4.4) 994 (4.9) −14 (2.2) 2 (3.1)
2021 988 (5.3) 976 (6.5) −12 (3.8)
Country of birth 
(child)

Germany Other

2016 1,004 (4.2) 958 (10.1) −46 (9.2) −17 (11.4)
2021 991 (5.3) 928 (15.6) −63 (14.7)
Country of birth 
(one parent)

Germany Other

2016 1,004 (4.6) 987 (9.0) −17 (7.8) 13 (11.4)
2021 983 (5.7) 979 (15.0) −4 (13.8)
Country of birth 
(both parents)

Germany Other

2016 1,010 (4.2) 971 (7.1) −39 (5.8) −16 (8.2)
2021 997 (5.5) 942 (11.4) −55 (10.0)
Language at home German Not German
2016 1,008 (4.3) 975 (7.4) −33 (6.0) −8 (8.6)
2021 991 (5.6) 951 (12.0) −41 (10.6)
Books at home More then 100 100 or less
2016 1,034 (5.3) 985 (7.3) −50 (5.0) 5 (6.8)
2021 1,012 (7.6) 967 (11.4) −45 (10.6)

Study 2016 N = 2,208 and 2021 N = 2,082 with each N = 111 schools.
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low achievement levels of a substantial share of the student 
population, targeted support measures are clearly necessary. 
This finding is in line with previous studies (for Germany: 
Stanat et  al., 2019, internationally: Mullis et  al., 2017).

Strengths and Limitations
There is a need for empirical evidence on the academic achievement 
of current student cohorts in order to understand how these 
students perform compared to their expected achievement in the 
absence of the COVID-19 pandemic. Our study is one of the 
first studies worldwide—and the first of its kind in Germany—to 
apply a rigorous methodology in order to estimate the actual 
status of students’ reading achievement in elementary schools. 
The presented analyses are based on a representative sample taking 
the standardized, well-established PIRLS reading achievement test. 
In contrast to other comparative studies, we  present a school 
panel analysis. This has the main benefit of holding a number 
of key variables related to the educational environment, such as 
general school conditions (e.g., reading curricula) and school 
location, constant, allowing for a very high degree of comparability. 
Thus, the instrument and study design enable us to obtain reliable 
information on developments in achievement over time controlling 
for student composition as well as evidence on achievement gaps.

However, as a main limitation, it must be stated that no causal 
inferences on the effect of the containment measures during the 
COVID-19 pandemic on reading achievement since 2016 can 
be  drawn. The prerequisites for causal inferences are not given. 
A control group is not available, since the COVID-19-related 
measures were applied to all schools, and our study is not 
longitudinal at the student level and therefore cannot control for 
pre-pandemic individual student characteristics. At least one of 
these two conditions (as well as a few others) would be necessary 
to estimate the causal effect of specific pandemic measures such 
as school closures of different lengths. In addition, there may 
be  a slight underestimation of the full effect, as the measurement 
date in 2021 was on average 1 month later than in 2016.

Furthermore, we  only investigated reading achievement as a 
comprehensive construct. However, reading is a multi-faceted 
construct (Graesser and McNamara, 2011) with many contributing 
subprocesses such as word recognition (e.g., decoding skills), 
language comprehension (e.g., verbal reasoning), and bridging 
processes (e.g., vocabulary knowledge) and additionally, active 
self-regulation, motivation, and engagement (Duke and Cartwright, 
2021). All of these subprocesses could be  influenced by the 
COVID-19 pandemic conditions. Further insights into which 
particular reading subprocesses were especially impaired could 
help to further improve post-COVID-19 reading interventions. 
We  will have to leave this to further research, as the panel study 
was not originally designed to allow for these in-depth analyses.

Implications: Research, Support, and 
Educational Policy
However, the presented findings lead to important conclusions 
regarding further research, educational practice, and educational 
policy. Further analyses may provide more in-depth insights. 
These include differentially considering reading achievement 

for literary texts compared with informational texts, which 
may lead to more gender-specific findings, as girls’ performance 
advantages at the end of fourth grade are especially prominent 
for literary texts (Mullis et  al., 2017), and this may have been 
further reinforced by increased reading for pleasure during 
the COVID-19 pandemic-related restrictions. In addition, it 
should be  examined whether the results also apply to other 
domains such as mathematics or to older groups of students. 
Finally, international comparisons are urgently needed to clarify 
whether the pattern found for Germany holds for other countries 
as well. This will be  possible in the future using data from 
internationally comparative school achievement surveys such 
as PIRLS 2021 (elementary school, to be published in December 
2022) and PISA 2022 (secondary schools, assessed in 2022). 
Similarly, national large-scale assessments of student achievement 
can also be  insightful (Stanat et  al., 2019) and could help to 
refine our findings in the future.

Regarding educational practice, it should be  noted that 
compensatory measures have not been sufficiently effective 
for elementary school students in Germany more than a year 
after the onset of the COVID-19 pandemic-related restrictions 
on school operations but since then comprehensive measures 
have started to take place in Germany. Indeed, the findings 
highlight the need for comprehensive support—for all learners, 
as shown by the overall effect, but also targeted support for 
specific groups of students, as illustrated by the significant 
achievement gaps at the end of fourth grade, even if these 
were not further amplified compared to 2016. Here, coordinated 
targeted support approaches must be  used that focus on 
systematically support reading skills in the classroom, 
extracurricular support during students’ leisure time, and 
during school vacations, as well as support from the family. 
Lastly, we  assessed reading achievement shortly before most 
students in Germany transition to secondary schools. Therefore, 
the study provides information that could help secondary 
school teachers better understand the needs of rising fifth 
graders in post-COVID-19 times.

The findings are also informative for the design of educational 
policy. It should be concluded that the framework and conditions 
for learning in crisis situations need to be  strengthened. This 
includes but is not limited to expanding the framework 
conditions and use of digital media, but also promoting 
resilience at all levels (i.e., among learners and their families, 
teachers, schools, and the educational system). Furthermore, 
self-regulated learning should be  fostered among students of 
all ages, and last but not least, reading skills should be effectively 
supported at an early stage, as a key competency for all 
learners that enables them to acquire learning content relatively 
independently even in extraordinary learning situations such 
as distance learning.

The aim of the present study was to gain profound insights 
into the status of students’ achievement in the key competence 
of reading after a long period of COVID-19-related restrictions 
on learning at school and to identify any necessary support 
needs. In conclusion, society, as well as educational practice 
and educational policy more specifically, are now tasked with 
implementing effective supports for the children and adolescents 
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affected by the COVID-19 pandemic in order to effectively 
secure their educational and life chances.
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APPENDIX A

Descriptive results comparing the student composition in 2016 and 2021.

Year M SD Δ2021–2016 t Mis (%)

Reading achievement 2016 1000.00 (5.29) 100 −
2021 980.46 (5.32) 102 −19.55 (3.08) −6.34 −

Relative cohort age (years) 2016 10.19 (0.01) 0.30 0.50
2021 10.32 (0.01) 0.29 0.13 (0.01) 14.13 0.96

Late enrollment (years) 2016 0.03 (0.02) 0.43 0.50
2021 0.06 (0.02) 0.43 0.03 (0.01) 2.59 0.96

Grade retention (years) 2016 0.13 (0.02) 0.35 0.50
2021 0.13 (0.02) 0.37 0.01 (0.01) 0.77 0.98

Females (%) 2016 50.12 (0.95) 0
2021 50.02 (1.05) −0.10 (1.53) −0.07 0

Not born in Germany
Child (%) 2016 5.49 (0.65) 12.63

2021 13.83 (1.53) 8.34 (0.9) 9.28 17.45
One parent (%) 2016 13.32 (1.10) 18.40

2021 12.78 (1.09) −0.53 (1.03) −0.52 22.61
Both parents (%) 2016 22.01 (2.11) 18.41

2021 26.72 (2.38) 4.71 (1.31) 3.59 22.61
German not spoken at homea (%) 2016 18.86 (1.58) 10.58

2021 22.26 (1.78) 3.40 (1.23) 2.76 13.04
Number of books at home (>100)b 
(%)

2016 67.69 (1.69) 12.36
2021 67.25 (1.62) −0.44 (1.43) −0.31 15.38

Special educational needsc (%) 2016 2.98 (0.80) 1.96
2021 4.12 (0.66) 1.14 (0.57) 2.01 0.00

Study 2016 N = 2,208 and 2021 N = 2,082, with N = 111 schools each. Bold estimates: p < 0.05 
aPercentage of children selecting “I always speak German at home” or “almost always speak German at home.”
bPercentage of children selecting “Enough to fill two bookshelves (101–200)” or more.
cChildren with an official diagnosis of special educational needs (i.e., emotional disability).
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