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Abstract

The first wave of the COVID-19 pandemic disrupted regular classes in spring 2020.
Temporary school closures supposedly led to a considerable learning loss, particularly for
low-achieving students. Schools in Baden-Wiirttemberg, Germany, were closed for two
months. Although distance learning was implemented, students spent less time learning.
Additionally, teachers were faced with organizational and technological challenges of
remote learning environments. The present study investigates the competencies of fifth-
graders, using large-scale assessment results in reading and mathematics from annual
mandatory tests in September (each n > 80,000). In line with studies from other countries,
competence scores were slightly lower in 2020 compared with the three previous years
(—0.07 standard deviations for reading comprehension, —0.09 for operations, and —0.03 for
numbers). Low-achieving readers managed to attain pre-pandemic competence levels.
Regarding mathematics competencies, low-achieving students seem to have a learning
backlog that deserves attention in future education. School characteristic such as the average
socio-cultural capital and the proportion of students with migration background played a
minor role in mediating the schools' learning loss. Still, lower socio-cultural capital was

positively associated with larger learning loss in mathematics.

Keywords: COVID-19, school closures, mathematics competencies, reading competencies,

large-scale assessments
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Introduction

Closing educational institutions is among the most effective non-pharmaceutical
interventions to curb the spread of SARS-CoV-2, the virus responsible for the worldwide
COVID-19 pandemic (Haug et al., 2020). Since the beginning of the pandemic in early 2020,
almost every country has imposed countrywide school closures at some point (United
Nations, 2020). In Germany, schools were closed in March 2020 and only gradually re-
opened towards the end of the school year (for chronological details see Fickermann &
Edelstein, 2020). Further school lockdowns followed in 2021. In spring 2020, elementary
schools in the federal state of Baden-Wiirttemberg, for example, were closed for two months.
Classes shifted to remote learning during the lockdown of school buildings. There were
many challenges for teachers, students and their families, including an unprepared digital
infrastructure for virtual classrooms and frequently inadequate learning environments at
home (Huber & Helm, 2020). Survey findings indicate that students were less engaged in
school-related activities in general and learning activities in particular during the German
lockdown in spring 2020 (Grewenig et al., 2021). Even though international studies suggest
detrimental lockdown effects on student achievement (Engzell et al., 2021; Maldonado & De
Witte, 2021), the city of Hamburg, Germany, reports no systematic long-term loss in
learning achievements (Depping et al., 2021). Divergent results in these different reports
might be due to differences between the studies in terms of assessment dates (e.g., in relation
to school lockdowns during the pandemic), tested samples, implemented achievement tests,
and other social and educational factors.

Educational management, policy making and educational sciences in times of the
pandemic require a broad empirical base. The aim of the present study is to broaden the
empirical base with long-term data from the German federal state of Baden-Wiirttemberg
and to provide insights from an educational monitoring perspective. Using data from a

statewide mandatory large-scale educational assessment, we compare cognitive
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competencies of students at the beginning of their first year in secondary school in grade 5
before and after the first wave of the COVID-19 pandemic. More specific, we compare
students’ test scores in reading and mathematics from the years 2017 to 2019 (pre-pandemic
assessment) with the scores after the first school lockdown in Germany took place in the
pandemic year 2020. Thus, our population data provide valuable insights into students’
competence development following the pandemics’ effects on formal education and beyond.
The Development of Student Achievement During the First Wave of the Pandemic

The unprecedented school lockdown changed the daily lives of students in many and
profound ways. Expected consequences include less time spent on learning, increased stress,
different and possibly fewer interactions with peers and teachers, reduced learning
motivation, (more) distance learning, and less healthy nutrition (Di Pietro et al., 2020).
According to a survey of 1,099 German parents of school-aged children (Grewenig et al.,
2021), students spent considerably less time on learning activities during the lockdown (3.6
hours on average) than they did before (7.4 hours). This reduction was more pronounced for
low-achieving students than for high-achieving students. There were no differences between
students from academic or non-academic families. What made a difference was higher
income, which can be associated with more time spent on learning activities (in a sample of
English children; Andrew et al., 2020).

In some cases, however, there might be positive effects of school closures on
learning. Additional cognitive, motivational, and financial support on the parents’ side have
the potential to be even more conducive to learning than regular classes (e.g., Immerfall,
2020). Still, such positive effects, if they exist, do not offset the detrimental consequences of
closed schools, as indicated by an overall loss of learning in recent studies (Engzell et al.,
2021; Kuhfeld et al., 2020a).

German schools offered remote learning which often had qualitative implications

because they focused more on rehearsal of previously learned content. A lack of learning
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spaces at home, poor internet connection and technical equipment were further issues which
thwarted adequate (teaching and) learning quality (Grewenig et al., 2021). The variability of
distance learning quality and content makes it difficult to pin down the causal effect of
school lockdowns on student achievement. However, the analysis of educational large-scale
assessments can provide an estimate of the overall pandemic effect and delivers a broad data
base for an evaluation of the current status of students’ achievement levels as compared to
their respective peers in pre-pandemic years.

Currently, studies from the United States and from several European countries
provide cross-sectional or longitudinal estimates of how the pandemic affected students’
academic competencies. Moreover, they investigated whether the effects differ for students
with different family backgrounds, focusing on migration background and socio-economic
variables. These variables have repeatedly been shown to affect student learning. In general,
socio-cultural capital is associated with resources that may help students to learn at home
(Andrew et al., 2020). Migration background is associated with lower socio-economic status
and more problems of understanding the language of instruction (Kempert et al., 2016).

A large-scale study of potential lockdown effects based on data from about 10 % of
U.S.-American public schools indicates attenuated learning gains in 2020 compared to the
previous year (Kuhfeld et al., 2020a). The intra-individual learning loss was small in reading
(e.g., —2 percentile ranks for grade 4, n > 325.000) and more pronounced in mathematics
(e.g., —10 percentile ranks for grade 4) across grades 4 to 8. The inter-individual comparison
of the samples of fall 2020 and fall 2019 showed similar differences (with each n > 344,000
for grade 4). The differences in achievement associated with school closures were not related
to socio-economic status.

Eight weeks of closed schools in the Netherlands in spring 2020 were associated with
a loss of learning of 3 percentile ranks (n > 250,000, grades 4 through 7; Engzell et al.,

2021). Dutch elementary school students had taken standardized exams just before the
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schools were closed and soon after they were re-opened. Students’ learning trajectories were
then compared with data from the three previous years. Learning loss estimates were slightly
larger for mathematics (0.14 standard deviations) than for reading (0.09 standard deviations;
Engzell et al., 2021, p. 85). Fourth-graders showed a learning loss that was similar to the
total sample (i.e., 3 percentile ranks). The effect was larger in schools with a high proportion
of students with a migration background and in schools with a high proportion of students
from non-academic families. In another study of Dutch students, learning trajectories in a
formative assessment were compared for the school years 2018/19 and 2019/20. The
assessment was administered online throughout the year in grade 1 to 6 and addressed
mathematical skills as well as reading and spelling. In grade 4 (n = 25,336), there was a net
increase of 0.2 standard deviations in 2019/20 for all domains combined with a particular
spike during the lockdown phase (Meeter, 2021). During the lockdown and afterwards,
students in this particular sample spent more time on the formative assessment tasks than the
cohort from the previous year, presumably compensating the lack of classroom activity
while schools were closed.

Schools in Belgium were closed for nine weeks in spring 2020. The comparison of
test scores from June 2020 with test scores from the previous year showed a learning loss of
0.19 standard deviations in mathematics and of 0.23 standard deviations in Dutch
(Maldonado & De Witte, 2021). The analysis was based on a sample of n > 1,287 sixth-
graders in Catholic schools in Flanders. For schools, participation in the assessment was
voluntary. In 2020, the number of participating schools was reduced by more than 50 %
compared to previous years. This sampling difference might compromise the validity of the
comparison between the pandemic-affected cohort with the pre-pandemic cohorts to some
extent. Results showed that disadvantaged neighbourhoods and foreign language spoken at
home induced a higher estimated learning loss in the domain of reading but not in the

domain of mathematics.



STUDENT COMPETENCIES DURING THE COVID-19 PANDEMIC 7

Currently, the only findings regarding the effects of the pandemic on German
elementary schools pertain to the city of Hamburg (Depping et al., 2021). Test performances
of incoming fifth-graders in 2020 were compared to test performances of incoming fifth-
graders in 2019 (each year’s n > 13,000). Surprisingly, students’ reading scores were
actually higher in the pandemic year 2020 compared to the previous year (0.05 standard
deviations). Mathematics scores were slightly lower in 2020 compared to 2019 (0.02
standard deviations). The learning loss was most pronounced in schools with learners from a
disadvantaged social background (e.g., a decrease of 0.21 standard deviations in
mathematics). These findings suggest that remote teaching along with additional courses
during summer break managed to compensate negative school lockdown effects. It should be
mentioned, however, that test booklets with responses to less than 20 % of the test items
were excluded from the analysis, which probably underrepresents weaker students in the
reported sample. The positive pre-post-difference in reading might therefore be partly due to
a larger number of excluded booklets in 2020 (5.5 %) than in 2019 (3.4 %).

Meta-analytic and systematic reviews, which included a preprint of the present study,
estimate average learning losses between d = —0.09 (in reading; Hammerstein et al., 2021)
and d = —0.17 (in mathematics; Zierer, 2021) during the first wave of the COVID-19
pandemic in the year 2020. Moreover, learning losses were larger, at least in reading tests,
for schools with a large proportion of students with a migration background (Maldonado &
De Witte, 2021) and for students from less-educated homes (Engzell et al., 2021; Maldonado
& De Witte, 2021).

The Present Study

The state of Baden-Wiirttemberg administers a statewide mandatory assessment of
competencies in reading and mathematics at the beginning of secondary school in grade 5
(“Lernstand 57). Students completed this assessment at the regularly scheduled time in

September 2020, which allows unbiased comparisons with previous waves of the



STUDENT COMPETENCIES DURING THE COVID-19 PANDEMIC 8

assessment. By looking at students’ achievements at the beginning of the new school year
(and not directly after schools re-opened), one gets a clearer picture of potential long-term
learning losses that includes compensation efforts after schools re-opened. After schools had
closed, German teachers were initially instructed to repeat material that had already been
learned and to postpone the introduction of new learning contents (Fickermann & Edelstein,
2020). There were also optional lessons during the last two weeks of summer break to
remedy deficits of low-achieving students.

Thus, the present data provide further insights into the potential differences between
the first (school) year of the COVID-19 pandemic and previous pre-pandemic years,
extending the international findings discussed above and contributing additional insights into
schools that were temporarily closed. Since the assessment took place at the very beginning
of secondary school, the effects reported here mainly refer to what happened to students’
learning achievements in their last year of elementary school (i.e. grade 4).

The present study investigates the competencies of all fifth-graders in one German
federal state in two domains before and after the first pandemic wave, drawing on data that
allow taking three important perspectives on changes of (1) population means, (2) high-,
average-, and low-achieving groups, and (3) relations to school characteristics.

Research Questions (RQ)

RQ1: How do the competencies of incoming fifth-graders in reading and
mathematics differ between the pandemic year 2020 and the three previous years?

RQ2: How do the competence levels of high-, average-, and low-achieving student
groups differ between the pandemic year 2020 and the three previous years?

RQ3: How does the difference between student performance levels before and after
the first school lockdown relate to school characteristics, specifically the proportion of

students with migration background and the schools’ socio-cultural capital?
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Method

Study Design and Participating Student Cohorts

The present study is based on “Lernstand 5, an ongoing large-scale assessment that
was developed by the former State Institute for School Development to provide teachers and
schools with information regarding the competencies of the incoming fifth-graders in Baden-
Wiirttemberg (each year’s n > 80,000). The aim of “Lernstand 5” is to assess to what degree
students have achieved selected elementary competencies taught in elementary school and to
offer (optional) tailored coaching materials (Fischer et al., 2017; Schulz et al., 2017). The
assessment was introduced in 2015, featuring competence tests in German and mathematics
at the very beginning of secondary school (i.e., grade 5). The tests are mandatory for all
public secondary schools in the federal state. Each year’s test consists exclusively of new
items. Teachers administer the tests on a day of their choice during the second and third
week of the school year, typically in the second half of September. Participation is voluntary
for students with special needs. Students who are absent on the day of the test (e.g., due to
illness) do not participate. Participation rates for each year and test domain are listed in
Table 1. Teachers mark the tests using standardized coding instructions. The test results are
not affecting grades in the classroom, making “Lernstand 5” a low-stakes assessment.

--- insert Table 1 here ---

Schools in Baden-Wiirttemberg were closed on March 17, 2020 due to the COVID-
19 pandemic. Classes in grade 4 resumed on-site teaching two months later on May 18,
2020. Class schedules rotated for the remaining time of the school year, resulting in a total of
ten weeks of school absence for students in grade 4 (in addition to four weeks of regular
holiday periods). For the duration of the lockdown, emergency childcare facilities were
established for children whose parents work in essential services. The amount and frequency
of distance learning opportunities varied; students from families with low socio-economic

status tended to have less contact with their class (Immerfall, 2020).
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Measures

“Lernstand 5 contains two short screening tests (reading speed and arithmetics) and
three longer competence tests (reading comprehension, operations, and numbers). The
following analysis is based on reading comprehension, operations, and numbers because
these three tests were linked across the assessment years, allowing for a comparison of
competencies on the same scale from 2015 to 2020. Table 1 contains reliability estimates
and the number of items that were administered in each year.

A pilot study preceded each main data collection for “Lernstand 5. Each pilot study
took place 14 months before the assessment, using a sample of around 8,000 elementary
school children at the end of grade 4. The tests in the pilot studies contained new items along
with a set of linking items that remained constant throughout the years.

Reading Comprehension.

The “Lernstand 5 reading comprehension test comprised four texts and between 32
and 38 items (50 minutes). It assessed different reading processes such as retrieving
explicitly stated information and ideas, making inferences, interpreting ideas and

information, and evaluating content and textual elements (Fischer et al., 2017).

Mathematics Competencies.

The “Lernstand 5 mathematics tests contained a test of the domain “operations” (20
minutes), and a test of the domain “numbers” (20 minutes). The operations test assessed
competencies regarding the application and combination of arithmetic processes. The level
of difficulty ranged from understanding simple operations in clear situations to applying
multistep operations embedded in problem solving tasks. The numbers test assessed
competencies regarding the understanding, interpretation, and application of different
representations (numeric, verbal, figural) of natural numbers up to one million (Schult &

Lindner, 2019; Schulz et al., 2017).
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School Characteristics.

The proportion of students with migration background (at the grade level) was
extracted from the official school statistics of the school year 2019/20'. The respective
proportions for grade 5, 6, and 7 were obtained for each secondary school in the data,
because they correspond to the three cohorts that were used as pre-pandemic comparison
group. The three proportions (grade 5, 6, and 7) were averaged to obtain an estimate for each
school (Cronbach’s alpha = .95). Migration background was defined as having a foreign
nationality, having a foreign place of birth, or speaking a different language than German at
home.

Socio-cultural capital was estimated for each school based on the average number of
books at the homes of its student body. This information was obtained at a school level from
reports by Baden-Wiirttemberg’s eighth-graders in March 2019 and March 2020 during the
VERA 8 assessment (20192020 = .88; for study details see Schult & Wagner, 2020).
Responses were given on a six-point scale: 1 = “0-10 books”, 2 = “11-25 books”, 3 = “26—
100 books™, 4 = “101-200 books”, 5 = “201-500 books”, and 6 = “more than 500 books”.
We could link the background data to the competence scores at the school level.

Data Preparation and Data Analysis

Within each domain, competence test scores were placed on a common scale using a
set of linking items administered in each pilot study (see section 2.2). Each domain’s
population mean in 2015 was set to 500 and the standard deviation to 100. The difficulty
parameters of the linking items were estimated in 2014 after the first pilot study and retained
for the scaling of all subsequent pilot studies (fixed parameter calibration; Kolen & Brennan,
2014, p. 182-183). The competencies in reading comprehension, operations, and numbers

were modelled using the unidimensional one-parameter logistic model known as Rasch

! Data for the school year 2020/21 was not available yet.
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model with the marginal maximum likelihood method (de Ayala, 2009). A set of ten
plausible values was drawn to estimate each student’s ability. Plausible values yield
unbiased means and variances (Wu, 2005). We repeated the analysis for each plausible value
and pooled the results. Because the standard deviations differ somewhat between the years,
we computed Cohen’s d, the effect size indicating the standardized difference (Lakens,
2013).

The dominant way to interpret these standardized mean differences in education is to
compare the effect size with the average gain during a year of schooling for the respective
age group. Based on large norm samples of various educational tests, Bloom (2008)
estimated that the annual reading gain between grade 4 and grade 5 is d = 0.40 for U.S-
American students. The corresponding average gain in mathematics tests is d = 0.56. Studies
with samples of German fourth-graders suggest larger average gains within one year in the
range between d = 0.61 (reading) and d = 0.71 (mathematics; Ditton & Kriisken, 2009;
Fuchs & Brunner, 2017; Kriisken, 2007; Robitzsch et al., 2011; Rudolph et al., 2016; Wendt
et al., 2017). With an annual learning of 0.65, the loss of learning of 0.08 (as reported by
Engzell et al., 2021) would correspond to an eighth of a year of schooling (0.65 / 8 = 0.08).

All analyses were run in R (R Core Team, 2021) using the packages eatRep (Weirich
et al., 2021), ggplot2 (Wickham, 2016), plyr (Wickham, 2011), psych (Revelle, 2020), tidyr
(Wickham, 2020), and TAM (Robitzsch et al., 2020). The analysis uses entire population
cohorts. Even though there is no need to make inference from samples to these populations,
we included complementary significance tests at the significance level of alpha = .01 for
mean comparisons and correlations.

Descriptive statistics were computed for all years. Moreover, the results from 2017 to
2019 were combined to obtain a pre-pandemic comparison group. Choosing the three
previous years as comparison group is in line with the approach taken by Engzell et al.

(2021) and by Maldonado and De Witte (2021). Using more than one year for comparisons
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reduces possible outlier effects. Using a higher number of pre-pandemic years for
comparisons, however, could have introduced bias associated with more general long-term
trends in student achievement (Stanat et al., 2017).

Comparing Population Means (RQ1).

Population means in reading comprehension, operations, and numbers were
calculated for each year as well as for the pooled cohorts of 2017, 2018, and 2019. To
answer RQ1, the standardized difference between 2020 and the three previous years
combined was calculated for each of the three competence tests.

Comparing High-, Average-, and Low-Achieving Groups (RQ2).

Population percentiles at 5 %, 25 %, 50 %, 75 %, and 95 % were estimated in reading
comprehension, operations, and numbers for each year as well as for the pooled cohorts of
2017, 2018, and 2019. To answer RQ2, the location of each percentile in 2020 and in the
pooled group of the three previous years combined was compared for each of the three
competence tests.

Exploring School Characteristics (RQ3).

The average test score 8,was calculated for each school i for each of the three
domains. The average test score for 2017, 2018, and 2019 was subtracted from the average
test score for 2020 to indicate the change from before the COVID-19 pandemic to after the
first pandemic wave: §; = 8;(2020) — 6;(2017,2018,2019). To answer RQ3, this change
score was correlated with the proportion of students with migration background and with
socio-cultural capital (average number of books at home). Furthermore, average school
competence scores were estimated for each quartile of the two school variables.

Some schools comprised two or more types of schools (Schulverbiinde). It was not
possible to retrospectively assign their classes to the correct school type for the years 2015 to

2019. In addition, some schools changed their type of school, some were permanently
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closed, and some were newly opened during those four years. These schools (k = 152) were

excluded for the analysis pertaining to RQ3, leaving k = 1065 schools for the analysis.

Results

Comparison of Population Means (RQ1)

The descriptive statistics of the competence assessment for all years are listed in
Table 2. The comparison of 2020 with the three previous years shows that the competencies
of incoming fifth-graders were on average lower after the first COVID-19 wave than before
(RQ1). The standardized difference was d = —0.07 for reading comprehension, d = —0.09 for
operations, and d = —0.03 for numbers (all p < .001).2

--- insert Table 2 here ---

Comparisons for High-, Average-, and Low-Achieving Groups (RQ2)

Comparisons of selected percentiles revealed a mixed pattern (RQ2; see Figure 1 and
Table 3). In reading comprehension, low-achieving students (i.e., the bottom 5 %) scored
beneath a similar cut level (2017-2019: 299 vs. 2020: 300). The other cut scores at the 25 %,
50 %, 75 %, and 95 % percentile were 9 to 17 points lower in 2020 than in the three previous
years, indicating lower achievement scores for medium- to high-achieving students. In
operations, high-achieving students (i.e., those above the 95 % percentile) scored above a
higher cut level in 2020 (2017-2019: 656 vs. 2020: 667). Students in the groups with lower
levels of competence at the 5 %, 25 %, 50 %, and 75 % percentile had scored 1 to 28 points
less in 2020 than in the three previous pre-pandemic years. In numbers, cut levels were
similar for the 50 %, 75 %, and 95 % percentiles and 5 to 7 points lower for the 25 % and

5 % percentiles. Taken together, the differences in reading comprehension were larger for

2 The year-to-year comparison of 2020 with 2019 shows standardized differences of d = +0.07 for
reading comprehension, d = —0.07 for operations, and d = —0.02 for numbers.
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high-achieving students, whereas in mathematics they were larger for low-achieving
students.

--- insert Figure 1 and Table 3 here ---
School Change Scores and School Characteristics (RQ3)

The correlation between schools’ change scores in the two mathematics competence
domains were large (r = .50, p <.001). The correlations between the reading change score
and the mathematics change scores were medium (r =.26 and r = .29, both p <.001). This
suggests that learning losses (or gains) at a school level could differ considerably between
reading and mathematics.

The bivariate correlations of the change scores with migration background and socio-
cultural capital are listed in Table 4. Schools with higher socio-cultural capital tended to
have more positive school change scores in operations (r = .36, p < .001). The remaining
correlations between the school characteristics and the change scores were weak and
heterogeneous (|r| < .3; p <.001, except for numbers both p > .01; RQ3). However, the
correlations between the two background variables with each other (r =—.71, p <.001) as
well as with the average school competence scores (|r| > .65, p <.001) were very large.
Consequently, the average school change scores at different quartiles of the background
variables, which are shown in Figure 2 (and listed in Table 5), were similar to the differences
shown in Figure 1.

--- insert Table 4 and Figure 2 and Table 5 here ---

Discussion
During the first COVID-19 wave in spring 2020, the roughly two months with closed
schools disrupted regular education in Germany. The purpose of this study was to gain a
better understanding of student competencies at the beginning of secondary school in 2020
compared to the pre-pandemic school years by investigating the score differences across

cohorts in a mandatory annual large-scale assessment in Baden-Wiirttemberg, Germany. The
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reading and mathematics competencies of incoming fifth-graders were slightly lower after
schools closed for two months in 2020 than they were compared to the average of the three
previous years (2017-2019). These cohort differences are in line with the expectations that
closed schools and further pandemic-related issues (e.g., increased absentism; Sosu & Klein,
2021) would prevent students from learning as much as they would have learned in an
uninterrupted tuition system, presumably due to less time being spent on learning activities,
fewer interactions with peers, and less direct instruction and feedback from teachers
(Andrew et al., 2020; Grewenig et al., 2021). The results provide further evidence that
student competencies were attenuated after schools had been closed for about a fifth of the
school year (RQ1). The extrapolation of learning loss estimates from summer breaks and
(partial) absentism yields expected learning gains for the school year 2019/20 that
correspond to 37-80 % of the learning gains expected for a typical school year in reading
and 67-82 % in mathematics (for grade 4; see Kuhfeld et al., 2020b, Table C5). The annual
learning gains in the present study were larger than these projections, ranging from 83-89 %
in reading to 84—87 % in numbers and 95-96 % in numbers.? In summary, the cohort
differences translate to roughly one month of learning backlog.

Studies that compared student performance declines directly after the re-opening of
schools tend to show larger deficit estimates (Engzell et al., 2021; Kuhfeld et al., 2020a;
Maldonado & De Witte, 2021). The “Lernstand 5” competence assessments took place at the
beginning of the new school year in September 2020. Effects of distance learning as well as
additional remedial teaching after schools re-opened are therefore also reflected in the
assessed test performances. Data from Hamburg, Germany, from August/September 2019
and September 2020 show similar results (Depping et al., 2021). Like the findings from

Hamburg, the present analysis shows an unexpected positive difference for reading

3 The percentages were calculated using the effect sizes from Table 2 along with the annual gain
estimates from Germany (reading: d = 0.61; mathematic: d = 0.71; see above) and Bloom (2008; reading: d =
0.40; mathematics: d = 0.56) as baseline, respectively.
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competencies between 2019 and 2020. A possible explanation might be that students
increased their reading skills by spending more time on reading activities during the school
lockdown. However, the positive difference in Hamburg might be partially related to an
increased number of excluded booklets with very few responses, whereas the positive
difference in Baden-Wiirttemberg could be somewhat related to particular test characteristics
and other fluctuations in the year 2019. Including the years 2017, 2018 and 2019 in the pre-
pandemic comparison group in the present study shows more plausible negative difference,
though.

The separate analysis of three competence domains across different competence
percentiles provides further insights. The lockdown findings from Baden-Wiirttemberg show
slightly diverging patterns for reading and mathematics, depending on the level of student
achievement. This may indicate that school closures are not followed by a uniform loss of
learning across all groups of students but rather by a heterogeneous learning backlog (RQ?2).
Overall, the present findings suggest that teachers’ (as well as parents’ and students’) efforts
to adapt to the disruption were often beneficial, because the cohort differences turned out to
be smaller than the estimated short-term loss of learning during the actual school lockdown
(Engzell et al., 2021; Maldonado & De Witte, 2021).

Differences in mathematics assessment scores before and after the first wave of the
pandemic were on average closer to zero in the numbers domain than in the operations
domain. This may reflect that teachers put a stronger emphasis on arithmetic tasks that
students could practice at home on their own during the pandemic year 2020. In contrast,
there may have been less time than usual to focus on the application of operations in tasks
that require multistep problem solving and a translation of mathematical relations to real
world settings. The group of high-achieving students managed to attain similar competence
levels compared to previous cohorts regarding operations. On the other hand, average- and

low-achieving students showed less understanding of operations than previous cohorts. A
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different pattern can be found in the domain of reading comprehension, where low-achieving
students attained similar competence levels in 2020 compared to the previous years. A
possible explanation could be that the lockdown forced teachers and students to spend more
time with basic reading tasks, including distance learning via email, chat, and work sheets.

School characteristic such as the average socio-cultural capital and the proportion of
students with migration background did not show substantial relationships with schools’
competence change scores (RQ3). This result is in line with findings from Hamburg, where
social school characteristics played only a minor role in the explanation of school differences
(Depping et al., 2021). As expected, socio-cultural capital was positively associated with
slightly larger school change scores in mathematical operations and, to a lesser degree,
numbers. Contrary to previous findings (e.g., Maldonado & De Witte, 2021), students’
migration background at the school level showed a small positive relation to the reading
change score whereas socio-cultural capital had a small negative relation to the reading
change score. Overall, the school background variables were highly correlated with the
average school competence scores. It was therefore not possible to statistically isolate
specific effects of school characteristics over and above competence scores.

The present study is based on mandatory standardized tests that had been
administered shortly before the second COVID-19 wave in Germany caused further
disruptions in regular education. The data provide a unique perspective on the effects of the
pandemic on student competencies after two months of closed schools and distance
education. Specifically, differences could be shown for lower levels of student achievement.
Judging from the comparably low 5 % percentile in 2020, the operations domain in
mathematics deserves more attention during (and after) potential future school lockdowns.
The variability in test scores between students has already been large before the COVID-19
pandemic (see 2015 to 2019 in Figure 1). Competencies within one year — and even within

many individual schools — are spread across more than three standard deviations. This
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heterogeneity within schools may well pose a greater challenge to teachers than a slight
pandemic-related attenuation of the schools’ mean competence level. In order to help
teachers cope with large student competence variances in their classes, the “Lernstand 5”
assessment is directly linked to remedial teaching modules. These modules help teachers
support students to improve their competence levels with material that is specifically
matched to serve the individual’s educational needs.

Limitations

The present study design does not allow a causal interpretation. Several potentially
confounding aspects must be taken into account. The analysis is based on between-student
comparisons. Thus, the results do not reflect intra-individual learning gains. The background
characteristics were only available at the school level. The analysis of school characteristics
(RQ3) cannot be translated directly to individual students without risking an ecological
fallacy. Moreover, the average number of books at home was an estimate from previous
student cohorts. However, the measure showed little fluctuation across cohorts, and can thus
be used to approximate the average socio-cultural capital of the assessed schools.

As shown in Figure 1, there was a considerable year-to-year fluctuation in the pre-
pandemic years. The 2020 scores may reflect not just effects of school closures but also
specific variance introduced by the particular tests that were used in 2020 despite the
standardized development and scaling. Still, the present study presents important results
regarding students’ achievement that are necessary to conduct meta-analytic investigations.
Combining the present findings with other large-scale studies yields learning loss estimates
that are slightly larger than our effect sizes (d = —0.10 in native language domains such as
reading; d = —0.17 in mathematics; Zierer, 2021).

Schools are places of learning. In Germany (and most other countries), the
curriculum includes factual knowledge, cognitive competencies (such as performing tasks in

reading and mathematics) as well as social skills and critical thinking. Closing schools
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disrupted not only learning and instruction, but also peer interactions and everyday family
life. With its focus on specific competencies, the present study only provides insights
regarding changes of reading and mathematics competencies. However, school closures do
not only affect students’ acquisition of domain specific competencies. Thus, additional
research should also focus on potential changes in well-being and social relatedness of both
students and teachers.

In Germany, students with low achievements often have to repeat a grade (n = 262
after the school year 2018/19 in Baden-Wiirttemberg). In the wake of the first COVID-19
wave, such mandatory grade repetitions were suspended. This might also have led to a larger
than usual number of low-achieving students in the 2020 cohort. Assuming that the
additional students are on the lower end of the empirical ability distribution, this effect may
theoretically account for up to 0.01 standard deviations.*

Implications for Teaching

When global emergencies such as the COVID-19 pandemic trigger the political
decision to close schools, educational psychology offers clear recommendations how classes
can continue educating their students in beneficial ways. Some recommendations are simple
but may require substantial resources. For example, Andrew et al. (2020) suggest that adding
one extra hour of instruction per week during the next school years might offset the
pandemic effects by the time today’s fifth-graders graduate from high school. The digital
infrastructure at many schools in Germany might need to be improved in order to facilitate
distance learning and digitally augmented education in general (Huber & Helm, 2020).

Online learning benefits students during a school lockdown. In a study of 1,835
Chinese ninth-graders, learning loss during a seven-week school lockdown was 0.22
standard deviations smaller for students with online lessons than for students with no formal

instruction (Clark et al., 2021). Formative online assessment seems to be a promising tool to

4 The estimate is based on a simulation of 100 data sets with M = 500, SD = 100, and » = 80,000, in
which the bottom 262 cases were duplicated.
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engage students while schools are closed. Empirical studies of formative assessments during
the first COVID-19 wave showed a performance increase compared to the regular classes in
previous years (Meeter, 2021; for older students see Spitzer & Musslick, 2020). Still, the
exact causal links remain unclear, because the samples were self-selected and the
interventions were at the same time the competence assessment used as outcome (which
facilitates method effects).

More generally, learning and instruction need to be adapted to distance learning with
a focus on cognitive activation, student support, and classroom management (Voss &
Wittwer, 2020). Previous research provides a rich database for factors that make teaching
effective, such as high-quality learning tasks, effective feedback, and students’ actual time
on task. We suggest that similar factors are also critical when it comes to distance learning
(Muijs, 2021). Challenges include motivating students and providing feedback while schools
are closed. Advanced digitalization of schools seems to be a necessary precondition for
effective distance teaching and learning. School management may facilitate good teaching
by providing clear communication, reliable digital infrastructure, and resources that support
students’ learning regardless of their situation at home (Andrew et al., 2020).
Conclusions

The present cross-sectional study indicates a minor drop in the mean competence
scores of incoming fifth-graders after two months of closed schools in early 2020. These
results complement previous findings for intra-individual competence development, which
showed a stronger attenuation of competence levels during the first wave of the pandemic.
The present population data suggest that the overall efforts of teachers, students, and parents
throughout the pandemic-stricken school year might have mitigated the expectable
detrimental effects of school closing on student achievement to some degree. The findings
also provide a unique benchmark for future studies of educational disruption and school

lockdowns during further waves of the COVID-19 pandemic.
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Table 1.

Test Characteristics and Participation Rates for the “Lernstand 5 Assessment Across

Years.
Year 2015 2016 2017 2018 2019 2020
Number of items in the reading test 32 34 38 37 35 35
Number of items in the operations test 14 14 14 14 14 14
Number of items in the numbers test 14 14 14 14 14 14
Cronbach’s alpha for the reading test .86 L9 91 8 92 90

Cronbach’s alpha for the operations test .78 80 79 75 74 T8
Cronbach’s alpha for the numbers test 78 g1 0093 72 050 T2
Participation rate in reading (in %) 96.7 964 96.1 96.6 963 949
Participation rate in mathematics (in %) 96.5 96.5 96.1 96.6 96.2 94.6

Note: Participation rates denote the ratio of participating fifth-graders to the total number of
fifth-graders reported by schools each year.
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Table 2.
Descriptive Statistics for the Competence Assessment Across Years.
Year
Subject / Domain 2015 2016 2017 2018 2019 2020 2017-2019 d
German n 84894 83158 82958 84385 82519 81810 249862
Reading M 500 492 516 498 481 490 498 -0.07
SD 100 111 118 102 134 115 119
Mathematics n 84746 83290 83085 84404 82620 81550 250109
Operations M 500 487 494 498 493 485 495 -0.09
SD 100 116 112 95 91 112 100
Numbers M 500 511 515 511 511 509 512 -0.03
SD 100 101 88 86 95 92 90

Note: d = standardized difference between competence scores in the year 2020 and in the
three previous years (Cohen’s d).



STUDENT COMPETENCIES DURING THE COVID-19 PANDEMIC

Table 3.
Selected Percentiles for the Competence Distributions Across Years in Reading and

Mathematics (see Figure 1).

Year
Domain Percentile 2015 2016 2017 2018 2019 2020 2017-2019 A
Reading 5% 334 300 333 328 256 300 299 +1.3
25% 430 419 432 434 387 412 421 -9.1
50% 510 493 519 500 494 491 504 -124
75 % 560 571 600 567 577 570 579 -8.9
B % 660 665 709 667 690 672 688 -16.6
Operations 5% 328 303 310 341 342 301 329 -28.2
25% 436 408 419 441 432 408 431 -23.2
50% 500 476 503 495 493 476 496 -20.0
5% 576 567 566 566 556 562 563 -1.3
95 % 661 676 675 655 639 667 656 +11.4
Numbers 5% 336 338 367 367 351 357 361 4.7
25% 435 441 458 452 442 445 452 -7.1
50% 493 513 519 510 510 509 512 =34
5% 574 581 574 571 572 572 572 -0.2
B % 664 672 658 655 662 659 659 -0.1

Note: A denotes the difference between the percentile in 2020 and the corresponding
percentile in 2017 to 2019.
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Table 4.

31

Descriptive Statistics and Correlations for School Competence Scores, School Achievement

Change Scores §; (Pandemic Year 2020 Compared to the Three Previous Years) and School

Characteristics.
P
Variable M SD (1) 2) 3) 4) [©) (6) ) 8) 9) (10)
(1) Reading Comprehension (2017-2019) 502 68
(2) Operations (2017-2019) 498 52 98*
(3) Numbers (2017-2019) 515 44 .98 .99%
(4) Reading Comprehension (2020) 494 67 96* 95% 95%
(5) Operations (2020) 490 62 95% 95% 95% 95%
(6) Numbers (2020) 513 47 .94 .94% .94 .94% .96*
(7) 6; Reading Comprehension -7 19 —20%  —15% —15% .09* -.04 -.04
(8) 8; Operations -9 19 .36% 31* 35% A4% .59% .50% .26%
(9) 8; Numbers -2 14 .01 -.01 -.04 .10* 5% .30% .29% .50%*
(10) Migration background (in %) 27 19 =73*%  =T71*%  —69* -70* —68*% —65% 4% -22% 04
(11) Socio-Cultural Capital (1-6) 34 07 .93 91* 91* .90* .89% .88%  —13* 36% .04 -T71%

Note: * = p <.01; k = 1065 schools. Means and standard deviations were weighted by the

number of students participating in the 2020 assessment.
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Table 5.

Average School Scores Across Domains for Each Quartile of the Proportion of Students with
Migration Background and for Each Quartile of the Schools’ Mean Socio-Cultural Capital
(see Figure 2)

Migration Background Socio-Cultural Capital

Domain Quartile & 2017-2019 2020 2017-2019 2020

Reading 1 267 549 539 401 398
2 266 518 512 451 444
3 266 484 478 507 501
4 266 416 411 571 561
Operations 1 267 533 530 422 405
2 266 510 505 459 441
3 266 485 473 503 494
4 266 434 417 550 552
Numbers 1 267 544 543 451 450
2 266 524 522 481 475
3 266 504 501 518 516
4 266 461 459 559 559

Note: k = 1065 schools. Means were weighted by the number of students participating in the

2020 assessment.
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Figure 1.
Five Selected Percentiles for Each Tested Competence Domain Across Cohorts in the Years

before the Pandemic (2015-2019) and After the First Wave of the Pandemic (2020)
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Figure 2.
Average School Scores Across Domains for Each Quartile of the Proportion of Students

With Migration Background (Left) and for Each Quartile of the Schools’ Average Socio-

34

Cultural Capital (i.e., Number of Books at Home; Right).

Reading Comprehension

Migration Background

Socio-Cultural Capital

[}
cg — . =0~ 1st Quartile
8 500+
5 =4~ 2nd Quartile
8 —_— 3rd Quartile
g 4th Quartile
@)
400 - ——o
2017-2019 2020 2017-2019 2020
Cohort
Operations
Migration Background  Socio-Cultural Capital
550
o
o) o Group
O
cg 5004 — -e~ 1st Quartile
(8]
S =& 2nd Quartile
"g 450- \ 3rd Quartile
g 4th Quartile
O \
400 - T T T T
2017-2019 2020 2017-2019 2020
Cohort
Numbers
Migration Background  Socio-Cultural Capital
o
G 540+ o Group
cg — 4 -o— 1st Quartile
(8] -
c °10 —A- 2nd Quartile
® 3rd Quartile
g 480+ —— .
o 4th Quartile
@)
450 L T T T T
2017-2019 2020 2017-2019 2020
Cohort

Note. The average competence scores were weighted by the number of students
participating in the 2020 assessment.



