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School closures during the first wave of the COVID-19 pandemic in early 2020 were associated with attenuated learning gains compared to pre-pandemic years. In Germany, two further pandemic waves led to school closures and periods of remote learning between December 2020 and May 2021. The present study investigates the academic achievement of all incoming fifth-graders in the federal state of Baden-Württemberg before and during the pandemic, using educational large-scale assessment results in reading and mathematics. Each year, the assessments took place at the beginning of the school year in September (each n > 84,000). The comparison of average competence levels in 2021 with pre-pandemic years (2017–2019) indicates that the downward trend that was observed after the first pandemic wave in 2020 came to a halt in the domain of reading and continued at a slower rate in the domain of mathematical operations. Achievements in the mathematical domain of numbers even rebounded to pre-pandemic levels. Longer periods of school closures were associated with larger learning losses. Additional analyses showed larger learning losses for the group of low-achieving students and for schools with less socio-cultural capital. The partial rebound of learning outcomes suggests that most teachers and students successfully adapted to the pandemic situation in 2021. Still, disadvantaged student groups are at high risk of further substantial learning losses due to school closures that may negatively affect their future education. Accordingly, disadvantaged student groups in particular should receive additional support to compensate for the loss of learning opportunities in the classroom.
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INTRODUCTION

The worldwide COVID-19 pandemic had a severe impact on formal education. Schools were closed repeatedly to prevent infections and to effectively mitigate the spread of SARS-CoV-2 (Mendez-Brito et al., 2021; see Isphording et al., 2021, for compensatory effects of mandatory virus testing and mask-wearing). School closures disrupted learning fundamentally. The switch to remote teaching and learning was a challenge for teachers, students, and their families. On average, students spent less time learning and reported more distractions (Huber and Helm, 2020). The corresponding learning loss during the first pandemic wave has been summarized by several systematic reviews and meta-analyses (De Witte and Smet, 2021; Donnelly and Patrinos, 2021; Hammerstein et al., 2021; Panagouli et al., 2021; Zierer, 2021). Standardized learning losses were typically smaller in native language domains such as reading than in mathematics (e.g., Zierer, 2021, reported d2020–pre = –0.10 in reading compared to d2020–pre = –0.17 in mathematics). Students from disadvantaged backgrounds tended to have the largest learning deficits (Hammerstein et al., 2021). The present study uses data from educational large-scale assessments to extend our understanding of the learning gains and losses associated with school closures during the COVID-19 pandemic.

After the first pandemic wave in spring 2020, most schools resumed in-person learning. However, subsequent pandemic waves followed in most countries (including Germany) in late 2020 and early 2021. Again, school closures were among the instruments to reduce the spread of COVID-19 infections, despite the risk of further learning losses. Remote learning became once more an obstacle for learning that was particularly detrimental for the cognitive and socio-emotional development of students from disadvantaged backgrounds (Werner and Woessmann, 2021). The present study is based on data from Baden-Württemberg where the measures consisted of additional days off (no formal teaching), hybrid learning (e.g., in-person learning during the first half of the week and remote learning during the second half of the week; teaching half of the class in person and half of the class online), and remote learning (e.g., online teaching; self-administered work sheets). There were 5 weeks during which the learning mode depended on the local incidence of infections. This lead to a different number of days with in-person learning between schools depending on their location.

The focus of the present study is on academic achievement in terms of basic reading and mathematical competencies, because these competencies are crucial for learning in other domains and for future educational attainment. Understanding the learning gains and learning losses related to the measures to cope with the pandemic situation in educational institutions can help school management and policy makers weigh the benefits and disadvantages of specific learning modes (e.g., in-person, hybrid, and remote) from pedagogical, economical, and epidemiological perspectives.

The worst-case scenario would be a cumulative learning loss due to repeated school closures. Just as additional years of education tend to improve students’ cognitive abilities (Ritchie and Tucker-Drob, 2018), a prolonged absence of regular schooling can have a negative impact on individuals and society as a whole (Azevedo et al., 2021). More realistically, however, survey studies suggest a qualitative difference between learning during the first pandemic wave in spring 2020 and learning during subsequent waves. In spring 2020, regular in-person learning was disrupted abruptly. Teachers and students were often unprepared to switch to digital devices for communication and learning at that point (Schneider et al., 2021). The ministry of education in Baden-Württemberg distributed the learning management system Moodle to its more than 4,000 schools at short notice in March 2020. Moodle (along with other online learning tools that were introduced eventually) assisted with remote learning but was new to many teachers at first. Thus, it was often challenging for teachers and students to profit from the possibilities of this software before technical issues were solved and in-service training for the software was rolled out. By the time wave two and wave three led to school closures, technical infrastructure and workflows in the (virtual) classroom had improved, fostering remote learning. Teachers in Germany reported that they were better prepared and equipped for remote teaching in late 2020 and early 2021, being able to offer more joint virtual lessons, more assignments, and more feedback (Werner and Woessmann, 2021). When teachers and students were equipped to handle remote and hybrid learning, learning outcomes suffered less from school closures. Extended periods of in-person learning between school lockdowns after the first pandemic wave could have further helped to catch up on missed lessons. German students also reported to have spent more time on average with learning activities during the second school lockdown (4.6 h per workday) than during the first school lockdown (3.7 h per workday). Still, learning time was well below pre-pandemic levels (7.5 h per workday), in particular for low-achieving students (Werner and Woessmann, 2021).

Some studies already addressed the effects of repeated school closures on students’ academic achievement. In a large United States sample, the academic achievement of students in primary and secondary schools declined after each period of school closures (Kuhfeld et al., 2022). For example, fifth-graders had lower test scores in fall 2021 than in fall 2019 (reading d2021–2019 = –0.15, mathematics d2021–2019 = –0.25, each year’s n > 450,000; Kuhfeld et al., 2022). Another United States study reports a slight learning rebound in winter 2020 (n > 1.5 million; see Renaissance Learning, 2021). A third study linked reduced pass rates in standardized tests to longer periods of remote learning in some US states than in others with shorter periods of remote learning (Halloran et al., 2021). Educational large-scale assessments from Belgium suggest additional learning losses in reading (about 70% of the initial learning loss in spring 2020), but not in mathematics (each year’s n > 35,000; Gambi and DeWitte, 2021). Dutch data from about a third of the country’s schools suggests that some of the learning losses had been compensated by subsequent in-person classes after two school lockdowns, especially in reading (d2021–2019 = –0.07, mathematics d2021–2019 = –0.10; Haelermans et al., 2021; see also Engzell et al., 2021). In Denmark, where primary schools were closed for just 3 weeks during the first wave and for 5 weeks during the second wave, recent test scores in reading and mathematics were actually above pre-pandemic levels (each year’s n > 200,000; Birkelund and Karlson, 2021).

The heterogeneous pattern of initial findings reflects differences regarding the length of school closures and the amount as well as the quality of remote teaching (between regions but also between subjects and grades). Also, each study design of the studies listed above has its strengths and weaknesses. Sample composition and attrition can be a major issue when participation in the tests is voluntary (e.g., Gambi and DeWitte, 2021). In the largest study so far, based on several million United States students, the 2020/21 samples were about 20% smaller than the pre-pandemic 2018/19 samples. In Denmark, whole student population cohorts were tested, but the most recent assessments in 2021 took place about 2 months later than in pre-pandemic school years (Birkelund and Karlson, 2021). This can bias learning loss estimates, because learning gains are not spread equally (i.e., linearly) across the (school) year. Finally, studies using a regression approach with dummy variables that indicate assessments after school closures rely on point estimates of students’ ability (e.g., Birkelund and Karlson, 2021; Gambi and DeWitte, 2021; Haelermans et al., 2021). Depending on the estimation procedure, the variance of point estimates tends to be too large or too small. In order to achieve unbiased variance estimates, plausible values can be used (Wu, 2005).

The present study provides insights from one of the largest educational assessments in Germany that continued basically undisrupted throughout the COVID-19 pandemic. The state-wide tests in Baden-Württemberg were administered every year in September to the population cohort of incoming fifth-graders at the beginning of German secondary school. Because taking part in the test was mandatory for all schools and students, there was no sampling bias and only negligible attrition (e.g., due to illness-related absence of students). There were no differences in the general testing procedure across the years and no other confounders in terms of pandemic restrictions (e.g., no distance learning at the time when the assessment took place). Previous findings from 2020 suggest that students’ competencies were on average lower after the first school lockdown in 2020 compared to the pre-pandemic years 2017–2019 (reading: d2020–pre = –0.07; mathematical operations: d2020–pre = –0.09; numbers: d2020–pre = –0.03; see Schult et al., 2022).

According to the theoretical framework of Huber and Helm (2020), students’ academic achievement is the result of instruction and learning processes, which in turn are influenced by students’ families and peers, their personalities, their teachers and schools as well as system-level settings. Accordingly, we focus on two important context variables at the school level that are known to be related to student achievement, namely prevalence of migration background and socio-cultural school characteristics (e.g., Kempert et al., 2016). At the school-system level, we also investigate the effects of the duration of school closures measured by days without in-person learning (with a similar approach like Halloran et al., 2021). Building on the work of Schult et al. (2022) to further investigate the long-term effects of school closures and their impact on learning outcomes based on standardized assessment data, we aimed to answer the following three research questions. While the first two questions pertain to the level of individual students, the third question pertains to school level data.

RQ1: Do the competencies of incoming fifth-graders in reading and mathematics in September 2021 (i.e., 18 months into the pandemic) show an additive learning loss (after repeated school lockdowns), an attenuated learning loss, or a rebound as compared to September 2020 (i.e., 6 months into the pandemic) and to pre-pandemic levels?

RQ2: Do high-, average-, and low-achieving student groups differ in terms of learning gains and learning losses 18 months into the pandemic?

RQ3: Do student performance levels before and after the school lockdowns relate to school characteristics (i.e., days without in-person learning, prevalence of students with migration background and socio-cultural capital)?



MATERIALS AND METHODS


Study Design

The present study is based on “Lernstand 5,” a mandatory large-scale assessment that is administered in the German federal state Baden-Württemberg at the beginning of each school year. Local legislation mandates the tests for all incoming fifth-graders in public schools (n > 80,000; see Table 1 for sample details across the years and subject domains). “Lernstand 5” consists of competence tests in German and mathematics that assess competencies that students should have acquired in primary school (i.e., in grades 1–4) and also offers (optional) tailored material for teachers to best support students’ learning (Schult and Wagner, 2021; Schult et al., 2022).


TABLE 1. Descriptive statistics for the competence assessment across years.
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Teachers administered the standardized paper-and-pencil tests to their classes during the second and third week of the school year in late September. Teachers graded the tests according to standardized instructions and submitted the results to a website that gave them instant feedback regarding the performance of students in their class. Students who were absent on the day of testing (e.g., due to illness) were excluded from the assessment. Participation rates in 2021 (reading: 95.5%, mathematics: 95.4%) were only slightly lower than in pre-pandemic years (>96.0%), but higher than in 2020 (after the first pandemic wave; reading: 94.9%, mathematics: 94.6%; see Table 2).


TABLE 2. Psychometric properties of the competence assessments and participation rates.
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Third- and fourth-graders in Baden-Württemberg missed a total of 10 weeks of in-person learning due to school closures during the first pandemic wave in spring 2020. During subsequent waves, in-person learning was partially suspended from December 16, 2020 to March 14, 2021 (including five additional days off before Christmas), and again from April 12 until May 21, 2021. In total, there were 7 weeks of remote learning, 3 weeks of hybrid learning, and 5 weeks during which the learning mode was determined by the local infection rates: Classes received hybrid teaching in districts that had moderate infection rates while schools in districts with high infection rates had to switch to 100% remote learning1. Figure 1 shows the mandated learning mode for each school day of the school year 2020/21 (separately for each of Baden-Württemberg’s 44 districts). On average across all investigated schools, this corresponds to approximately 13 weeks of school absence (i.e., 65 out of 192 school days2).
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FIGURE 1. Learning Modes for Each School Day (columns) During the School Year 2020/21 for Grade 4 According to Regulations and Local Incidence Rates in Each of Baden-Württemberg’s 44 Districts (rows).




Instruments and Measures


The “Lernstand 5” Assessment

The reading test consisted of four texts. Students had 50 min to read the texts and answer the items. The items assess reading processes such as retrieving explicitly stated information, making inferences, interpreting ideas, and evaluating content and textual elements (Fischer et al., 2017).

The mathematics test assessed students’ competencies in operations and numbers (each 20 min). The operations domain pertains to applying and combining arithmetic processes (ranging from understanding simple operations in clear situations to multistep operations in problem solving tasks). The numbers domain pertains to competencies that are often formed in grades 1 and 2, already, such as understanding, interpreting, and applying different representations (numeric, verbal, and figural) of natural numbers (up to one million; Schulz et al., 2017; Schult and Lindner, 2019). Psychometric properties of the assessments from 2017 to 2021 such as number of items and reliability estimates are presented in Table 2.

Each test was Rasch scaled (de Ayala, 2009) using item difficulty parameter estimates that were obtained through pilot studies. The pilot studies contained new items for the upcoming tests along with a set of linking items which are kept constant between the years. We normed the first “Lernstand 5” in 2015 to have a mean of 500 and a standard deviation of 100 in each domain. Further details regarding the instruments and their scaling can be found in Schult et al. (2022).



Determination of School Closure

The number of school days without in-person learning was estimated for the schools within each of Baden-Württemberg’s 44 districts (“Landkreise”) based on the federal and state regulations that applied to the district in question (see Figure 1). In periods of hybrid learning, we counted each day as 0.5 days of remote learning to account for the regular alternation between remote learning and learning in school for half of a class, as it was practiced in most of the schools. Additional closures of particular schools depended on instructions from the local health authorities (e.g., in case of local school outbreaks of COVID-19).



Migration Background at the School Level

The definition of migration background in the current study corresponds to having a foreign nationality, having a foreign place of birth, or speaking a different language than German at home. Official school statistics provided the proportion of students with migration background as a school level variable. To obtain an estimate of the migration background prevalence at each school, the proportions of students with migration background for grades 5–7 of the school year 2019/20 were averaged (Cronbach’s alpha = 0.95).



Socio-Cultural Capital at the School Level

The socio-cultural capital at the school level was indicated by the average number of books at students’ homes. This information was given by eighth-graders in March 2019 and March 2020 during the VERA 8 assessment (r2019,2020 = 0.88; for study details see Schult and Wagner, 2020). Students could choose one of six responses: 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.”




Data Analysis

First, we estimated each student’s ability. Mean competence scores were then computed for each cohort. To investigate the extent to which students’ academic achievement changed and how it has progressed after 18 months into the pandemic (RQ1), the mean competence scores at the population level (in reading comprehension, operations, and numbers) from 2021 were compared with the pooled score means from 2017–2019 and the score means from 2020. Pooling three recent pre-pandemic years smooths out year-specific fluctuations (due to slight cohort or test differences); this procedure is in line with, for example, Engzell et al. (2021). Score differences were quantified by the effect size Cohen’s d.

Second, we computed the population percentiles at 5, 25, 50, 75, and 95% for each cohort using the individual ability estimates. The percentiles from 2021 were compared with the corresponding percentiles from 2017–2019 and 2020 to evaluate how the high-, average-, and low-achieving student group performance was affected at different times during the pandemic as compared to pre-pandemic levels (RQ2).

Third, the analysis switched to the school level to answer RQ3. For each school, we averaged the students’ ability score estimates for reading comprehension, mathematical operations, and numbers. Schools’ mean ability scores were then correlated with the duration of school closures, the proportion of students with migration background, and students’ average socio-cultural capital. Given the correlations between the school characteristics, we also performed a multivariate analysis: The learning loss at the school level was regressed on the number of days without in-person learning, using migration background, socio-cultural capital, and pre-pandemic achievement as control variables. The dependent variable learning loss was computed by subtracting the schools’ pre-pandemic mean score (2017 through 2019) from the schools’ 2021 mean score. The independent variables have been empirically and theoretically linked to learning slides during the pandemic (e.g., Halloran et al., 2021; Haelermans et al., 2022; Kuhfeld et al., 2022). Pre-pandemic achievement was also used as control variable because initial findings suggested that low-performing student groups were more likely to accumulate learning backlogs during periods of school closure (Engzell et al., 2021). While this model omits other potentially important variables that may have affected students’ learning losses, the analysis provides a glimpse into the interplay of learning loss, school characteristics, and length of school closures.

In order to further investigate the role of school characteristics, schools were split into four equally large groups using the quartiles of migration background and socio-cultural capital, respectively. The average student achievement was calculated within each quartile group. Due to administrative changes and the unclear school track information in the 2017–2019 cohorts k = 174 schools had to be excluded from the school-level analysis, leaving k = 1055 schools for the analyses that were conducted to answer RQ3.

The present analysis uses plausible values (k = 10) as ability estimates in order to obtain unbiased variances (Wu, 2005). Statistical significance testing was not performed, because the data consist of full population cohorts. All analyses were run in R 4.0.4 (R R Core Team, 2021) using the packages eatRep (Weirich et al., 2021), ggplot2 (Wickham, 2016), mitools (Lumley, 2019), plyr (Wickham, 2011), tidyr (Wickham, 2021), and TAM (Robitzsch et al., 2021).




RESULTS


Research Question 1: Mean Cohort Differences (Student-Level Data)

Descriptive statistics are listed in Table 1 for the pre-pandemic comparison group (2017–2019), the 2020 cohort (after the first wave of COVID-19), and the 2021 cohort (after the third wave). The standardized mean differences between the 2021 cohort and the pre-pandemic cohorts were negative for reading (d2021–pre = –0.02) and for operations (d2021–pre = –0.13), indicating attenuated achievements 18 months into the pandemic. We found no difference for numbers (d2021–pre = 0.00). The standardized mean differences between the 2021 cohort and the 2020 cohort were positive for reading (d2021–2020 = 0.05) and for numbers (d2021–2020 = 0.03), but negative for operations (d2021–2020 = –0.03). This corresponds to an average (partial) rebound in reading and numbers as well as to further learning loss in operations across all investigated students (RQ1).



Research Question 2: Differences Depending on Achievement Levels (Student-Level Data)

The 5, 25, 50, 75, and 95% population percentiles for 2017–2019, 2020, and 2021 are shown in Figure 2 (see also Table 3). The median achievements in 2021 and the median pre-pandemic achievements (2017–2019) show a similar pattern like the arithmetic means. For students at the 75% percentiles, we find an indication of a rebound in 2021, whereas students at the 25% percentiles show a slight downward trend. Student at the 95% percentiles (i.e., the points above which the best five percent of students scored) also slightly shifted downward. However, students at the 5% percentiles show a pronounced achievement drop in each of the three domains. This low-achieving group scored between 5 (numbers) and 23 points (operations) less after the school closures during the first three pandemic waves as compared to the low-achieving group in the pre-pandemic cohorts. Low-achieving students’ learning therefore seems to be particularly negatively affected by the pandemic situation and phases of remote learning (RQ2).
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FIGURE 2. Five Selected Percentiles for the Cohorts in the Years before the Pandemic (2017–2019), After the First Wave of the Pandemic (2020), and After the Third Wave of the Pandemic (2021).



TABLE 3. Selected percentiles for the competence distributions across years in reading and mathematics (see Figure 2).

[image: Table 3]


Research Question 3: Relations Between Learning Loss, Duration of School Closures and School Characteristics (School-Level Data)

On average in Baden-Württemberg, fourth-graders had 65 regular school days without in-person learning in their classes during the school year 2020/21. While some districts had to close schools for up to 71.5 days, other schools were somewhat less affected by pandemic containment measures (with a minimum of 54.5 days without in-person learning; median = 65.5 days). At the school level, the present data show that learning losses after three pandemic waves in 2021 were weakly associated with the number of days without in-person learning (–0.13 ≤ r ≤ –0.07; see Table 4). However, the linear regressions with learning loss across the three tested domains as the dependent variables and days without in-person learning, migration background, socio-cultural capital and pre-pandemic achievement as independent variables show that each day of school closure was associated with an average learning loss of –0.38 and –0.35 unstandardized points in reading and mathematical operations, respectively, and –0.14 unstandardized points in the domain of numbers (RQ3; see Table 5).


TABLE 4. Descriptive statistics and correlation matrix for schools’ average achievement scores, achievement change scores δ2021−⁣−pre (2021 compared to the three pre-pandemic years 2017–2019), and school characteristics.
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TABLE 5. linear regressions of achievement change scores δ2021−−pre (2021 compared to the three pre-pandemic years 2017–2019) on length of school closure, school characteristics, and previous achievement.

[image: Table 5]
Differential learning losses were also weakly associated with the estimated proportion of students with migration background at the school (–0.18 ≤ r ≤ –0.02), and with students’ average socio-cultural capital (0.04 ≤ r ≤ 0.28; see Table 4). Students in schools that are already disadvantaged regarding their social background tended to exhibit larger learning losses in mathematics than their peers in schools with higher average socio-cultural capital (RQ3). The achievement means for each quartile of the background variables are illustrated in Figure 3. The differential learning loss in reading was very small (up to 2 points difference between quartiles) but larger in mathematics (between 6 and 11 points difference between quartiles; see Table 6 for quartile means).
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FIGURE 3. Average School Scores for Each Quartile of the Proportion of Students With Migration Background (Left) and for Each Quartile of the Schools’ Average Socio-Cultural Capital (i.e., Number of Books at Home; Right). Means were weighted by school size.



TABLE 6. Average school scores for each quartile of the proportion of students with migration background and for each quartile of the schools’ mean socio-cultural capital (see Figure 3).
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DISCUSSION

Eighteen months into the COVID-19 pandemic, long-term consequences of repeated school closures for learning start to emerge. The present study analyzed the competencies of population cohorts of incoming fifth-graders in a German federal state. A downward trend appeared after the first pandemic wave and long school closures in summer 2020 (see Schult et al., 2022). One year later, reading competencies had improved slightly but did not reach pre-pandemic levels. Average competencies in the domain of mathematical operations got slightly worse whereas competencies in the domain of numbers returned to pre-pandemic levels (RQ1), despite further periods of remote and hybrid learning. The effect sizes are smaller than the results reported by Kuhfeld et al. (2022) in the respective grades and subjects for very large United States samples.

To put the learning loss into perspective, one needs an estimate of the annual learning gains during a regular school year. While United States data from the last century report annual learning gains of d = 0.40 in reading and d = 0.56 in mathematics (in grade 4; Bloom et al., 2008), more recent German data suggest learning gains of d = 0.61 in reading and d = 0.71 in mathematics (Schult et al., 2022). The extrapolation of learning loss associated with summer break slides and long-term absenteeism provides estimates of how much students would learn if pandemic school closures had similar effects: For grade 4, there would be 37–80% of the learning gains expected for a typical school year in reading and 67–82% in mathematics (see Kuhfeld et al., 2020; Table 5). Combining these values yields expected annual learning losses of –0.08 > d > –0.38 in reading and –0.10 > d > –0.23 in mathematics. The observed learning loss in the present study is much smaller than these pessimistic estimates. Also, the observed learning loss in the second year (2021) was smaller compared to the first year (2020), even reverting the negative trend in the reading and numbers assessment.

The partial rebound of students’ achievement is in line with international findings from spring 2021 (e.g., Gambi and DeWitte, 2021; Haelermans et al., 2021). Both students and teachers had more experience with digital tools for remote learning and teaching after the first period of school closures in spring 2020. The teacher-driven adaptation during the school year 2020/21 helped students acquire basic competencies in reading and mathematics (Hattie, 2021). Additional informal online learning also yielded learning gains (e.g., Spitzer and Musslick, 2021).

Yet, not all students succeeded in adapting to the new circumstances. Technological barriers such as lack of appropriate digital devices and lack of a proper learning environment at home made it difficult to participate in remote learning, especially for disadvantaged and low-achieving students (Huber and Helm, 2020; Werner and Woessmann, 2021). In the present analysis, low-achieving students had the largest learning losses over the course of the pandemic whereas the high-achieving students even exhibited learning gains (i.e., the best 5 percent of students in mathematics; RQ2).

In addition to these findings on the level of individual student data, the present study also provides insights on the school-level. Due to the differential length of school closures in the school year 2020/2021 across Baden-Württemberg, we could show that schools in districts with longer periods of school closures had (on average) larger learning losses than schools in districts with shorter periods of school closures. This result remains robust after controlling for confounding variables such as pre-pandemic achievement level and social-cultural background of students. Furthermore, we found that schools with a large proportion of students with migration background and with lower average socio-cultural capital, respectively, had larger average losses than other schools (RQ3). The correlations were rather weak, suggesting that other factors play a more important role in whether students’ learning was successful during the pandemic. In line with our findings, economically disadvantaged students and students with migration background in Netherlands were shown to have a larger average learning loss than their peers, as well (Haelermans et al., 2022).


Practical Implications

According to our interpretation, the partial rebound in students’ achievements suggests that teachers did a tremendous job during the second pandemic school year, juggling technology, learning, and often additional home schooling in their own family (see Hattie, 2021). Teacher surveys indicate that the majority of teachers increased their engagement in order to cope with the challenges of remote learning during school closures (Hilger et al., 2021; Jelińska and Paradowski, 2021; Trust and Whalen, 2021). Yet, there are other factors that could have been responsible for this finding. The efforts of students and their families likely played a crucial role during school closures. Successful remote learning during the COVID-19 pandemic also depends on students’ motivation and parental involvement (e.g., Weber et al., 2021).

Our data suggest that remote learning succeeded in teaching most students basic competencies in reading and mathematics that are crucial for their subsequent education. The main challenge after school closures is to ensure that low-achieving students and other at-risk students receive adequate support. Tailored coaching and tutoring seems to be necessary to make up for lost learning in groups of disadvantaged students. Educational assessments such as “Lernstand 5” at the beginning of secondary school can help to quickly identify individual students that need additional support.

Due to the pronounced learning loss of low-achieving students, remedial actions aimed at these at-risk students are advisable. However, despite many justified worries regarding the pandemic effects on the young generation, the fear of a lost generation of students appears to be unfounded based on achievement data in our and similar studies (e.g., Haelermans et al., 2021). The partial reversal of the initial downward trends suggests that early projections of substantial economic losses in the future due to school closures may have been too pessimistic (e.g., Azevedo et al., 2021).

Of course, schools are a place for learning not just reading and mathematics. It is probably easier to deal with mathematical problems remotely than it is to deal with socio-emotional problems. Remote learning can be perceived as less communal as it provides less direct communication and less informal conversations and actions. Furthermore, some students were not able or willing to even join online classes remotely (Werner and Woessmann, 2021). Therefore, the development of students’ well-being and social skills remains an important research topic. In light of these survey findings, schools might need to catch up on social events maybe even more urgently than on learning loss.



Strengths and Limitations

The majority of learning loss studies reports regression coefficients based on point estimates (e.g., Engzell et al., 2021; Haelermans et al., 2021), using samples with unclear selection processes due to voluntary participation or online access at school (e.g., Gambi and DeWitte, 2021; Kuhfeld et al., 2022). To augment the evidence for learning losses and learning gains during the pandemic, the present study presents one of the most complete cohort profiles of annual achievement. With an attrition rate of less than 1%, there is little room for selection bias in the study design. Established competence tests yielded reliable and valid achievement estimates (e.g., Schult and Lindner, 2019). Ceiling and bottom effects in the ability estimates were avoided by using plausible values, the same approach as the Programme for International Student Assessment (PISA). School context variables provided additional insights regarding students’ competencies before and during the pandemic. The findings were further validated by the school-level analysis of the relation between learning loss and length of school closure. In-person learning was associated with attenuated learning loss even after controlling for background variables such as socio-cultural capital and pre-pandemic achievement. Still, given that learning modes differed between schools (only) for up to 5 weeks, extrapolating these findings might be inappropriate.

The current analysis is based on the population of all incoming fifth-graders in Baden-Württemberg in Germany. However, the focus on one grade cohort is a limitation of the present study. Studies with additional grades (Haelermans et al., 2021; Kuhfeld et al., 2022) indicate that lower and higher grades differ slightly in terms of learning losses, although there seems to be no clear pattern across grades and subject domains. Due to legal restrictions, the “Lernstand 5” assessment has to be parsimonious with regard to personal information. On the student level, the assessment does not include personal identifiers, individual student context variables, and longitudinal measures. Thus, our data did not allow to identify individual student characteristics that were associated with individual learning gains throughout a school year and/or across years.

While large-scale assessments provide a clear picture of learning outcomes in main subjects, empirical studies of competencies in other subjects are at best scarce. In Germany, physical education and music lessons were, for example, suspended for prolonged periods and took place online and infrequently during the pandemic (Gunzenhauser and Saalbach, 2021). It is therefore possible that learning losses in these domains are substantially larger than in the main subjects.

A final limitation is the lack of information on learning processes as the assessments focus on learning outcomes after 4 years of elementary school. With insights from other studies of teacher and student behavior during the pandemic, conjectures can be made. Metacognitive skills and intrinsic motivation facilitate learning in general and even more in remote online settings (De Witte and Smet, 2021). This might explain why high-performing students suffered almost no learning loss (RQ2). Socially disadvantaged students spent less time learning during school closures and they were less likely to have access to digital learning infrastructure (Werner and Woessmann, 2021). This might explain why schools with less socio-cultural capital suffered larger learning losses (even after controlling for other confounding factors; RQ3). Of course, the pandemic affected more than just education. Pandemic-induced changes in the family environment, economic and health-related worries along with other pandemic circumstances could also have had an effect on learning that does not depend on whether learning takes place in-person or remotely. Again, we can merely provide educated conjectures regarding the processes behind the learning slides. Still, the present findings provide an important piece of knowledge in the theoretical framework of successful learning during the pandemic (see also Huber and Helm, 2020).



Conclusion

While in-person learning apparently remains the most beneficial type of learning in terms of cognitive achievement, our data indicate that teachers and students were better able to compensate for potential negative consequences of school closures during the second and third COVID-19 wave than during the first months of the pandemic in 2020. Overall, the learning losses we found appear to be less severe than initially feared (Azevedo et al., 2021), highlighting the resilience of the school system. However, the negative consequences of school closures seemed to hit disadvantaged and low-achieving student groups particularly hard. With regard to social equity, it seems therefore recommendable to make keeping schools open a priority in the overall pandemic management and to increase efforts to support the at-risk student groups in particular.
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FOOTNOTES

1 The exact regulations changed almost every week. Information from the Baden-Württemberg Ministry of Education regarding the regulations is archived at https://km-bw.de/infoschreiben-archiv-corona. The Federal Statistics Office provides incidence rates from infas 360 and the Robert Koch Institute at https://www.corona-daten-deutschland.de/dataset/infektionen.

2 During the school year 2020/21, schools had 4 days off on days of their choice (“bewegliche Ferientage”). Assuming that schools usually take these days off before Christmas or in February, the estimated length of school absence is reduced to 61 (of 188) school days.
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Numbers 5% 361 357 357 —4.7 +0.0 —4.7
25% 452 445 445 —-74 —-0.4 — 7.5
50% 512 509 513 —-3.4 +4.1 +0.7
75% 572 572 579 -02 +7.1 +6.9
95% 659 659 671 —-041 +12.4 +12.3

Aoo2o—pre denotes the difference between the percentile in 2020 (after the first pandemic wave) and the corresponding percentile in the pre-pandemic
cohorts 2017 to 2019. Aop21—2020 denotes the difference between the percentile in 2021 (after three pandemic waves) and the corresponding percentile in 2020.





