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Abstract 

 

The COVID-19 pandemic resulted in significant disruption in schooling 

worldwide. This paper uses global test score data to estimate learning losses. 

It models the effect of school closures on achievement by predicting the 

deviation of the most recent results from a linear trend using data from all 

rounds of the Programme for International Student Assessment. Scores 

declined by an average of 14 percent of a standard deviation, roughly equal 

to seven months of learning. Losses were greater for students in schools that 

faced relatively longer closures, boys, immigrants, and disadvantaged 

students. Educational losses may translate into significant national income 

losses over time. 
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1. Introduction 

Schools throughout the world closed in response to COVID-19 beginning in 2020. In 

some cases, they quickly reopened in 2021, but in some countries, they remained closed longer 

(Patrinos 2023). Globally, schools were closed for an average of 5.5 months (22 weeks) since 

the onset of the pandemic, equivalent to two-thirds of an academic year, when localized school 

closures are considered (UNESCO 2023a). The duration varies by region, from just one month 

in Oceania, to 2.5 months (10 weeks) in Europe, to as many as 5 months (20 weeks) in Latin 

America and the Caribbean. Early on, the school closures were expected to contribute to what 

was already described as a learning crisis (Angrist et al. 2021; World Bank 2017). 

Country studies show large losses (Alasino et al. 2024; Betthäuser et al. 2023; Carlana 

and La Ferrara 2023; Donnelly and Patrinos 2021; Engzell et al. 2021; Hammerstein et al. 

2021; Jack and Oster 2023; Jack et al 2022; Maldonado and De Witte 2022; Zierer 2021). On 

average, school closures induced by COVID-19 led to a learning loss of 0.17 of a standard 

deviation – that is, at least one-third of a year’s worth of learning (Patrinos et al. 2023). Distance 

learning during the school closures does not seem to have helped very much (Haelermans et 

al. 2022; Singh et al. 2022); only the duration of school closures led to variations. Most studies 

observe increases in inequality where certain demographics of students experienced learning 

losses that were more significant than others. These learning losses could translate to earnings 

losses and could cost this generation of students trillions of dollars (Psacharopoulos et al. 

2021). 

Also, global studies – that is, studies using data from international assessments where 

students in many countries take the same tests and under the same conditions, thus, making 

them comparable across country and time – document significant learning losses (Jakubowski 

et al 2023; Kennedy and Strietholt 2023). International reading scores declined an average of 
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33 percent of a standard deviation, equivalent to more than a year of schooling. Losses are 

greater for disadvantaged students, those struggling before the pandemic, and by duration. 

However, until now, there has only been one international student assessment. It covered only 

fourth grade students in just 55 countries. 

In this paper we examine the impact of schooling disruptions on student reading, 

mathematics, and science scores using large-scale, internationally comparable student 

achievement tests from the OECD’s Programme for International Student Assessment (PISA) 

study. These assessments are conducted every three years since 2000, with the latest 

implementation in 2022 collecting student results after the school closures caused by the 

COVID-19 pandemic. Overall, the data explored in this study represent 175 million 15-year-

old students in 72 countries. By combining data from previous rounds and the post-COVID 

round for countries that have over-time data, we can see the evolution of mathematics and 

science scores before and after COVID-19. We model the effect of closures on achievement 

by predicting the deviation of the most recent results from a linear trend in reading, 

mathematics, and science achievement. 

Our analysis reveals that school closures led to student learning losses when de-trending 

the losses to account for school closures. Math scores declined due to pandemic-era school 

closures from 2018 to 2022 by an average of 12 points, or 14 percent of a standard deviation 

(SD), roughly equivalent to seven months of learning. Larger declines are recorded for students 

in schools that faced relatively longer closures and for lower-achieving students. Countries 

with the shortest closures experienced relatively small losses, 10 percent of a SD, or equivalent 

to 5 months of learning. Countries with average length of school closures experienced losses 

of around 13 percent of a SD, or 7 months of learning. Countries with the longest closures 

experienced losses of around 20 percent of a SD, or up to 12 months of learning.  
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Depending on the closure length measure, each week of school closures was associated 

with 0.15-0.17 points or around 0.2 percent of a SD of additional decline in achievement for 

boys. At around 40 weeks of full school closures, the overall learning loss for boys is the same 

as for girls and increases for longer closures. Students with an immigrant background lost 0.33 

points or 0.4 percent of a SD with every week of full school closures and while in countries 

with shorter closures their learning loss was smaller, for countries with around 25 weeks of 

closures their learning loss is like the learning loss for natives, and it increases for longer 

closures. 

Additional analyses using quantile regressions reveal significant differences in the 

learning losses between students at different achievement levels, but also across countries that 

vary in the length of school closures. For countries with the average length of school closures 

the learning loss is similar for low-, average-, and high-achieving students. However, in 

countries with relatively short closures, the best students lost very little in terms of achievement 

and the decline is mostly observed among the average- and low-achieving students. In countries 

with longer closures, the learning loss is larger for the best students (see Gambi and De Witte 

2023 for similar findings in the case of Belgium). In countries with the longest closures, the 

low-achieving students lost around 16-17 points or 20% of a SD, while those at the top of 

achievement distribution lost 25 points or more (29 percent of a SD). 

These differences in learning loss at different achievement levels in countries with short 

and long closures can be associated with differences in the overall achievement in these 

countries. Correlating average achievement with the length of school closures reveals that 

countries with the longest closures are also countries with the lowest achievement in PISA, 

while countries at the top of the PISA rankings closed schools for much shorter periods, on 

average. There are larger losses among the lowest achieving students in countries with short 
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closures and high achievement, and larger losses among the highest achieving students in 

countries with long closures and low achievement. 

2. Data  

Internationally comparable achievement data in mathematics and science come from 

the OECD’s Programme for International Student Assessment (PISA). Since 2000, PISA was 

implemented every three years, with only a longer four-year break between 2018 and 2022 due 

to the pandemic. Databases include results of 15-year-olds coming from eight cycles of testing, 

including data from 100 countries and economies. We use data from 72 countries with results 

available at least from 2022 and one round of assessment before the pandemic. Our sample 

includes more than 3 million students participating in all rounds. 

PISA data include plausible values measuring mathematics achievement comparably 

across all rounds since 2003. For reading, the results can be compared across all PISA cycles 

since 2000. For science, achievement scores are comparable since 2006. Every PISA cycle has 

its main domain, which in practice means that students answer many more questions in this 

domain and their scores are more reliable than in other domains. The most recent round in 2022 

focused on mathematics. Mathematics was also the main domain in 2003 and in 2012, 

providing us with reliable data on long-term achievement trends in this domain. Thus, in our 

paper we focus on mathematics results, while we also discuss results for reading and science. 

Moreover, Goldhaber et al. (2023) demonstrate a much larger impact on math scores for 

students residing in high poverty areas. 

Summary statistics for student achievement and sample size across 2000 and 2022 are 

presented in Annex Table A1. These data differ from those presented in official PISA reports 

as we included only countries for which trends could be estimated. While scores in all domains 

tend to decline, these are not directly comparable since different countries participated in each 

round. The sample sizes also vary across domains as in different years results for some 

https://www.oecd.org/publication/pisa-2022-results/
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countries were withdrawn in single domains due to technical issues. Thus, the results cannot 

be simply compared across time to analyze achievement trends, and we propose a regression 

framework adjusting for time-invariant country characteristics and for country-specific time 

trends.  

PISA data also include detailed characteristics of students and their schools. We use 

information on gender, socioeconomic status, and immigrant background to explain differences 

in achievement scores, but also to control for possible changes in student samples across time. 

The PISA measure of socio-economic status (ESCS) is an index measuring student family 

economic, social, and cultural status. We use scores that were equated to 2015 to make them 

comparable across cycles. Descriptive statistics for these variables are presented in Annex 

Table A1. In the regressions, we use student-level variables as typical control variables but also 

country averages for every cycle to adjust for sample and population changes over time.  

Finally, we use information from students and principals to estimate length of school 

closures. In 2022, students and principals were asked for how long their schools were closed 

due to COVID-19. We recoded their responses to the number of weeks of school closures (see 

Annex Table A1). We also merge PISA data with information from UNESCO (2023b) on the 

total number of weeks schools were closed fully or partially. Since the pandemic began, 

UNESCO monitored school closures and modalities for delivery around the globe daily. 

Schools were considered fully closed in case of “government-mandated closures of educational 

institutions affecting most or all of the student population.” On the other hand, schools were 

considered partially open when: (a) open in certain regions and closed in others; and/or (b) 

open for some grades, levels, or age groups and closed for others; and/or (c) open with reduced 

in-person class time, combined with distance learning (UNESCO 2023c). 

Descriptive statistics for the four measures of the length of school closures caused by 

COVID-19 are provided in Table 1, while Annex Table A2 provides exact values on each 
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measure, sample size, and years covered for every country included in the analysis. All four 

measures are reported in weeks. All measures are correlated (from 0.6 to 0.8), but as the 

definitions and data collection modes vary, the actual numbers are different. None of the 

measures is perfect and can be taken as preferred over others. The length of full closures as 

reported by UNESCO is probably the best objective measure, but it limits comparisons to 

closures of all schools in the whole country, while many countries relatively quickly decided 

to close schools only when necessary. Also, it does not differentiate between levels of 

education even if in some countries decisions were different for primary and secondary 

education. The second measure from UNESCO includes partial closures but does not 

differentiate between weeks when only one school was closed in a country and weeks when, 

for example, most schools were closed. PISA-provided data reflect the intensity of closures in 

every country as they are calculated as the average across students and schools. However, these 

data are self-reported relying on people’s memory and their understanding of what school 

closure means. Also, student-provided information must be recalculated into weeks from 

categorical responses (see Annex Table A2 for details). Finally, while principals report closures 

for their schools, many students taking PISA in 2022 where in different schools during the 

pandemic, for example, in primary schools that could experience different closures. 

To make the results comparable across different measures of the length of school 

closures, we calculate the learning losses for the 10th, 25th, median, 75th, and 90th percentiles of 

each school closure measure. Thus, the results are reported for countries with very short, short, 

average, long, and very long school closures relatively in each of the four measures. Comparing 

estimates across school closure measures assures that our results are not driven by data sources 

or definitions. 
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Table 1. UNESCO and PISA measures of school closures (in weeks) 

 UNESCO PISA country average 

 Full closures Full and partial 

closures 

Student-provided 

length of closures 

Principal-provided 

length of closures 

Shortest (p10) 5 15 10.6 8.0 

Very short (p25) 9 29 16.1 13.7 

Average (p50) 14 38 21.5 17.9 

Long (p75) 20 54 29.5 29.0 

Longest (p90) 33 77 38.8 40.4 

 

3. Empirical Strategy  

We model the effect of the pandemic on student achievement by predicting the 

deviation of the most recent 2022 results from an estimated linear trend in mathematics, 

reading, and science achievement using comparable data from all PISA rounds, using the model 

estimated in Jakubowski et al. (2023). We estimate each country’s linear trend separately and 

include country-level fixed effects to control for unobserved time-invariant country 

characteristics. The linear regression model is: 

𝑌𝑖𝑗𝑘 = ∑ 𝛼𝑘
𝑛
𝑘=1 + ∑ 𝛽𝑘 ∗ 𝑡𝑖𝑚𝑒

𝑛
𝑘=1 + 𝜏𝐷2022 + 𝛾𝑋𝑖𝑗𝑘 + 𝜀𝑖𝑗𝑘          (1) 

 

where i denotes students, j schools, and k countries with n equal to the number of countries. In 

this case, D equals 1 for 2022 data collected after the pandemic and zero for previous years; 𝛽 

captures the impact of the pandemic on student achievement and 𝑋𝑖  is a vector of socio-

demographic variables at a student and country level (gender, socioeconomic status, immigrant 

background). In this case, 𝜏  is our estimate of interest capturing the average departure of 

achievement in 2022 from the long-term trends in different countries. 

Identification of the impact of the pandemic on achievement depends on the estimation 
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of achievement trends before the pandemic and the dependency of results on regression 

specifications. Thus, we perform multiple robustness checks. We first estimate equation (1) on 

the pooled data from all rounds of PISA with comparable achievement data (8 rounds for 

reading, 7 for mathematics, and 6 for science). Next, we test for non-linear trends using 

quadratic terms for time. Then, we re-estimate it for shorter periods deleting data from 2000, 

then from 2003 and 2006, and so on, leaving at the end the 2018 to 2022 comparison only. 

Moreover, we estimate results for the OECD countries only, and we use different weighting 

methods: one estimating results for the whole population of 15-year-olds in participating 

countries and then using the so-called senate weights which weight each country equally, which 

is standard approach in OECD reports (see, for example, OECD 2009). Finally, we try different 

regression specifications, including additional control variables. We compare these results to 

see if the main estimates of the learning loss are robust to different regression and sample 

specifications. 

The pandemic could affect students in different ways. Disruptions could affect health, 

economic, and social well-being. Thus, after estimating the overall effect of the pandemic on 

achievement, we use information on the number of weeks of school closures to show how 

achievement differs from the time trend depending on the country-average school closure 

duration. We estimate the following regression model: 

𝑌𝑖𝑗𝑘 = ∑ 𝛼𝑘
𝑛
𝑘=1 + ∑ 𝛽𝑘 ∗ 𝑡𝑖𝑚𝑒

𝑛
𝑘=1 + 𝜏𝐷2022 + 𝜋𝐷2022 ∗ 𝑤𝑒𝑒𝑘𝑠𝑘 + 𝛾𝑋𝑖𝑗𝑘 + 𝜀𝑖𝑗𝑘          (2) 

 

The model is specified as before, but the interaction term between a dummy denoting 2022 

data and a measure of the length of school closure in weeks provides an estimate of how the 

departure in 2022 depends on the length of closures. In this case, 𝜏 captures the departure of 

achievement in 2022 from country-specific time trends assuming no school closures. In a sense, 

it captures the impact of other factors than school closures that affected students during the 
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pandemic. We focus here on 𝜋, which captures the difference in achievement change per week 

of closures. 

As discussed in the data section, we use four measures of the length of school closures: 

(1) UNESCO full closures; (2) UNESCO full and partial closures; (3) PISA student reported 

closures; and (4) PISA principal reported closures. All are expressed in terms of weeks of 

school closures. We use 𝜏 and 𝜋 to calculate the learning loss for countries with shorter or 

longer school closures, comparing results at the percentiles of each school closure measure 

reported. 

This model can be further expanded to test for differences in the impact of the pandemic 

on boys with girls as a baseline, immigrant students with natives as a baseline, or students with 

different socioeconomic background. To achieve this, we add interaction terms between all 

variables in the regression model above and individual student characteristics. In this case, the 

estimated coefficient for the interaction between 𝐷2022 and a dummy for boys, for example, 

shows the differential impact of the pandemic on boys, after controlling for separate time trends 

by gender in each country. Moreover, the interaction term between a dummy for boys and 

𝐷2022 ∗ 𝑤𝑒𝑒𝑘𝑠𝑘 shows how boys were differently affected by weeks of school closures. 

Finally, we investigate heterogeneity in the impact of school closures by achievement 

level. Some country studies reported more significant losses among low-achieving students, 

while others showed similar losses across achievement spectrum. To check how globally 

learning losses vary among students of different proficiency, we re-estimate the main models 

using quantile regressions, fitting regressions to explain achievement trends for students at 

different percentiles of PISA scores. To deal with many dummy variables and interactions, we 

use recent implementations of fast quantile regression algorithms (Chernozhukov et al. 2022). 

PISA data are collected through a complex stratified survey with schools sampled as 

primary sampling units and students sampled at the second stage. We use the sets of replicate 
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balanced repeated replication (BRR) weights provided in the data to obtain sampling errors. In 

addition, we estimate measurement errors by estimating variation among point estimates 

obtained for different plausible values. As up to PISA 2018 databases contain only five 

plausible values and 10 since 2018, we use only the first five for 2018 and 2022 data. The final 

standard errors are obtained by the so-called Rubin’s formula, the same way as in the official 

OECD (2022) publication. 

4. Results 

The overall learning loss estimates are presented in Table 2 (column 1), along with 

estimates depending on weeks of closures for four different measures of the length of school 

closures (columns 2-5). The overall decline in mathematics associated with pandemic-era 

school closures is 12 points. In 2022, the average within-country SD of mathematics is 86.2. 

Thus, the decline in achievement is equal to 14.2 percent of a SD. Considering that one year of 

learning is equivalent to roughly 20 points on the PISA scale (Avvisati and Givord 2023), then 

this means that on average across around 70 countries students lost an equivalent of more than 

7 months of learning. 

Results in columns (2) to (5) show that one week of school closures is associated with 

an additional decline in student achievement. The estimates per week of closures vary across 

the measures of the length of closures and are not directly comparable as they reflect different 

definitions of closures. The clearest definition is the full closure defined by UNESCO; thus, 

this parameter (-0.44) will be used further to estimate the global welfare losses. We compare 

results calculating the learning loss for different percentiles of each measure of the length of 

closures. Figure 1 compares the estimated learning loss for the countries with the shortest (10th 

percentile of the length of closures in each of the four measures), short (25th), average (50th), 

long (75th) and the longest school closures (90th). 
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Table 2. Impact of Pandemic on Student Mathematics Achievement 

 
(1) (2) (3) (4) (5) 

Departure from linear trend 

in 2022 

 -12.20*** 

(0.43) 

 -5.27*** 

(0.79) 

-8.70*** 

(1.03) 

-4.74*** 

(1.14) 

-7.50*** 

(0.88) 

UNESCO: number of weeks 

with full closures 
 

-0.44*** 

(0.04) 
 

  

UNESCO: number of weeks 

with full or partial closures 
  

-0.08*** 

(0.02) 

  

PISA: country average 

student-provided number of 

weeks of closures 

   

-0.32*** 

(0.04) 

 

PISA: country average 

principal-provided number of 

weeks of closures 

   

 -0.21*** 

(0.03) 

Additional controls      

Individual level: gender, 

immigrant background, SES 
Yes Yes Yes Yes Yes 

Country average: gender, 

immigrant background, SES 
Yes Yes Yes Yes Yes 

• country fixed effects Yes Yes Yes Yes Yes 

• country*time Yes Yes Yes Yes Yes 

N 2,896,916 2,896,916 2,896,916 2,791,234 2,791,234 

Standard errors in parentheses. * p<0.05; ** p<0.01; *** p<0.001. Full results available in the Annex. 

 

Two things are worth noting when looking at the estimates in Figure 1. First, the 

learning losses increase with the length of school closures. This shows that the achievement 

decline is associated with school closures and not only the overall impact of the pandemic on 

students. Second, the four measures provide similar results when comparing relative standing 

of countries in terms of the length of school closures. Countries with the shortest closures 

experienced relatively small losses, 9%-12% of a SD, or to 4-6 months of learning. Countries 

with average length of school closures experienced losses of 13%-14% SD, or 7 months of 

learning. Countries with the longest closures, experienced losses of 17%-23% SD, or 9-12 

months of learning. 
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Figure 1. Learning loss depending on the length of school closures 

Learning loss by gender, immigrant background and achievement level 

The pandemic and school closures could affect students of different backgrounds 

differently. For example, differences in self-regulation, motivation, home and school support, 

gender, immigrant background, socioeconomic status, and achievement level could lead to 

differences in how students learned during the pandemic. We re-estimate the main models for 

the overall impact of the pandemic and for the effect of the length of school closures using 

weeks of full closures from UNESCO. To check if students of different background were 

differently affected, we first interact their characteristics the indicators capturing the departure 

from the linear time trend in 2022 and with the measures of school closures. To exclude 

potential differences in pre-pandemic trends, we also estimate separate trends by these 

characteristics in each country, in addition to controlling for individual and country-average 

effects of these indicators on achievement as in the previous regressions. 

While boys and immigrant students experienced a lower learning loss compared to girls 

and natives, nevertheless, longer school closures had a more negative effect on both groups 

(see Table 3). Depending on the closure length measure, each week of school closures was 

associated with 0.17 or 0.15 points of additional decline in achievement for boys. At around 

40 weeks of full school closures, the overall learning loss for boys is the same as for girls and 
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increases for longer closures. Students with an immigrant background lost 0.33 points with 

every week of full school closures and while in countries with shorter closures their learning 

loss was smaller, for countries with around 25 weeks of closures their learning loss is equal to 

that for natives, but it increases for longer closures. 

Table 3. Impact of Pandemic on Student Mathematics Achievement by gender and 

socioeconomic status 

 

Overall impact 

Impact by length 

of full school 

closures 

(UNESCO) 

Departure from linear trend in 2022 -14.20*** -10.00*** 

Departure from linear trend in 2022 for boys (girls=baseline) 4.18*** 6.83*** 

Departure from linear trend in 2022 for immigrant students 

(natives=baseline) 
4.98*** 8.00*** 

Departure from linear trend in 2022 for the slope of ESCS  2.62*** 3.78*** 

Change in the departure from linear trend in 2022 by:   

- Length of closures (in weeks)  -0.29*** 

- Length of closures*Boys  -0.17** 

- Length of closures*Immigrant  -0.33*** 

- Length of closures*ESCS slope  -0.12*** 

Additional controls   

Individual level: gender, immigrant background, SES Yes Yes 

Country average: gender, immigrant background, SES Yes Yes 

country fixed effects Yes Yes 

country*time Yes Yes 

Country*time*boys Yes Yes 

Country*time*immigrant Yes Yes 

Country*time*ESCS Yes Yes 

N 2,896,916 2,896,916 

 

After the pandemic, the relationship between achievement and student socioeconomic 

background became slightly stronger. The slope of the ESCS index measuring socioeconomic 

status in PISA increased by 2.62 points. In PISA 2012, the last time mathematics was the main 

domain before the pandemic, the OECD average slope was around 39 points. Thus, the 

pandemic increased socioeconomic inequality as measured by the ESCS regression slope by 

around 7 percent. On the other hand, every week of full school closures diminished this increase 
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by 0.12 points. It means that socioeconomic disparities increased only in countries with 

relatively short closures, below 22 weeks, and for countries with longer closures the pandemic 

decreased the relationship between socioeconomic background and mathematics achievement. 

Additional analyses using quantile regressions reveal significant differences in the 

learning losses between students at different achievement levels, but also across countries that 

vary in the length of school closures. As reported by the OECD, direct comparisons between 

PISA 2012 and 2022 results in mathematics show similar declines across the achievement 

spectrum (OECD 2023). Our quantile regression estimates presented in Figure 2 show that, 

indeed, for countries with the average length of school closures the learning loss is similar for 

low-, average-, and high-achieving students. However, in countries with relatively short 

closures, the best students lost very little in terms of achievement and the decline is mostly 

observed among the average- and low-achieving students. In countries with longer closures, 

the learning loss is larger for the best students. In countries with the longest closures the low-

achieving students lost around 16-17 points, while those at the top of achievement distribution 

lost 25 points or more. 
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Figure 2. Learning loss estimates depending on student achievement quantiles and the 

length of closures 

 

 

These differences in learning loss at different achievement quantiles in countries with 

short and long closures can be associated with differences in the overall achievement in these 

countries. Correlating average achievement with the length of school closures reveals that 

countries with the longest closures are also countries with the lowest achievement in PISA, 

while countries at the top of the PISA rankings closed schools for much shorter periods, on 

average. Thus, quantile regression estimates can be interpreted as showing larger losses among 

the lowest achieving students in countries with short closures and high achievement, similar 

losses across the achievement distribution in countries with the average length of closures, and 

larger losses among the highest achieving students in countries with very long closures and low 

achievement. In general, however, losses are greater for the lowest achievers. 

Results for reading and science 

In reading, the overall impact of the pandemic is similar to that for mathematics (Table 

4). Also, the effects associated with school closures tend to be similar. In science, the overall 
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effect of the pandemic is insignificant. The results for reading and science should be interpreted 

with caution. The negative trends in student achievement started before the pandemic. Thus, 

our identification strategy, which relies on stable long-term trends, cannot be applied without 

doubts to reading and science. Our robustness checks for reading and science results confirm 

that indeed in these two domains the time trends are not linear, and one cannot distinguish 

between the effects of the pandemic and the long-term decline in achievement. What causes 

these long-term declines is beyond the scope of this paper. We can only note that both reading 

and science were minor domains in PISA 2022, meaning the measurement of student 

achievement was less precise than in mathematics. 

Table 4. Impact of Pandemic on Student Reading and Science Achievement 

 Reading (2000 to 2022) Science (2006 to 2022) 

 
(1) (2) (3) (4) (5) (6) 

Departure from linear 

trend in 2022 

-12.10*** 

(0.43) 

-6.96*** 

(0.75) 

-8.43*** 

(1.10) 

-0.78 

(0.46) 

6.16*** 

(0.84) 

8.13*** 

(1.15) 

UNESCO: number of 

weeks with full closures 
 

-0.33*** 

(0.04)   

-0.44*** 

(0.04)  

PISA: country average 

student-provided number 

of weeks of closures   

-0.14*** 

(0.04)   

-0.38*** 

(0.04) 

Additional controls       

Individual level: gender, 

immigrant background, 

SES 

Yes Yes Yes Yes Yes Yes 

Country average: gender, 

immigrant background, 

SES 

Yes Yes Yes Yes Yes Yes 

• country fixed effects Yes Yes Yes Yes Yes Yes 

• country*time Yes Yes Yes Yes Yes Yes 

N 3,080,007 3,080,007 2,966,140 2,663,094 2,663,094 2,565,541 

Standard errors in parentheses. * p<0.05; ** p<0.01; *** p<0.001. Full results available in the Annex. 
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Robustness checks 

We check the robustness of our results in several ways. First, we run placebo tests by 

re-estimating the main regression model with a dummy variable capturing the departure from 

linear trends for every PISA cycle. These placebo effects should be insignificantly different 

from zero if our assumption of stable trends over time is valid. Figure 3 shows that although 

estimates for different years vary, representing small variation in results of different PISA 

rounds, only the departure in 2022 is substantial. This confirms two things. First, PISA results 

in mathematics were relatively stable before the pandemic. Second, the results in 2022 are 

distinct as they do not follow the average results from previous rounds.  

Figure 3. Departures from the time trend separately for each year of PISA assessment            

(95% confidence intervals) 

 

 

To further test the robustness of our results, we use different regression specifications, 

controlling or not for individual and country-average effects. The results were nearly identical, 
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demonstrating that the control variables included help to explain achievement variation but are 

not driving our results. Moreover, we estimated models with quadratic time trends, allowing 

for non-linear trends in achievement, and with different years dropped from the analyses. In 

both cases the results for mathematics did not change substantially. Finally, we re-estimated 

results with original survey weights representing the target populations of 15-year-olds in every 

country. These results show learning loss estimates for the global population represented by 

the PISA sample rather than for the average across countries. Again, the results were almost 

identical to those presented above using senate weights that give equal weight to every country 

(see Annex Table A3). For brevity, we present the main estimates only and descriptions of the 

regression model applied. Full results are available upon request from the authors. 

5. Global Economic Impact and the Need for Learning Recovery 

Our model predicts that every week of full school shutdown will result in a 0.44-point 

achievement decrease. Using the UNESCO database, we estimate that the average learning loss 

across all educational systems is approximately 9 points. The literature offers several estimates 

on how PISA scores translate to economic growth. Although the range of estimates available 

in the literature vary depending on the set of countries, estimation methods, and control 

variables, we used the coefficient of 1.74 (Hanushek and Woessmann 2010). The average loss 

of 9 points (9 percent of a SD) for 199 educations systems (recognized by the UNESCO school 

closure database) translates to an average of 0.15 percentage points of GDP growth losses, 

ranging from zero (if schools remained open) up to 0.57 points. This enormous GDP loss in 

nominal values using World Bank GDP 2021 data equals $17 trillion of economic loss. These 

estimates are similar to other studies (see, for example, Azevedo et al. 2021; Doty et al. 2022; 

Psacharopoulos et al. 2021). 

To avert some of these losses, then learning recovery is needed. There is some evidence 

of recovery from some countries, but the evidence is mixed (Jack et al. 2023; Singh et al. 2022), 



20 

 

there are even cases of further losses (Jack et al. 2023; Gambi and de Witte 2023). During the 

school closures, online tutoring programs were shown to reduce learning loss significantly in 

several randomized controlled trials (see, for example, Carlana and La Ferrara 2021; Gortazar 

et al. 2022). A large-scale randomized trial testing low-technology interventions – SMS 

messages and phone calls – with parents to support their child in Botswana improved learning 

by 0.12 standard deviation (Angrist et al. 2022). Even low-cost, low- technology interventions 

can recover learning losses in some cases (Angrist et al. 2023), but more intense instruction 

will be needed in others (Crawfurd et al. 2023). High dosage tutoring was shown to be effective 

even before the pandemic; online tutoring variants are just as effective and much less costly 

(Guryan and Ludwig 2023). 

Comparisons 

There are only two other international comparisons using global achievement data, both 

using PIRLS (Jakubowski et al. 2023; Kennedy and Strietholt 2023). For PIRLS, losses are 

about a year’s worth of learning. But using PISA, we find seven months’ worth of losses. This 

could be because more time has passed since the pandemic: PIRLS compared results over time 

to 2021, while PISA looked at results up to 2022. Also, PISA students are much older: 15 years 

compared to an average age of 10 for PIRLS. Studies investigating student self-regulation skills 

have shown that in general older students are better able to seek assistance, set goals, plan, 

monitor, and organize their learning. Hence, it may be that younger students and boys may be 

more strongly impacted by the school closures compared to older students (Schuurman et al. 

2023).  

In addition to the global studies, there are several national studies. Review of such 

studies find an average loss of 0.10 to 0.19 SD (Betthäuser et al. 2023; Di Pietro 2023; Donnelly 

and Patrinos 2021; Hammerstein et al. 2021; Patrinos et al. 2023; Storey and Zhang 2021; 

Zierer 2021). These losses are roughly to one-half school years’ worth of learning. A causal 
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estimate of the impact of duration of school closures finds that for every week that schools 

were closed, learning levels declined by almost 1% of a standard deviation (Patrinos 2023). 

6. Conclusions 

We estimate the global impact of COVID-19 on student learning on standardized tests over 

time. We model the effect of closures on achievement by predicting the deviation of the most 

recent results from a linear trend in mathematics and science achievement using data from all 

rounds. 

COVID-19-induced school closures led to significant student learning losses. Math scores 

declined from 2018 to 2022 by an average of 12 points, or 14 percent of a standard deviation 

(SD), roughly equivalent to seven months of learning. Larger declines are recorded for students 

in schools that faced relatively longer closures and for lower-achieving students. Countries 

with the shortest closures experienced relatively small losses, while countries with the longest 

closures experienced losses of around 20 percent of a SD, or up to 12 months of learning. 

Depending on the closure length measure, each week of school closures was associated with 

0.15-0.17 points or around 0.2 percent of a SD of additional decline in achievement for boys. 

At around 40 weeks of full school closures, the overall learning loss for boys is the same as for 

girls and increases for longer closures. Students with an immigrant background lost 0.33 points 

or 0.4 percent of a SD with every week of full school closures and while in countries with 

shorter closures their learning loss was smaller, for countries with around 25 weeks of closures 

their learning loss is like the learning loss for natives, and it increases for longer closures. 

Distributional analyses reveal significant differences in the learning losses between 

students at different achievement levels, but also across countries that vary in the length of 

school closures. For countries with the average length of school closures the learning loss is 

similar for low-, average-, and high-achieving students. However, in countries with relatively 

short closures, the best students lost very little in terms of achievement and the decline is mostly 
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observed among the average- and low-achieving students. In countries with longer closures, 

the learning loss is larger for the best students. 

These differences in learning loss at different achievement quantiles in countries with short 

and long closures can be associated with differences in the overall achievement in these 

countries. Correlating average achievement with the length of school closures reveals that 

countries with the longest closures are also countries with the lowest achievement in PISA, 

while countries at the top of the PISA rankings closed schools for much shorter periods, on 

average. There are larger losses among the lowest achieving students in countries with short 

closures and high achievement, and larger losses among the highest achieving students in 

countries with long closures and low achievement. 
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Annex Table A1. Average achievement and sample size for PISA domains and cycles 

Year Mathematics Reading Science 

 score n score n score N 

2000   474.0 218241   

2003 489.5 256810 485.6 256810   

2006 473.2 367519 467.1 361908 479.2 367519 

2009 472.2 425564 470.9 425564 477.9 425564 

2012 471.9 453363 473.4 453363 478.3 453363 

2015 465.0 439102 466.1 439102 470.0 439102 

2018 457.7 550004 453.3 520059 457.3 550004 

2022 446.5 561540 443.7 565420 455.5 561540 

Source: Own analysis of PISA microdata. 
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Annex Table A2. School closure duration for each country 

 UNESCO PISA country average 

Country Full Full and partial closures Student-provided length of closures Principal-provided length of closures 

ALB 11 29 21.1 11.3 

ARE 18 66 37.8 15.5 

ARG 22 82 40.0 27.2 

AUS 0 46 18.5 9.8 

AUT 15 39 18.2 10.2 

BEL 9 29 17.4 7.5 

BGR 18 48 17.8 12.8 

BRA 38 79 46.5 36.3 

BRN 24 37 20.0 21.2 

CAN 13 52 21.9 12.4 

CHE 6 6 10.6 6.7 

CHL 14 69 33.0 26.7 

COL 23 77 43.0 36.1 

CRI 43 82 44.6 19.2 

CZE 20 46 28.7 24.5 

DEU 14 38 25.8 13.1 

DNK 8 35 . . 

DOM 33 55 30.0 26.5 

ESP 10 15 16.4 8.7 

EST 15 26 18.6 12.5 

FIN 8 33 12.4 5.4 

FRA 7 12 12.7 7.7 

GBR 16 27 27.5 13.0 

GEO 19 35 25.3 14.6 

GRC 18 37 24.6 16.9 

HKG 9 30 21.5 10.6 

HRV 8 10 11.7 11.4 

HUN 20 39 17.5 20.7 

IDN 20 92 37.9 35.8 

IRL 22 26 30.3 11.9 

ISL 0 6 6.4 0.5 

ISR 16 33 19.9 10.0 

ITA 13 38 24.5 17.5 

JOR 44 54 38.8 28.5 

JPN 3 11 7.5 5.0 

KAZ 9 52 28.0 18.4 

KOR 11 79 9.0 4.2 

KSV 28 28 17.8 8.2 

LTU 10 38 16.1 8.4 

LVA 16 49 34.2 17.8 

MAC 9 30 13.8 13.9 

MAR 17 37 20.7 12.4 

MDA 16 16 14.6 11.6 

MEX 53 81 41.5 45.9 

MKD 20 54 34.4 21.7 

MLT 18 21 20.6 9.8 

MNE 19 55 22.0 12.6 

MYS 42 69 31.7 18.3 

NLD 12 31 22.4 7.1 

NOR 5 29 . . 

NZL 8 27 14.5 8.3 

PAN 55 87 39.4 39.3 

PER 34 77 41.7 43.8 

PHL 75 76 37.7 32.9 

POL 26 44 24.5 19.8 

PRT 12 24 15.7 12.8 

QAT 25 60 27.0 10.7 

QAZ 29 49 33.6 23.7 

ROU 22 36 21.6 20.1 

SAU 50 68 33.5 19.6 

SGP 4 16 . . 

SRB 28 49 13.5 9.7 

SVK 10 38 23.4 24.6 

SVN 21 47 19.6 19.5 

SWE 0 24 7.1 1.3 

TAP 9 30 5.5 5.7 

THA 16 69 19.6 21.1 

TUR 28 49 35.5 28.8 

URY 10 40 20.3 14.1 

USA 0 77 29.5 11.9 

VNM 7 46 15.4 15.7 
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Annex Table A3. Results for robustness checks 

Different regression specifications 

No controls 

Individual 

controls 

only 

Quadratic 

time trend 

Total 

population 

weights 

Departure from linear trend in 2022 

-14.64 

(0.49) 

-10.40 

(0.41) 

-12.02 

(1.00) 

-11.55 

(0.85) 

Quadratic time trend No No Yes No 

Survey weights representing global population 

of 15-year-olds instead of country averages 
No No No Yes 

Additional controls     

Individual level: gender, immigrant 

background, SES 
No Yes Yes Yes 

Country average: gender, immigrant 

background, SES 
No No Yes Yes 

• country fixed effects Yes Yes Yes Yes 

• country*time Yes Yes Yes Yes 

N 3,053,902 2,896,916 2,896,916 2,896,916 

 

Different time periods 2006-2022 2009-2022 2012-2022 2015-2022 

Departure from linear trend in 2022 

-12.27 

(0.43) 

-12.50 

(0.46) 

-12.94 

(0.59) 

-16.13 

(0.81) 

Additional controls     

Individual level: gender, immigrant 

background, SES Yes Yes Yes Yes 

Country average: gender, immigrant 

background, SES Yes Yes Yes Yes 

• country fixed effects Yes Yes Yes Yes 

• country*time Yes Yes Yes Yes 

N 2,648,214 2,291,150 1,876,969 1,443,203 

Standard errors in parentheses. * p<0.05; ** p<0.01; *** p<0.001. Full results available in the Annex. 


