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Abstract

Almost two years after the largest disruption of education in history, the
question remains as to whether, and to what extent, school outcomes are re-
silient and inequality persists. To answer these questions, this paper exploits
a unique panel data-set with standardised test scores and administrative data
pertaining to the last year of primary education in the Flemish region of Bel-
gium. For the subjects of native language (Dutch), math, science, social sci-
ence and foreign language (French), exactly the same standardised tests were
administered in 2019 (pre-pandemic), 2020 and 2021. Our empirical specifi-
cation captures (un)observed heterogeneity at school level, a time trend, and
time-varying control variables. The resilience in school outcomes differs per
subject as we observe additional attainment deficits in the Dutch and French
language one year after the pandemic. For math, the impact of the COVID-19
school closures is halted, but not reversed yet. For science, students in the
2021 cohort have started catching up (though insignificantly) with previous
cohorts, while the 2021 test scores improved significantly for social sciences.
Notwithstanding the halted attainment deficits in math in 2021, a quantile
analysis suggests that the math test scores of the best-performing students in
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a school (i.e., quantile 70 to 95) have significantly declined, while those of low-
performing students seem to have slightly improved (though insignificantly).
One year after the COVID-19 school closures, the inequality within schools
seems to have increased in the Dutch language and decreased in mathemat-
ics. Further, the findings suggest that targeted remedial actions (in particular
summer schools), which were mainly focusing on the most vulnerable students,
were successful in halting attainment deficits. However, further policy atten-
tion should also be given to the best-performing students, who seem to fall
behind one year after the pandemic.

Keywords: COVID-19; School closures; Attainment deficits; Educational attainment; Standard-

ised tests

JEL-classification: I21, I24

Declarations of interest: none.

1 Introduction

Almost two years after the outbreak of the COVID-19 pandemic, which has caused the largest

disruption to education imparted in school in history (UN, 2020), attainment deficits and increased

educational inequality are high on the policy agenda.1 As a result, there are growing number of

studies that have collected and analysed test scores of students in the aftermath of the COVID-19

crisis. Overall, the available evidence suggests that there is an increase in the inequality within

and between schools, and attainment deficits in comparison to learning outcomes before the school

closures (see review by Patrinos & Donnelly, 2021). In particular, educational attainment has been

found to be significantly lower when measured through tests that were administered in June 2020,

immediately after the first period of school closures (in Belgium, Maldonado & De Witte (2021);

in the Netherlands, Engzell et al. (2021) and Haelermans et al. (2021b); in the UK, Blainey et al.

(2020); in the USA, Kogan & Lavertu (2021)). Although some studies did not observe changes in

test scores (e.g. in France, for sixth-grade students in French and mathematics (OECD, 2021); in the

USA, among grade 3-8 students in reading outcomes (Kuhfeld et al., 2020); in Australia, among

primary school students (Gore et al., 2021)), also after the 2020 summer break, most estimated

effects were still significantly negative (in the USA, Domingue et al. (2021) and Pier et al. (2021);

in the UK, Rose et al. (2021); in Germany, Schult et al. (2021) and Depping et al. (2021)). The

achievement deficits in the aftermath of the school closures are worrisome as lower test outcomes

1The literature uses multiple terms to indicate the lost progress of student learning due to
the COVID-19 school closures. Next to ’attainments deficits’, terminology as ’learning loss’, ’slow
down in student learning’, ’lack of student progress’, or ’shortfall in education outcomes’ is used.
Throughout this paper we use ’attainment deficits’.
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have been linked to reduced human capital formation which, in turn, can translate into long-

term challenges. For example, human capital formation has been associated with annual lifetime

earnings (Chetty et al., 2014), future earnings (Psacharopoulos et al., 2020), employment (Currie &

Thomas, 2001), and general prosperity (Hanushek & Woessmann, 2020). However, these troubling

expectations only hold in the absence of resilience of school outcomes and, hence, to the extent that

the attainment deficits are not caught-up. This paper sheds light on this question by examining

how the learning outcomes of students and inequality within schools evolved one year after the

school closures.

As there are two different mechanisms at work, it is unclear whether and to what extent the

lower test scores due to the disruption of schooling will be reversed one year after the start of the

pandemic. On the one hand, theoretical models (e.g., Agostinelli et al., 2020) suggest that poorer

levels of knowledge and skills might accumulate over time. In the absence of remedial actions,

attainment deficits and inequality between students is predicted to increase. Second, empirical

evidence suggests that school outcomes are not as resilient as often hoped for. For instance, earlier

disruptions of schooling have been shown to have long term impacts (Belot & Webbink, 2010; Jaume

& Willén, 2019). Third, the heterogeneous psychological impact on students might also result in

hampered learning in the year after the school closures. Although students with personality traits

of high conscientiousness and openness might have benefited from the remote learning, students

with high extraversion and neuroticism are expected to decrease their school results (Iterbeke &

De Witte, 2021). Finally, the year after the initial (long term) school closures was characterized

by (national and local) disruptions in schooling; the use of face masks that reduced the ability of

students and teachers to communicate, interpret, and mimic the expressions (Spitzer, 2020); and

lower well-being of children.

On the other hand, some of the mechanisms resulting in the initial attainment deficits simply

vanished once schools reopened. First, the lack of peer effects (i.e. students from different so-

cioeconomic status (SES) groups mixing at school) has been shown as an important channel of

attainment deficits (Agostinelli et al., 2020). Second, lower learning outcomes of students were

linked to reduced instruction time that was not fully compensated by remote teaching (Di Pietro

et al., 2020). Moreover, remote teaching during the pandemic has been shown to have a lower effec-

tiveness (Lichand et al., 2021). These two mechanisms disappeared once schools reopened. Third,

acting in the same direction, thanks to significant policy attention and investments (De Witte &

Smet, 2021), attainment deficits might have been mitigated. Multiple countries invested signifi-

cantly in evidence-based interventions such as summer schools, (private or small group) tutoring,

focus on the core curriculum, accelerated learning, ICT equipment or mentoring. Fourth, students

that took a test in June 2020 were unlikely to have reached the same level of preparation as students

that were in the same grade in 2019. This is different for students taking the test in June 2021,
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who might even be better prepared than normally as many outside school activities were cancelled

due to (national) restrictions and, consequently, more instruction time was available in 2021 than

in other years. Finally, during the school disruptions in the school year 2020-2021 (i.e. the second

and third pandemic waves), teachers and schools were better prepared for remote teaching, and

providing online feedback such that these school closures might not have further hampered student

learning.

The empirical literature analysing the effects on test outcomes one year after the COVID-19 school

closures is still limited. So far, only a few studies have addressed this issue. In the Netherlands,

Haelermans et al. (2021a) found that the initial attainment deficits had been partly caught up by

March 2021. Nonetheless, there were still observed shortfalls amounting to 0.17 standard deviations

(SD) for reading, 0.14 SD for mathematics, and 0.08 SD for spelling as compared to tests in March

2020. In England, analysing data from the summer of 2021, Blainey & Hannay (2021) observed

decreasing but remaining shortfalls in mathematics and especially in the English language, and

further increases in inequality. Further, Blainey & Hannay (2021) showed that, except for younger

students, attainment in reading was close to pre-pandemic levels. In the Czech Republic, test

scores in the Czech language and mathematics from the same tests performed in 2020 and 2021

show that pupils in fifth grade lost the equivalent of about 3 months of learning since the start of the

pandemic (PAQ Research, 2021). In Italy, after observing a positive trend in test scores until 2019,

the National Institute for the Educational Evaluation of Instruction and Training (INVALSI)2

observed similar results in primary schools for both mathematics and Italian language, in 2021,

with test scores that are mostly unchanged in comparison to 2019 (INVALSI, 2021a).3 Similarly,

in Australia, the first evidence from the Naplan data administered in May 2021 suggested that

students performed similar to the test conducted in 2019 (ACARA, 2021). Yet, it should be noted

that Australian educational attainments had been improving significantly (e.g., 0.4 SD for reading

in grade 3, in the period 2008-2019) since the beginning of the Naplan tests (ACARA, 2019).

Finally, public schools in Maryland, USA, recorded a drop in students’ performances in math and

literacy among all grades at the end of the 2020-2021 school year compared to 2018-2019. Among

fifth graders, a 23.5 percentage point decrease in the number of students meeting the standards was

found for literacy, while a decrease 25.8 percentage points was found for math (MCPS, 2021).

Given the conflicting mechanisms and the contradictory early evidence, from a policy point of view,

assessing the impact of the school closures one year later represents a fundamental step to inform the

implementation of (further) adequate remedial measures. For example, a recent survey responded

2INVALSI yearly assesses students’ educational achievement in mathematics and reading at
different stages in the educational system. In primary school, tests are administered at the end of
the second and fifth grade.

3Differently, results in secondary schools for both math and Italian language showed a decline
of 10 percentage points compared to 2018-2019 school year (INVALSI, 2021b).
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by 142 Ministries of Education around the world found that 1 in every 3 countries have not taken

measures to provide the needed support to students to catch up on their educational attainment

after the school closures (UNESCO et al., 2021), while other countries already undertook significant

policy actions (De Witte & Smet, 2021).

This paper focuses on a unique data-set comprising of administrative data and standardised tests in

grade 6 of primary education in the Flemish region of Belgium, which makes it an interesting region

to study because of several reasons. First, the comparison of standardised test scores collected

in June 2020 with earlier standardised tests suggested significant attainment deficits in multiple

subjects (Maldonado & De Witte, 2021). Given the potential accumulation of attainment deficits,

it is relevant to see how the test scores changed. Second, students in primary school went back

to full-time face-to-face education in the school year 2020/2021, with ’only’ two weeks of extra

school closures taken throughout the whole year. Given that in most countries there were longer

additional schooling disruptions, the ‘one-year later effect’ observed in Flanders serves as a lower

bound on attainment deficits for other education systems. Third, exactly the same standardised

tests were administered in 2019, 2020 and 2021. As a result, this increases the internal validity

of the analysis. The data are available for multiple subjects, i.e. mathematics, native language

(Dutch), sciences, social sciences and foreign language (French). Fourth, even before the pandemic,

the Flemish education system was characterised by a significant inequality in test scores (Franck

& Nicaise, 2018). Maldonado & De Witte (2021) show that inequality within and between schools

further increased due to school closures. In the aftermath of the first wave of school closures, multiple

remedial policy interventions targeting the most vulnerable students (e.g. tutoring, summer schools)

have been taken, potentially impacting test score inequality. Finally, we have unique panel data for

Flanders allowing for an empirical specification that uses a school fixed effects regression analysis,

hence controlling for (un)observed time invariant school characteristics. The data are available at

both school and pupil level, and are augmented with administrative data as well as standardised

tests since the school year 2015/2016. In the empirical specification, we also include a time trend

capturing the steady decline of Flemish students’ performances in international tests (e.g. PIRLS,

PISA, TIMSS).4 Multiple robustness tests, including coarsened exact matching, show the robustness

of the results.

The results indicate significant attainment deficits since the start of the pandemic. In all subjects,

except for social science, we observe lower student test scores after the pandemic than before.

Moreover, the estimates provide a mixed picture of the resilience of student test scores one year

after the long term COVID-19 school closures. The significant attainment deficits stopped for

math, while the test scores cautiously started improving for science and significantly improved

4In this respect, thanks to the additional data wave, the empirical strategy in the present paper
differs from Maldonado & De Witte (2021) as it includes school fixed effects and a time trend.
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for social sciences. For the Dutch and French language, the attainment deficit further deepened

in 2021. In spite of the overall halting in attainment deficits in math in 2021, using a quantile

analysis we find that the math test scores of the best-performing students (i.e., quantile 70 to 95)

have significantly declined, while those of low-performing students seem to have slightly improved

(though not significantly). For the Dutch language, all students, irrespective of the test score

quantile, increased in 2021 their attainment deficits. Further, the results suggested that the test

score inequality rose for the Dutch language in 2021, and decreased for math. When considering

marginal effects based on socioeconomic indicators, we find that attainment deficits increased for

those schools that count more students with low educated mothers, while lower average decreases

in attainment (though insignificant) are found for schools with students from a more disadvantaged

neighbourhood. Finally, with respect to the impact of remedial actions, our results suggest that,

despite evidence that summer schools were established in the most disadvantaged areas, in areas

with summer schools the attainment deficits in both the Dutch language and mathematics were

halted in 2021 as compared to 2020, contrary to areas without summer schools.

The paper unfolds as follows: Section 2 presents the setting, while Section 3 describes the standard-

ised test and administrative data. After outlying the applied empirical specification, we present the

main results for education attainments and inequality. Section 6 discusses the marginal effects, and

the results from a quantile analysis. We conclude with multiple robustness tests and a conclusion.

2 Setting

2.1 The Flemish education system

This paper focuses on primary education in the Flemish region of Belgium. Primary education

lasts for 6 years (from age 6 to 12) after which students move on to secondary education (from

age 12 to 18). The language used as a medium of instruction is Dutch, while French is taught as

the first foreign language beginning from grade 5 of primary school. In the Flemish community

of Belgium, not only do schools enjoy a high degree of autonomy, but also children (and their

parents) have full freedom to choose any primary or secondary school (i.e. there are no catchment

areas). In this heterogeneous educational landscape, the network of Catholic schools (Katholiek

Onderwijs Vlaanderen) is publicly funded, but privately-run, and it is the largest education provider

in Flanders. It attracts a slightly more advantaged student population (Cherchye et al., 2010).

Although there are no central examinations organised at the national level, the network of Catholic

schools administers standardised test every year to students in grade 6. These tests allow schools to

self-evaluate their student’s performances and are part of the network’s internal quality assessment.

As a result, the test outcomes are not shared with the general public or central government (see
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section 2.2). Since 2016, a downward trend has been observed in the results for reading compre-

hension in grade 4 of Flemish primary schools, as measured by the international study of reading

achievement PIRLS (Dockx et al., 2019). The negative trend in attainment carries on in secondary

school as also confirmed by the OECD’s Programme for International Student Assessment (PISA),

whose 2018 assessment found the test scores of 15-year-old students in Flanders to be declining in

all subjects (reading, mathematics and science) (PISA, 2018).

2.2 Education during the COVID-19 pandemic

In an attempt to slow down the spread of the COVID-19 virus, all Flemish primary and secondary

schools were closed for a total of nine weeks during the first wave of the pandemic in the Spring

of 2020. In particular, schools were closed from March 16, 2020 to May 15, 2020. As the school

closure came as a surprise for all stakeholders and as the initial aim was to reopen schools after

only a short closure, schools were advised to only review previously taught material during the first

three weeks of the school closures. This period of rehearsing materials was followed by two weeks

of the Easter holidays. Soon it became clear that schools would be closed for a longer period than

initially expected. Therefore, in the next four weeks, schools were asked to start ‘pre-teaching’,

i.e. covering new material in remote teaching that was planned to be taught again as soon as

schools reopened. From May 15 onward, grades 1, 2 and 6 of primary education and the last year of

secondary education were allowed to partially reopen. Students in grade 6 were allowed to attend

school for a maximum of two full days, or four half-days per week, while remote teaching was kept

on days when students had to stay at home. Furthermore, the maximum number of students per

class was limited to fourteen, which caused most classes to split into two groups. For the other

grades, remote teaching continued until June 8, such that for those students schools were closed for

a total of 12 weeks. From June 8, all classes of primary education were allowed to reopen full-time

until the start of the summer break on July 1 (Chenier et al., 2021; Maldonado & De Witte, 2021).

During the first period of school closures, which corresponds to about a third of a traditional school

year, education was severely disrupted as the Flemish education system was poorly prepared for

remote teaching. Despite the availability of ICT in schools, teachers were rarely integrating ICT in

their pre-pandemic courses. Followed by this, they participated in fewer ICT-related professional

development initiatives. Additionally, computer-assisted instruction methods were also uncommon.

Before the crisis, the education inspectorate reported after inspection that the majority of the

schools had an insufficient ICT strategy (De Witte, 2021). Although broadband coverage is very

high in Flanders, particularly students with a vulnerable background could not be reached. More-

over, the same student group also lacked a dedicated quiet area for studying and were also subject

to lower levels of parental involvement. Furthermore, during the period of ’pre-teaching’, it was

asked to limit the instruction time to half hours of a normal school day. This potentially slowed
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down the learning progress (Di Pietro et al., 2020).

After two months of summer break, the 2020-2021 school year started in relatively normal condi-

tions on September 1. Flemish primary schools were allowed to reopen with full-time face-to-face

education which was kept almost unchanged throughout the year. During the second and third

wave of the COVID-19 pandemic, schools were closed twice for a short period of time: one week

in November (in the week before the traditional Autumn break) and one week in April (in the

week before the traditional Easter holidays). Yet, some anomalies compared to the usual teaching

conditions were in place, possibly influencing the didactic process. Until Easter 2021, face masks

were mandatory in the fifth and sixth grades of primary education once infection was detected.

After Easter 2021, face masks became mandatory for all students in the fifth and sixth grades.

Once a cluster of infections was detected, some classes and schools were also placed in quarantine.

Moreover, all activities outside school were forbidden until June 2021, resulting in more instruction

time.

To tackle the potentially negative consequences of the COVID-19 school closures, the Flemish

government responded with a series of targeted remedial actions both during the school year and

during the summer holidays (a more detailed overview of the policy responses in terms of additional

education funding allocated in Belgium and other European countries can be found in De Witte &

Smet (2021)). With respect to the former, additional funding was devoted to ICT, hiring and/or

training teachers, and counselling and/or assistance for students. With respect to the latter, during

the 2020 summer break, 138 fully subsidized summer schools were organised by local authorities

and several education providers (schools, school communities and other education stakeholders).

Summer schools targeted mainly low SES students, who were taught at 226 different locations for

at least 10 full days (or 20 half days) in small classes of maximum 14 students. About 7,500 students

participated in a summer school. The summer schools aimed at mitigating the attainment deficits,

and preparing pupils for the 2020-2021 school year. The majority of summer schools took place

during the last three weeks of August 2020, and were offered to students from primary education

(Verachtert et al., 2020).5

3 Data

The analysis relies on a panel data-set covering a seven years period from 2015 to 2021.6 The

data-set combines: (1) data on standardised tests that are administered every year in June by

the network of catholic schools in Flanders (Katholiek Onderwijs Vlaanderen), in the last year of

5Six out of ten summer schools hosted only students from primary schools, while 18% of the
summer schools focused on both primary and secondary education students (Verachtert et al., 2020).

6In the remainder of the paper, we refer to 2015 to indicate school year 2015-2016, and so on.
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primary school (grade 6); and (2) administrative data comprising several school characteristics.

3.1 Standardised tests

We observe student test scores at the individual level. We use both individual-level data, as well

as aggregation at the school level. Because of organisational reasons, not all subjects were yearly

tested since 2015.7 The subjects ‘mathematics’ and (native) language (Dutch) were tested in all

seven years under consideration.8 The subjects science and social sciences were added to the tests

in 2016, while the subject ‘French’ (second language) was introduced for the first time in 2019. In

some years, exactly the same test was administered. In particular, four different test versions were

administered since 2015: a test version in 2015, a different test version in 2016, the same test in

2017 and 2018, and the same test in 2019 and 2020. With a specific eye on the research question

of the present paper, in 2021, both a new test version and the same 2019/2020 test version were

administered in 64% of all participating schools. Thanks to schools taking both tests, we could

equate the new 2021 test to the test taken in 2019 and 2020 (see section 4.2 for more details).

To allow for a comparison across time and with other literature, the test score variable has been

normalized to mean 0 and standard deviation 1, per test version.9 The standardisation per test

allows estimates to be interpreted as the percentage of standard deviation. Given the different test

versions, the results compare three time periods for the analysis: 2019-2021 (i.e. using only data

from exactly the same or equated test), 2017-2021 (i.e. two different test versions) and 2015-2021

(i.e. four different test versions).10

Using the standardised tests as base, we constructed indicators for the inequality within schools.

Using the individual-level data, we measure inequality within schools as the Gini coefficient and

the spread between the 90 to 10 percentiles of the distribution of students. The Gini coefficient

measures the inequality among values of the distribution of test scores, and it ranges between 0

(perfect equality) and 1 (maximal unequal distribution of test scores). While the Gini coefficient

summarises the entire test scores distribution, the Ratio of 90/10 takes the ratio of scores at two

7The data is available for several subjects, each focusing on a number of sub-contents: Math-
ematics (focus on rounding; arithmetic; geometry), Dutch language (focus on reading comprehen-
sion), Science (focus on technology), Social Science (focus on Time) and French (focus on listening
and reading comprehension).

8It is impossible to distinguish sub-subjects, such as algebra or geometry for mathematics;
grammar, spelling or reading for language.

9Standard deviation (SD) is a measure of variability in educational attainments. Approximately
68 % of test scores are expected to fall between minus one and plus one SD around the mean.

10Unfortunately, standardised tests in grade 4 were not administered in school years 2019 and
2020, thus not allowing us to account for previous knowledge of the 2021 cohort. Therefore, and
contrary to Maldonado & De Witte (2021), we do not include grade 4 tests in the analysis.
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points in the distribution, i.e. the ratio of the top 10% of test scores (decile 10) to the lowest 10%

of scores (decile 1).

3.2 Administrative data

The test score data is enriched with administrative data on school characteristics, characteristics

of students in grade 6, and teachers’ characteristics. The former data correspond to variables that

earlier literature has found to have an impact on student performance. It includes the number of

students enrolled in the school (as a proxy for school size), the share of girls, special needs education,

the share of students with special needs, and indicators of socioeconomic status (SES) of the student

(neighbourhood, mother’s education and language spoken at home). As the standardised tests are

administered in grade 6, we also add administrative data for this specific student population. In

particular, we include information on the share of girls, the share of grade 6 students with grade

repetition, the share of grade 6 students retaking grade 6 (i.e., as a proxy for the rehearsal effect

of the test) and SES indicators for grade 6 students. The teachers’ characteristics comprise the

number of teachers in the school, and the share of teachers older than 50 years (as a proxy for

increased risk for COVID-19 related diseases).

3.3 Sample and attrition

As participation in the standardised tests is voluntary for schools, the number of schools that

takes the test varies each year. This results in an unbalanced panel structure. As shown in Table

1, with the exception of 2020, on an average there are about 35,000 students and 1,100 schools

taking the test every year. This corresponds to about 85% of the catholic schools participating in

the standardised tests. Despite the large majority participation of Catholic schools in the tests,

the voluntary participation might result in selection effects of schools. Appendix A compares the

school characteristics of those schools that participated in the tests for at least one subject and those

schools of the same school network that did not participate in the test. The descriptive statistics

in Appendix A confirm that the participating schools have a more advantaged student population

in terms of neighbourhood of residence and mother education, and have a smaller share of students

that are considered to be slow learners. The remainder school characteristics are all balanced.

Given that the private Catholic schools attract in general a more advantaged student population,

the latter observation suggests that the results might result in lower bound estimates of attainment

deficits for the Flemish education system. Similarly, Maldonado & De Witte (2021) established

that the 2015-2020 sample is not representative of the entire Flemish education system (nor of the

network of the Flemish Catholic schools), as it is based on a more privileged student population

on average. Figure B1 in Appendix shows the distribution of raw test scores (not standardised) for
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each subject across years 2019-2021.

Table 1: Participating schools and students in the different test years

Schools Students
Total Participating Participating
N N (%) N

2015 1293 1017 (79%) 29,280
2016 1293 1033 (80%) 30,783
2017 1288 1062 (82%) 32,344
2018 1293 1150 (89%) 36,057
2019 1289 1164 (90%) 37,321
2020 1300 401 (31%) 12,406
2021 1313 1158 (88%) 37,324

‘Total’ refers to the overall number of schools in the
school network that offers grade 6. ‘Participating’ refers
to the sub-sample of schools (and students) that partic-
ipated in the test in each respective year.

4 Methodology

4.1 Empirical specification

We examine the effect on learning outcomes and inequality one year after the first wave of COVID-

19 school closures. To distinguish between the overall impact of COVID-19 and the change in 2021,

we construct two variables.

First, we construct a dummy variable ’COV ID − 19’ to indicate if the test scores were measured

after the COVID-19 crisis. Hence, the dummy equals 1 in the years 2020 and 2021, and 0 otherwise.

This variable measures the overall effect of the COVID-19 school closures. The estimated coefficient

can be interpreted in terms of change in standard deviations due to the COVID-19 crisis. Second,

we construct a dummy variable ’Change-in-2021 ’ to indicate if the test score was measured in 2021.

This dummy, equal to 0 in all other years, measures the change in test scores one year after the first

wave of COVID-19 school closures. Combining the two dummy variables in one regression model

provides the net effect of the extent to which the school outcomes are resilient after the closures,

ceteris paribus the impact of COVID-19 on test scores (i.e., COVID-19 variable).

The overall effect of the COVID-19 school closures, and the average change of standardised test
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scores in 2021, is investigated by means of the following regression model:

yi,t = α+ β(COV ID − 19)i,t + γ(Change− in− 2021)i,t+

+δXi,t + λTesti,t + θTrend+ νi + εi,t (1)

where yi,t denotes the analysed outcome variable (i.e. test score in each subject, inequality mea-

sures) of school i at time t. The outcome is regressed on a constant α, the dummy (COV ID− 19)

and the (Change − in − 2021) dummy. β and γ represent the two main coefficients of interest

as β identifies the effect of the school closures, while γ isolates the sole effect on test scores 2021

relative to 2020 results. The school fixed effects (νi) remove any omitted variable bias arising from

unobserved time-constant heterogeneity across schools (e.g. school and school board management

quality, location of the schools, etc.) that may be correlated with regressors. Next, Test are dum-

mies capturing differences between the test versions. Trend is a continuous-time trend that controls

for the overall change in test scores over the years. Xi,t denotes a vector of time-varying control

variables at school, grade 6 and teacher level. Tables B1-B5 in Appendix indicate that gradually

adding them to the regression model does not significantly change the results. Finally, the standard

errors εi,t are clustered at the school level to capture the intra-school correlation of the outcome

variable.

To examine the robustness of the results, regression model (1) is estimated on three different

samples, corresponding to three separate time periods that follow from the tests’ versions. First,

the influence of the school closures is analysed on the 2019-2021 sample. Second, we compared the

test scores and inequality in the 2017-2021 sample, and, third, in the 2015-2021 sample. Given the

fact that not all subjects were administered each year, the regression model (1) is estimated for the

subjects of mathematics, native language (Dutch), science, social sciences and foreign language

(French) as outcome variable yi,j in the 2019-2021 sample; for all subjects but French in the

2017-2021 sample; and only for mathematics and Dutch in the 2015-2021 sample. The impact

on educational inequality is examined in all three samples. Due to multicollinearity issues, the time

trend is excluded from the 2019-2021 sample. However, as the mechanisms that underlie the decline

in student test scores (e.g. low aspiration and motivation of students, low accountability of schools)

are still present after the COVID-19 pandemic, we consider the 2017-2019 sample, with only two

test versions and a time trend, as our main specification.

Next to different samples, we analyse the robustness of the results by estimating regression model

(1) at both the school and student levels. Estimates at the former level provide evidence on how

the average test score of an average school changed due to the educational disruption. On the other

hand, estimates at the student level reveal how the average student test score changed due to the

school closures. As variation in test scores is larger within schools than across schools, we expect the
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estimated effects to be smaller in the student-level analysis. However, in comparing the estimated

coefficients, caution should be taken as we do not observe individual student characteristics, such

that, also in the student level analysis, all control variables are at the school level. The estimated

coefficients at pupil level are also likely to hide more heterogeneity than the estimates at the school

level, which we test in a marginal effects analysis (Section 6).

4.2 Test equating

Although exactly the same test was administered in 2019 and 2020, a new version of these tests

was developed in 2021. In order to achieve direct comparability between the scores of 2019/2020

and 2021, respectively, and also for measuring longitudinal trends of student learning outcomes, a

series of equating techniques were performed.

For all subjects but French, a single group equating design was used to collect the 2021 test scores.11

This implies that the same students were administered both the 2019/2020 test version and the

new 2021 test version. In particular, 751 schools (64% of the 2021 sample of participating schools)

agreed to take both tests for at least one subject. These schools administered first the 2019/2020

test version in May 2021 and administered the novel 2021 test version in June 2021. 421 schools

took only the 2021 test version.

On the one hand, the single group design has the advantage of needing only one group of test-

takers, and of controlling for differential student proficiency such that any other difference in the

test scores will be attributed to testing differences, rather than student differences.12 On the other

hand, order effects (such as tiredness or familiarity with the test) can sometimes affect the students’

performance, posing a challenge to the validity of the approach (Kolen & Brennan, 2014). In the

present context, students who took both tests did so with about one-month time difference. Hence,

they did not take both tests on the same day, such that both tiredness while taking the second

test and familiarity with it can be excluded. Yet, it should be noted that the 2020 test could have

been considered as an exercise for the students in the preparation of the official 2021 test. Thus,

students might have had less incentive and less pressure to perform well on this test. As a result, it

is also essential to note that students could have been less prepared for this test compared to when

taking the official 2021 test form at the end of June. Nevertheless, this effect might be mitigated as

also the test from June 2021 is a low stakes test for the students. Table A2 in Appendix compares

the participating schools taking both test versions to the participating schools only taking the 2021

test. Relative to schools that only took the 2021 test version, schools taking both tests are bigger

11A similar approach to equating design was followed by the Italian INVALSI tests in 2021,
allowing the direct comparison of learning outcomes of cohorts 2019 and 2021 (Desimoni, 2021).

12There is no confounding of test difficulty with group (of test takers) differences.
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and have a greater number of teachers. All other characteristics are balanced, indicating that

participating schools that took both test versions did not differ significantly from those schools who

only took the 2021 test.

From a methodological point of view, the test equating was performed using the traditional linear

equating method. This method adjusts the distribution of the scores. This means that, after

equating, the two test versions have a comparable mean and standard deviation. Hence, test scores

from the new 2021 test version can be directly compared to the 2019/2020 tests scores. Figure

B2 in Appendix shows the distribution of test scores for each subject before equating. While both

distributions are negatively skewed, the schools administering the 2020 test version show a lower

mean score in every subject, indicating that students performed, on an average, slightly worse in

the test version 2020, and better in the new 2021 test version. This difference might be either due

to differences in difficulty levels between the two tests, or as students were less prepared for the old

2020 test. However, it should be noted that both tests were low stakes tests for the students, such

that the former explanation is more likely than the latter explanation.

For the subject of French, the common-item nonequivalent groups design was employed to collect

the 2021 test scores. This means that all students were administered the same new test version in

June 2021. Nonetheless, this new test version was designed in manner that it encompassed three

items in common with the test version administered in 2019/2020. Responses on the common-items

were used as a (statistical) anchor to equate the two tests through linear equating, corresponding

to the Tucker observed score method (Kolen & Brennan, 2014).

5 Results

5.1 Evolution of standardised test scores by subject

Table 2 presents the school and student level results for all test subjects. In the school level analysis

(left-hand panel), the outcome variable measures the average standardised score in each subject at

the school level. For the analysis at the student level (right-hand panel), the outcome variable is

the standardised test score acquired for each student. We first run the analysis on the 2019-2021

sample, and then gradually extend it to the years 2017-2021 (second panel), and finally, to the years

2015-2021 (third panel). The results presented in Table 2 are from the most saturated regression

model that includes clustered standard errors at school level, school fixed effects, and controls at

school, grade 6 and teacher level. The results are robust to gradually adding these specifications

(see Appendix B). In the latter two panels, we account for time trends over the years and for the

test version, making the 2017-2021 sample our preferred specification (see section 4). As science and

social science were taken the first time in 2017, these subjects are only presented in the 2017-2021
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and 2019-2021 samples. The test scores for French are only available for the sample 2019-2021.

School-level analysis. The first column of Table 2 suggests that the standardised test scores

for the Dutch language significantly decreased after the COVID-19 pandemic, and continued to

decrease in 2021. The overall impact of COVID-19 accounts for an attainment deficit in the Dutch

language of 0.24 standard deviations (SD), while the change in scores in 2021 amounts to an

additional -0.23 SD (sample 2019-2021). The effect size and significance are robust across the sub-

samples, although the coefficients tend to get smaller, that is, the attainment loss is less outspoken,

as the sample is extended.13 This is mainly due to including the time trend in the extended

samples. Nevertheless, also in the preferred 2017-2021 sample, compared to before the COVID-19

crisis, attainment in Dutch is 0.17 SD lower after the long term school closures, and an additional

0.12 SD are added in 2021. Hence, compared to before the COVID-19 crisis (and accounting for

the overall decline in language test scores as also observed in PIRLS surveys), Dutch attainment is

0.29 SD lower in 2021. The R² reveals that the model accounts for a range of 60% to 70% of the

variation in the average score of schools across the different sub-samples.

The second column of Table 2 presents the main results for the standardised mathematics scores.

The results indicate that the COVID-19 related school closures resulted in a decline in test scores

of mathematics accounting for 0.11 SD. This is significant at 10%-level. Adding a trend does not

seem to change the sign of the estimates, although the significance disappears in the third panel.14

Although mathematics attainment was further found to be declining between 0.03 and 0.06 SD in

2021, this is not significantly different from 0. Thus, these estimates aggregately suggest that the

impact of the COVID-19 school closures is halted, but not reversed yet.

With regard to science, the third column of Table 2 indicates that the overall effect of COVID-

19 is significantly negative. Controlled for the time trend and (un)observed heterogeneity at the

school level, science attainment dropped significantly with 0.15 SD. In spite of this overall decline

in science test scores, the 2021 coefficient suggests a positive, though insignificant, change. This

suggests that students in the 2021 cohort have started catching up with previous cohorts. However,

it is essential to note here that this is not yet enough to bring to a significant improvement in their

learning outcomes in science.

For social science, the fourth column of Table 2 shows a non-significant overall decrease in test

scores in both 2019-2021 and 2017-2021 samples. This decrease amounts to -0.07 and -0.09 SD

respectively. At the same time, the 2021 change in social science scores is positive, amounting to

0.09 standard deviations (non-significant) in the 2019-2021 sample, and 0.16 standard deviations

13As shown in Table B8 in Appendix, this difference is significantly different from 0.
14As shown in Table B8 in Appendix, the estimated coefficients in the different samples are not

significantly different from 0.
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(significant) in the 2017-2021 sample. This suggests that attainment in social sciences is improving

over time.

Finally, a COVID-19 effect size similar to the Dutch language is observed for foreign language

(French). However, the negative effect is much less pronounced for the sole change in average scores

in 2021. It should be noted that this sample does not allow to include a time trend.

In Table B6 in Appendix, we compare whether the estimated coefficients for the subjects are

significantly different from each other. As suggested by the differences in point estimates, the

COVID-19 dummy is significantly different for the multiple subjects, while not significantly different

between science and social science. Similarly, the ’change-in-2021’ dummy is significantly different

between the different subjects, but in the case of science versus math, and science versus social

science.

Student-level analysis. At the student level, overall, we observe that the estimated coeffi-

cients have the same direction and significance as the school level estimates, providing confidence

to the earlier discussed estimates. In line with the expectations (see section 4) the estimated co-

efficients are smaller in the student-level analysis. Controlling for the trend (i.e. the 2017-2021

sample), student attainments decreased significantly by 0.14 SD in the Dutch language, 0.07 SD in

mathematics, 0.11 SD in science and 0.06 SD in social sciences since the outbreak of the COVID-

19 pandemic. Dutch test scores further declined in 2021, adding up to an attainment deficits of

0.23 SD compared to the pre-COVID cohorts. The significance of the decline was halted in 2021

for mathematics and science, while the 2021 test scores started improving significantly for social

sciences.

Comparing the school and student level estimates, despite the differences in estimated coefficients,

once controlled for the trend in the 2017-2021 sample and the 2015-2021 sample, the school level

and student level estimates do not differ significantly from each other for all subjects except Dutch

language (see Table B7 in Appendix). The significantly lower student-level estimates for the Dutch

language might have to do with the larger individual variation in Dutch test scores, while the

variation in the Dutch language test scores at school level is less outspoken. We explore this further

in Section 6.

Summary. Overall, the estimates provide further evidence on the detrimental effect of the

COVID-19 pandemic. In all subjects, except social sciences, student test scores are significantly

lower right from the beginning of the pandemic. Although the first signs of catching-up are visible

for science and social science, and the decline is halted for mathematics, we witness a further

deterioration of test scores of the Dutch language in 2021.
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Table 2: Main results for all subjects

School level analysis Student level analysis
Dutch Math Science Social

Science
French Dutch Math Science Social

Science
French

Sample 2019-2021
COVID-19 -0.24*** -0.11* -0.25*** -0.07 -0.24*** -0.14*** -0.05** -0.13*** -0.06** -0.17***

(0.05) (0.06) (0.08) (0.05) (0.04) (0.02) (0.02) (0.03) (0.02) (0.02)
Change in 2021 -0.23*** -0.06 0.04 0.09 -0.08* -0.10*** -0.04 0.00 0.06** -0.02

(0.05) (0.06) (0.08) (0.06) (0.04) (0.02) (0.02) (0.03) (0.03) (0.02)
N 2272 2107 1190 1433 2003 76696 72127 46201 51413 69536
R2 0.70 0.78 0.77 0.72 0.78 0.13 0.14 0.15 0.14 0.20

Sample 2017-2021
COVID-19 -0.17*** -0.12* -0.15* -0.09 -0.14*** -0.07*** -0.11*** -0.06***

(0.05) (0.07) (0.08) (0.06) (0.02) (0.02) (0.03) (0.02)
Change in 2021 -0.12** -0.03 0.07 0.16** -0.09*** -0.02 -0.01 0.06***

(0.06) (0.07) (0.08) (0.07) (0.02) (0.02) (0.03) (0.02)
N 4626 4456 2670 2907 142207 137070 83889 89291
R2 0.63 0.71 0.68 0.63 0.12 0.14 0.12 0.11

Sample 2015-2021
COVID-19 -0.15*** -0.10 -0.11*** -0.06**

(0.05) (0.07) (0.02) (0.03)
Change in 2021 -0.16*** -0.05 -0.09*** -0.02

(0.06) (0.07) (0.02) (0.03)
N 6668 6504 199924 194725
R2 0.60 0.67 0.13 0.14

Note: Robust standard errors, clustered at school level, between brackets. All outcome variables are standardized (mean 0, standard deviation
1) per test version. COVID-19 is a dummy variable equal to 1 in the years 2020 and 2021, measuring the overall impact of COVID-19 on test
scores. ‘Change in 2021’ is a dummy variable equal to 1 in 2021, measuring the change of standardized test scores in 2021. All regressions
include school fixed effects, dummy variables for the test version, a time trend (only for samples 2017-2021 and 2015-2021) and time varying
controls at school level, for grade 6 characteristics and characteristics of the teacher. Controls at school level are: the number of students in
the school, the share of girls, three SES indicators (neighbourhood, mother’s education and home language). Characteristics of year 6 are: the
share of girls, three SES indicators, the share of grade repetition and the share of slow learners. Characteristics of the teachers are: the number
of teachers and the share of teachers older than 50.

* p < 0.10, ** p < 0.05, *** p < 0.01
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5.2 Inequality assessment

Earlier literature observed an increase in inequality in learning outcomes due to COVID-19 related

school closures (Agostinelli et al., 2020; Engzell et al., 2021; Grewenig et al., 2021; McCoy et al.,

2021; Maldonado & De Witte, 2021). Given the targeted policy interventions and the significant

attention towards to most vulnerable students (De Witte & Smet, 2021), it is inconclusive how

inequality has changed one year after the pandemic.

Table 3 presents the results of the change in inequality for the subjects of Dutch language and

mathematics. The Gini coefficient ranges between 0 (perfect equality) and 1 (perfect inequality).

The 90/10 inequality ratio measures how the best-performing (i.e. the 90th percentile of the dis-

tribution) students compared to the weakest performing students (i.e. the 10th percentile of the

distribution). Hence, a higher value of the 90/10 ratio indicates higher inequality. As a reference

for the inequality measures, the ’mean’ presents the average inequality in the sample period before

the COVID-19 pandemic.

In the 2019-2021 sample, the average pre-pandemic Gini coefficient amounts to 0.14 for both math-

ematics and the Dutch language. Using regression model (1), we estimate how inequality changed

since the pandemic (variable ’COVID-19’) and one year after the pandemic (variable ’Change-in-

2021’). Table 3 presents the most saturated model that includes all control variables, school fixed

effects, standard errors clustered at school level and a time trend (in the 2017-2021 and 2015-2021

samples).

Using the Gini coefficient as an inequality measure, the estimated coefficient for COVID-19 suggests

that inequality in Dutch test scores rose by 0.01 (i.e. a 7% increase) after the pandemic. The rise in

inequality continued in 2021, when the spread in Dutch test scores was already 14% higher than in

2019. The change in the Gini coefficient is less outspoken and mostly insignificant in the 2017-2021

and the 2015-2021 samples that include the time trend. The alternative inequality measure of the

90/10 ratio confirms this picture, with an increase of inequality of almost 16% in the 2019-2021

period. A significant 4% increase in 2021 is measured in the extended samples that include the

time trend.

In mathematics, the change in inequality within schools is less outspoken and even reversed com-

pared to the Dutch test scores. Although the significance levels differ across the different samples,

the 2017-2021 sample estimates suggest that the spread in mathematics test scores declined by

about 5% in 2021.

In sum, overall, one year after the COVID-19 school closures, the inequality within schools seems

to have increased in the Dutch language, and decreased in mathematics.
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Table 3: Inequality within schools

Dutch Math
Gini Ratio

90/10
Gini Ratio

90/10

Sample 2019-2021
COVID-19 0.01*** 0.16*** 0.00* 0.09

(0.00) (0.05) (0.00) (0.06)
Change in 2021 0.01*** 0.18*** -0.00 0.03

(0.00) (0.05) (0.00) (0.06)
N 2268 2234 2107 2050
Mean 0.13 2.02 0.14 2.07
R2 0.64 0.57 0.69 0.58

Sample 2017-2021
COVID-19 0.00 0.03 0.00 0.06

(0.00) (0.05) (0.00) (0.05)
Change in 2021 0.00** 0.09* -0.01*** -0.11**

(0.00) (0.05) (0.00) (0.05)
N 4623 4601 4456 4421
Mean 0.12 1.91 0.13 1.94
R2 0.56 0.41 0.59 0.47

Sample 2015-2021
COVID-19 -0.00 0.04 0.01*** 0.13***

(0.00) (0.04) (0.00) (0.05)
Change in 2021 0.00 0.09** -0.01** -0.04

(0.00) (0.05) (0.00) (0.05)
N 6665 6643 6504 6467
Mean 0.11 1.80 0.12 1.90
R2 0.59 0.38 0.54 0.43

Note: Robust standard errors, clustered at school level, between brackets. COVID-
19 is a dummy variable equal to 1 in the years 2020 and 2021. is a dummy variable
equal to 1 in 2021. All regressions include school fixed effects, dummy variables
for the test version, a time trend (only for samples 2017-2021 and 2015-2021) and
time varying controls at school level, for grade 6 characteristics and characteristics
of the teacher. A Gini coefficient of 0 indicates perfect equality, while a value of 1
identifies perfect inequality. The 90/10 ratio is defined as the ratio of the score of
the 10th percentile to the score of the 90th percentile. A higher value of the 90/10
ratio indicates higher inequality. The mean is the baseline mean (i.e. computed
excluding the 2020 and 2021 cohorts).

* p < 0.10, ** p < 0.05, *** p < 0.01
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6 Heterogeneity analysis

As the test score analysis indicated lower average educational attainments since the COVID-19

pandemic, and a mixed picture on the test score resilience in 2021, it is interesting to look beyond

the impact on the mean. First, we examine the marginal effects. In particular, we measure how

the change in test scores one year after the first wave of COVID-19 school closures is different for

schools that present diverse socioeconomic compositions of their students’ population. Second, we

study the distribution of test scores more in-depth using a quantile analysis. Third, we look at

heterogeneous effects by the targeted remedial actions (in particular summer schools) implemented.

6.1 Marginal effects

Figure 1 pictures the marginal effects for the ‘change-in-2021’ dummy, separately for Dutch language

and mathematics, for the sample 2017-2021. The figures present the marginal effects as estimated

by the school fixed effect regression (solid lines) in the regression model (1). They also show the 95%

confidence intervals around the estimates (dashed lines). The horizontal axis presents the percentage

of disadvantaged grade 6 students in a school, as measured by disadvantaged neighbourhood (top

panel), low education of the mother (middle panel) and not speaking the native (Dutch) language

at home (bottom panel). We observe similar marginal effects at student level (see Figure B3 in

Appendix).

First, consider the marginal effects by disadvantaged neighborhood. On the one hand, earlier

literature indicated that the COVID-19 crisis was particularly harmful for more vulnerable students

(OECD, 2020). These students were less frequently reached during the crisis, had a less supportive

home situation, and missed more instruction time due to lower ICT availability. On the other

hand, it suggests that these students might have especially benefited from the reopening of schools,

leading to a quicker catching-up. Moreover, policy interventions were mainly targeting the most

vulnerable students, such that these students might show more resiliency in their test scores (see

Section 6.3). The upper panel of Figure 1 shows that schools with a higher share of students coming

from a disadvantaged neighbourhood experienced lower average decreases in attainment (and are

even catching-up, though insignificantly) after one year of full-time face-to-face education. This

pattern is similar for Dutch (left-hand side) and mathematics (right-hand side).

Another aspect that has likely influenced the home learning environment of pupils during the

school closures is parental involvement (Di Pietro et al., 2020). The level of maternal education,

which is defined here as the percentage of students whose mothers’ education is at primary level,

helps us distinguishing between different levels of parental learning support. In the aftermath of

the COVID-19 related school closures, attainment deficits were found to have increased with the

percentage of students in a school with a low-educated mother (Maldonado & De Witte, 2021). Yet,

maternal education still plays an important role: the middle panel in Figure 1 shows that the 2021
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educational attainments decrease as the school counts more students with lowly educated mothers.

This is observed for both the Dutch language and mathematics.

Finally, we estimate the marginal effect of the language spoken at home. Once schools reopened,

non-native speaking students were again exposed to the Dutch language. Thus, the expectation

is that these students will have especially taken advantage of the return to full-time face-to-face

education. The bottom left panel in Figure 1 shows that, one year after the school closures, the

estimated attainment change in Dutch remains roughly constant (and significant) along the share

of non-native students. This suggests that all schools, no matter which language is spoken at home,

decreased their attainments in the Dutch language in 2021. Although a similar observation is visible

in recent PIRLS studies, it should be noted that the presented marginal effect is measured on top

of a time trend. The lower panel of Figure 1 shows that schools with a higher share of non-native

language speaking students experienced lower average decreases in math attainment (and are even

catching-up, though insignificantly) after one year of full-time face-to-face education.
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Figure 1: Marginal effects by socioeconomic composition of schools’ population
Note: Marginal effects of ’change-in-2021’ dummy, as estimated by a school fixed effect regression
(solid lines) in regression model (1). 95% confidence intervals around the estimates (dashed lines).

Estimates for the 2017-2021 sample at school level (pupil level estimates in Appendix B3).
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6.2 Quantile analysis

Using a quantile analysis, we analyzed the attainment deficits per quintile of the distribution of

students’ scores within each school (i.e., per 5%). This approach allows us to investigate whether

low- and high-performing students are influenced differently by the COVID-19 school closures, and

by the closures one year later.

The results are presented in Figure 2, where the upper figure presents the estimates per quintile for

the overall COVID-19 effect and the lower figure shows the estimates per quintile for the ‘change-

in-2021’. Quintile P95 corresponds to the strongest students (i.e., only 5% of the students in the

school obtained better test scores), while quintile P5 corresponds to the weakest students (i.e., only

5% of the students in the school obtained lower test scores). For the Dutch language, all students,

except for the weakest 10% of the students, are found to underperform since the pandemic (Figure

2a). One year after the pandemic (Figure 2b), all students decreased their test scores. Only for the

strongest students, the attainment deficits are no longer significantly different from zero one year

after the pandemic.

For mathematics, as in Maldonado & De Witte (2021), no clear pattern emerges either when

focusing on the effect of COVID-19 school closures (Figure 2a) as similar insignificant attainment

deficits are observed across all quintiles. Instead, we observe that the students at the top and

bottom of the distribution are influenced differently after one year of the school closures (Figure

2b): while the low-performing students in a school seem to have slightly improved their learning

outcomes (though not significantly), the best-performing students (i.e., quantile 70 to 95) obtained

significantly lower math test scores in 2021. This decline in math performance among the best-

performing students is in line with evidence from the OECD PISA tests (PISA, 2018), suggesting

that COVID-19 accelerated existing trends in education systems.
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a) Marginal effect on ’COVID-19’ dummy
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b) Marginal effect on ’Change-in-2021’ dummy
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Figure 2: Estimated change of standardised test scores per quintile of test scores within schools
Note: These figures are based on a school fixed effects regression using the 2017–2021 sample

which includes dummy variables for the test version, a time trend and time varying controls at
school level, for grade 6 characteristics and characteristics of the teacher.
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6.3 By targeted remedial actions

Next, we consider the heterogeneity in test scores for the Dutch language and math with respect to

the availability of summer schools, which are publicly financed targeted remedial actions aiming at

reducing COVID-19 related attainment deficits (see Section 2.2). We split schools into two groups

according to whether (or not) the school is located in a postcode area where a summer school was

implemented during the 2020 summer break. It should be noted that the remedial action did not

necessarily take place at the school location where a student took the standardized tests, but within

the same 4-digit postcode area. Summer schools were open to students from any school.15

The descriptive statistics in Table A3 in Appendix reveal that the summer schools were established

in the postcode areas with a more disadvantaged student population. Confirming earlier findings

by Maldonado & De Witte (2021), the results in Table 4 show that the overall COVID-19 effect is

more outspoken in postcode areas where a summer school took place for both the Dutch language

and math (-0.27 SD and -0.22 SD, respectively). Interestingly, a different picture emerges for the

change in test scores in 2021. In 2021, the attainments deficits halted for both the Dutch language

and mathematics in the postcode areas where a summer school took place. For the Dutch language,

a non-significant decrease in the test scores (-0.02 SD) was found in 2021. For mathematics, we

observe a non-significant increase (0.07 SD) in the test scores in 2021. This contrasts to increasing

attainment deficits in those postcode areas where no summer school took place, amounting to a

significant decrease of -0.17 SD in Dutch, and a non-significant decrease of -0.07 SD for math in

the 2017-2021 sample.

As summer schools aim to compensate for the lack of parental support in learning, we might expect

that their impact is more outspoken in schools with low-educated mothers. This is confirmed by

the marginal effect analysis in Figure B4 in Appendix. The left panel shows that in postcode areas

with summer schools the attainment deficits in both the Dutch language and math are halted in

2021 in schools with a larger share of low-educated mothers. In the absence of summer schools, the

right panel indicates accumulating attainment deficits in schools with a larger share of low-educated

mothers.

Overall, these results suggest that summer schools, which were mainly targeting the most vulnerable

students, were successful in keeping the most vulnerable students from falling further behind in

learning.

15We are unable to link individual student test scores to their potential participation in a summer
school.
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Table 4: Attainment deficit by targeted remedial actions (i.e. summer school)

Dutch Math
Summer
School

No
Summer
School

Summer
School

No
Summer
School

Sample 2017-2021
COVID-19 -0.27*** -0.14** -0.22* -0.07

(0.09) (0.06) (0.12) (0.08)
Change in 2021 -0.02 -0.17** 0.07 -0.07

(0.10) (0.07) (0.12) (0.08)
N 1738 2873 1676 2766
R2 0.66 0.59 0.73 0.68

Note: Robust standard errors, clustered at school level, between brackets. All out-
come variables are standardized (mean 0, standard deviation 1) per test version.
COVID-19 is a dummy variable equal to 1 in the years 2020 and 2021, measuring
the overall impact of COVID-19 on test scores. ‘Change in 2021’ is a dummy vari-
able equal to 1 in 2021, measuring the change of standardized test scores in 2021.
All regressions include school fixed effects, dummy variables for the test version,
a time trend and time varying controls at school level, for grade 6 characteristics
and characteristics of the teacher. ‘Summer school’ refers to schools in the school
network that are located in a postcode area where a summer school took place
during the 2020 summer break.

* p < 0.10, ** p < 0.05, *** p < 0.01
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7 Robustness checks

To test the robustness of the findings, we performed a series of additional analyses. First, due

to the psychological impact of the COVID-19 pandemic and its school closures, along with less

time that was available to students for preparing for the tests administered in June 2020, the 2020

test scores might be downward biased. In a first robustness test, we exclude the 2020 test scores

from the sample, mimicking a situation as if the standardised tests were never administered in

2020. In this specification of the model, the estimated coefficient for the dummy ‘Change-in-2021’

captures the combined effect of COVID-19 on test scores (i.e., ’COVID-19’ variable in the main

specification) and the additional effect added in 2021. The first column of Table 5 shows that the

main findings are robust to this alternative specification. Compared to before the COVID-19 crisis,

Dutch language and mathematics attainments are 0.30 SD and 0.14 SD lower in 2021, respectively

(in the preferred 2017-2021 sample).

In a second robustness test, we apply a different empirical method. In particular, we use coarsened

Exact Matching (CEM; Iacus et al., 2012; Blackwell et al., 2009) in order to control for sample

imbalances in covariates. CEM enables the comparison of test outcomes of schools with similar

characteristics in the different years. The schools participating in each year are sequentially matched

(based on the school characteristics available from the administrative data) to the schools that took

part in the test in 2021. As shown in the third column of Table 5, the results for the Dutch language

prove to be robust in this alternative econometric method, with a significant attainment deficit of

0.18 SD since the pandemic (COVID-19 dummy), and further deficits of 0.11 SD in 2021 (‘Change-

in-2021’ dummy). For math, the matching analysis suggests a significant attainment deficit of 0.12

SD since the pandemic and an insignificant deficit in 2021. The direction of the effects and their

sizes are similar to the main results in all sub-samples.

Finally, the third column of Table 5 shows that the results for Dutch language and mathematics

are also robust to the exclusion of special needs schools that participated in the test, as both sign

and effect sizes are similar to the main results across all sub-samples.

26



Table 5: Robustness checks

Dutch Math

Exclude
2020 test

Matching Exclude
special
needs

Exclude
2020 test

Matching Exclude
special
needs

Sample 2019-2021
COVID-19 -0.28*** -0.28*** -0.13** -0.13**

(0.05) (0.05) (0.06) (0.06)
Change in 2021 -0.49*** -0.22*** -0.22*** -0.18*** -0.04 -0.04

(0.04) (0.05) (0.05) (0.03) (0.06) (0.06)
N 1856 2256 2266 1924 2087 2103
R2 0.74 0.70 0.70 0.80 0.79 0.79

Sample 2017-2021
COVID-19 -0.18*** -0.19*** -0.12* -0.13**

(0.05) (0.05) (0.06) (0.06)
Change in 2021 -0.30*** -0.11** -0.11* -0.14*** -0.01 -0.02

(0.07) (0.06) (0.06) (0.06) (0.07) (0.07)
N 4241 4582 4611 4286 4410 4443
R2 0.65 0.63 0.63 0.72 0.71 0.71

Sample 2015-2021
COVID-19 -0.16*** -0.16*** -0.10 -0.11

(0.05) (0.05) (0.07) (0.07)
Change in 2021 -0.31*** -0.15*** -0.15*** -0.14*** -0.03 -0.04

(0.06) (0.06) (0.06) (0.05) (0.07) (0.07)
N 6286 6587 6650 6334 6423 6488
R2 0.61 0.60 0.60 0.68 0.67 0.67

Note: Robust standard errors between brackets. All outcome variables are standardized (mean 0, standard deviation 1)
per test version. COVID-19 is a dummy variable equal to 1 in the years 2020 and 2021, measuring the overall impact of
COVID-19 on test scores. ‘Change in 2021’ is a dummy variable equal to 1 in 2021, measuring the change of standardized
test scores in 2021. All regressions include school fixed effects, dummy variables for the test version, a time trend (only for
samples 2017-2021 and 2015-2021) and time varying controls at school level, for grade 6 characteristics and characteristics
of the teacher.

* p < 0.10, ** p < 0.05, *** p < 0.01
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8 Conclusion and discussion

Almost two years after the first COVID-19 induced school closures, the question remains as to

whether, and to what extent, school outcomes are resilient and inequality persists. Although most

studies suggested some level of attainment deficits immediately after the first wave of school closures,

the early evidence and underlying mechanisms on the school outcomes one year after the pandemic

outline a mixed picture.

This paper focuses on the Flemish region of Belgium, where Maldonado & De Witte (2021) found

significant attainment deficits in multiple subjects in June 2020, as compared to before the COVID-

19 school closures. As a response, the attainment deficits received significant policy attention

resulting in evidence-based remedial interventions, such as tutoring and summer schools, targeting

mainly disadvantaged students. Moreover, despite different teaching conditions (e.g. the use of face

masks), primary schools were able to offer full-time face-to-face education. This paper provides

evidence on the effects on learning outcomes and inequality at the end of primary school one year

after the first wave of COVID-19 school closures, using a unique data-set that combines standardised

test scores from a large share of private Flemish primary schools over the period 2015-2021, and

administrative data comprising several school characteristics. From a methodological perspective,

we are using a school fixed effects regression that accounts for a time trend and time-varying

control variables. Multiple robustness tests, including coarsened exact matching, different samples

and different levels of analysis (school level and student level) show the robustness of the results.

The results indicate a significant decrease in test outcomes since the start of the pandemic. In all

subjects, except for social science, we observe significant attainment deficits since the start of the

pandemic. The point estimates vary from -0.24 SD for foreign language French, -0.17 SD for the

native Dutch language, to -0.15 SD in sciences and -0.12 SD in math. Furthermore, the estimates

provide a mixed picture on the resilience of student test scores one year after the COVID-19 related

school closures. The significant attainment deficits halted for mathematics, while the test scores

cautiously started improving for science and significantly improved for social sciences (+ 0.16 SD).

For the Dutch language, the attainment deficit that occurred in 2020 further deepened with -0.12

SD in 2021, indicating an additional decline of about 70% as compared to 2020 decline of -0.17

SD. For the foreign language French, school level estimates reveal significant additional attainment

deficits (-0.08 SD) in 2021. At the student level, given the larger variation in test scores within

schools than between schools, we observe smaller point estimates, although overall the estimated

coefficients have the same direction and significance as the school level estimates. In particular,

student attainments decreased significantly by 0.17 SD in French language, 0.14 SD in the Dutch

language, 0.07 SD in mathematics, 0.11 SD in science and 0.06 SD in social sciences in comparison

to the pre-pandemic trend. Estimated at pupil level, Dutch test scores further declined in 2021 with

0.10 SD. With respect to inequality, the results suggest that test score inequality within schools

rose for the Dutch language in 2021, and decreased for mathematics.
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However, not all students and schools are affected in the same way. Notwithstanding the halted

attainment deficits in math in 2021, a quantile analysis suggests that the math test scores of the

best-performing students in a school (i.e., quantile 70 to 95) have significantly declined, while those

of low-performing students seem to have slightly improved (though not significantly). For the Dutch

language, the quantile analysis suggests that all students obtained attainment deficits, irrespective

of the quantile. When considering marginal effects of the ‘change-in-2021’ dummy based on socioe-

conomic indicators, we find that attainment deficits increase in 2021 for those schools that count

more students with lowly educated mothers. Lower average decreases in 2021 attainment (though

insignificant) are found for schools with students from a more disadvantaged neighbourhood. At the

same time, schools with a more advantaged socioeconomic status composition in terms of neighbour-

hood of residence, and home language, seem to experience higher (significant) attainment deficits

one year after the pandemic. Furthermore, we observe heterogeneity in test scores with respect to

the availability of summer schools, which are publicly financed targeted remedial actions aiming at

reducing COVID-19 related attainment deficits. In 2021, the attainment deficits observed in the

postcode areas with a summer school have halted for both the Dutch language and mathematics.

At the same time, the attainment deficits in Dutch increased in those postcode areas where no

summer school took place.

Our findings for Dutch language and math confirm earlier theoretical predictions by Agostinelli et al.

(2020), arguing that attainment deficits accumulate over time. In fact, even though the targeted

policy actions have partly mitigated the negative effects on learning outcomes of more vulnerable

students, we still observe (on top of a time trend and school fixed effects) significant attainment

deficits in the Dutch language and mathematics, though the latter not significant. For science and

social science, the attainment deficits seem to have not accumulated over time, as they both show a

recovery. Thus, the results presented in this paper support the findings of Belot & Webbink (2010)

and Jaume & Willén (2019) that school outcomes are not as resilient as often hoped for, and that

schooling disruptions might have negative impacts on the longer term.

The differences between the subjects can be explained from two angles. First, the interactionist

approach to language acquisition and learning (Vygotsky, 1978; Nor & Ab Rashid, 2018) suggests

that language acquisition in children is a cyclical and incremental process, which mainly happens

through social interaction - not only with adults, but also with peers. Hence, young students that

were affected by the COVID-19 long term school closures are likely to have accumulated language

delays due to the missed interactions. These effects could be long-lasting. Moreover, the use of face

masks during the instruction time likely had a greater impact on the learning process of languages,

than on other subjects, as it is more reliant on communication - which has been found to be largely

impaired by the use of face coverings (Caniato et al., 2021; Saunders et al., 2021). This is reflected

in the further deepening of 2021 attainment deficits in Dutch language compared to 2020, and the

additional declines that were observed in French test scores in the sample 2019-2021. Second, early
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evidence on the use of computer-assisted learning during the lockdown suggested that teaching

aided by an adaptive practicing software mitigated, or even reversed, the negative effects of school

closures on math learning (Meeter, 2021). Similar software is more common in math education.

The findings of this paper have important policy implications considering the unprecedented chal-

lenge posed by the school closures on the educational system and the policy actions undertaken so

far (De Witte & Smet, 2021; UNESCO et al., 2021). First, it seems that disadvantaged students

have partially recouped the attainment deficits upon returning to school, or at least at a faster rate

than the best-performing students. Our finding suggests that the policy actions (in particular sum-

mer schools), which were mainly targeting the most vulnerable students, were relatively successful.

Nevertheless, our findings suggest that significant policy attention should also be given to the best-

performing students, who seem to fall behind one year after the pandemic. Thus, this current set

of policy actions should be integrated with the implementation of remedial measures aimed at all

students, including the best-performing students. Second, the findings of this paper reinforce the

need for continuous close monitoring of the evolution of the test scores and other school outcomes

(e.g., school dropout, participation in higher education), in order to avoid the further accumulation

of the attainment deficits. Third, the COVID-19 pandemic seems to accentuate existing trends in

school outcomes. Specifically in the Flemish education system, the COVID-19 pandemic reinforced

the already downward trend of Flemish students’ performances in international tests (e.g. PIRLS,

PISA, TIMSS). Therefore, next to a ’Build back’ strategy, also a ’Build better’ strategy should be

implemented (see also De Witte, 2021).
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Appendix A: Attrition

Table A1: Attrition and descriptive statistics of participating schools in the year 2021

Attrited Participated t-Test

N Mean
[SD]

N Mean
[SD]

p-Value

Number of Students 174 207.12 1139 198.69 0.25
[99.96] [88.10]

Share of Girls 174 0.50 1139 0.50 0.34
[0.36] [0.40]

SES - Neighbourhood 171 0.25 1131 0.19 0.01
[0.31] [0.28]

SES - Mother’s Education 171 0.20 1131 0.17 0.04
[0.16] [0.15]

SES - Home Language 171 0.21 1131 0.19 0.20
[0.23] [0.21]

Newcomers 174 0.01 1139 0.01 0.38
[0.02] [0.03]

Number of Teachers as FTE 174 13.45 1139 12.85 0.18
[6.18] [5.42]

Teachers: Share Above 50 174 0.30 1139 0.29 0.61
[0.13] [0.15]

Year 6: Number of Students 174 33.61 1139 32.21 0.29
[17.42] [16.10]

Year 6: Share of Girls 174 0.49 1139 0.50 0.24
[0.09] [0.11]

Year 6: SES - Neighbourhood 171 0.24 1131 0.18 0.02
[0.30] [0.28]

Year 6: SES - Mother’s Education 171 0.19 1131 0.16 0.04
[0.16] [0.16]

Year 6: SES - Home Language 171 0.20 1131 0.17 0.10
[0.23] [0.21]

Year 6: Grade Repetition 174 0.00 1139 0.00 0.70
[0.00] [0.01]

Year 6: Slow Learners 174 0.11 1139 0.09 0.01
[0.12] [0.09]

Notes: Standard deviations between brackets. ’Attrited’ refers to schools in the private school network
that offer grade 6, and did not administer the test. ’Participated’ refers to the schools that offer grade
6, and administered the test for at least one subject. The p-value is derived from the t-test comparing
the attrited with the participating schools. Schools that only administered the old test version 2020 in
school year 2021 (14 schools), and special needs schools (5 schools) were excluded from the attrition
analysis.
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Table A2: Comparison of schools taking both 2020 and 2021 test versions: year 2021

Test 2021 only Both tests t-Test

N Mean
[SD]

N Mean
[SD]

p-Value

Number of Students 421 189.05 737 202.19 0.01
[83.75] [90.63]

Share of Girls 421 0.50 737 0.50 0.54
[0.05] [0.04]

SES - Neighbourhood 417 0.19 733 0.20 0.51
[0.28] [0.29]

SES - Mother’s Education 417 0.18 733 0.17 0.75
[0.15] [0.15]

SES - Home Language 417 0.19 733 0.19 0.80
[0.22] [0.22]

Newcomers 421 0.01 737 0.01 0.54
[0.03] [0.03]

Number of Teachers as FTE 421 12.45 737 13.14 0.04
[5.39] [5.82]

Teachers: Share Above 50 421 0.29 737 0.29 0.82
[0.15] [0.15]

Year 6: Number of Students 421 30.37 737 32.93 0.01
[15.03] [16.65]

Year 6: Share of Girls 421 0.50 737 0.50 0.88
[0.10] [0.11]

Year 6: SES - Neighbourhood 417 0.18 733 0.19 0.47
[0.28] [0.29]

Year 6: SES - Mother’s Education 417 0.16 733 0.17 0.73
[0.17] [0.16]

Year 6: SES - Home Language 417 0.17 733 0.17 0.69
[0.22] [0.22]

Year 6: Grade Repetition 421 0.00 737 0.00 0.34
[0.01] [0.01]

Year 6: Slow Learners 421 0.09 737 0.10 0.85
[0.09] [0.09]

Notes: ‘Test 2021 only’ refers to schools in the school network that only administered the test version
2021. ‘Both tests’ refers to those schools that administered both the old and the new test for at least
one subject. The t-test values are p-values that compare the two group of schools. Standard deviations
are robust.
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Table A3: Comparison of schools located in an area with a summer school: year 2021

Summer school No Summer school t-Test

N Mean
[SD]

N Mean
[SD]

p-Value

Number of Students 433 203.86 720 193.67 0.06
[87.36] [88.86]

Share of Girls 433 0.50 720 0.50 0.09
[0.03] [0.04]

SES - Neighbourhood 431 0.31 714 0.13 0.00
[0.33] [0.23]

SES - Mother’s Education 431 0.23 714 0.14 0.00
[0.18] [0.12]

SES - Home Language 431 0.25 714 0.15 0.00
[0.24] [0.19]

Newcomers 433 0.02 720 0.01 0.00
[0.03] [0.02]

Number of Teachers as FTE 433 13.62 720 12.29 0.00
[5.43] [5.37]

Teachers: Share Above 50 433 0.28 720 0.30 0.05
[0.15] [0.15]

Year 6: Number of Students 433 32.75 720 31.56 0.22
[16.14] [16.12]

Year 6: Share of Girls 433 0.51 720 0.50 0.18
[0.10] [0.11]

Year 6: SES - Neighbourhood 431 0.29 714 0.12 0.00
[0.33] [0.23]

Year 6: SES - Mother’s Education 431 0.22 714 0.13 0.00
[0.19] [0.13]

Year 6: SES - Home Language 431 0.23 714 0.13 0.00
[0.21] [0.12]

Year 6: Grade Repetition 433 0.00 720 0.00 0.06
[0.00] [0.00]

Year 6: Slow Learners 433 0.11 720 0.08 0.00
[0.11] [0.08]

Notes: ‘Summer school’ refers to schools in the school network that were located in a postcode area where
a summer school took place during the 2020 summer break. The t-test values are p-values that compare
the two group of schools. Standard deviations are robust. Special needs schools (5 schools) were excluded
from these descriptive statistics.
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Appendix B: Additional tables and figures

Table B1: Main results: Dutch score (school level analysis)

Dutch score
Sample 2019-2021
COVID-19 -0.27*** -0.24*** -0.24*** -0.24***

(0.05) (0.05) (0.05) (0.05)
Change in 2021 -0.23*** -0.23*** -0.24*** -0.23***

(0.05) (0.05) (0.05) (0.05)
N 2272 2272 2272 2272
R2 0.69 0.69 0.69 0.70
Sample 2017-2021
COVID-19 -0.18*** -0.17*** -0.17*** -0.17***

(0.05) (0.05) (0.05) (0.05)
Change in 2021 -0.12** -0.13** -0.12** -0.12**

(0.06) (0.06) (0.06) (0.06)
N 4626 4626 4626 4626
R2 0.62 0.62 0.63 0.63
Sample 2015-2021
COVID-19 -0.14*** -0.14*** -0.14*** -0.15***

(0.05) (0.05) (0.05) (0.05)
Change in 2021 -0.16*** -0.17*** -0.17*** -0.16***

(0.06) (0.06) (0.06) (0.06)
N 6668 6668 6668 6668
R2 0.59 0.59 0.60 0.60
School fixed effects Yes Yes Yes Yes
Time trend Yes Yes Yes Yes
Test version Yes Yes Yes Yes
School characteristics No Yes Yes Yes
Characteristics year 6 No No Yes Yes
Teachers No No No Yes

Note: Robust standard errors, clustered at school level, between brackets. All outcome variables
are standardized (mean 0, standard deviation 1) per test version. COVID-19 is a dummy variable
equal to 1 in the years 2020 and 2021, measuring the overall impact of COVID-19 on test scores.
‘Change in 2021’ is a dummy variable equal to 1 in 2021, measuring the change of standardized
test scores in 2021.

* p < 0.10, ** p < 0.05, *** p < 0.01
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Table B2: Main results: mathematics score (school level analysis)

Math score
Sample 2019-2021
COVID-19 -0.13** -0.10* -0.11* -0.11*

(0.06) (0.06) (0.06) (0.06)
Change in 2021 -0.06 -0.06 -0.06 -0.06

(0.06) (0.06) (0.06) (0.06)
N 2107 2107 2107 2107
R2 0.78 0.78 0.78 0.78
Sample 2017-2021
COVID-19 -0.11* -0.11* -0.11* -0.12*

(0.07) (0.07) (0.07) (0.07)
Change in 2021 -0.02 -0.03 -0.03 -0.03

(0.07) (0.07) (0.07) (0.07)
N 4456 4456 4456 4456
R2 0.70 0.70 0.71 0.71
Sample 2015-2021
COVID-19 -0.09 -0.09 -0.09 -0.10

(0.07) (0.07) (0.07) (0.07)
Change in 2021 -0.04 -0.05 -0.05 -0.05

(0.07) (0.07) (0.07) (0.07)
N 6504 6504 6504 6504
R2 0.66 0.66 0.67 0.67
School fixed effects Yes Yes Yes Yes
Time trend Yes Yes Yes Yes
Test version Yes Yes Yes Yes
School characteristics No Yes Yes Yes
Characteristics year 6 No No Yes Yes
Teachers No No No Yes

Note: Robust standard errors, clustered at school level, between brackets. All outcome variables
are standardized (mean 0, standard deviation 1) per test version. COVID-19 is a dummy variable
equal to 1 in the years 2020 and 2021, measuring the overall impact of COVID-19 on test scores.
‘Change in 2021’ is a dummy variable equal to 1 in 2021, measuring the change of standardized
test scores in 2021.

* p < 0.10, ** p < 0.05, *** p < 0.01
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Table B3: Main results: Science score (school level analysis)

Science score
Sample 2019-2021
COVID-19 -0.27*** -0.26*** -0.25*** -0.25***

(0.08) (0.08) (0.08) (0.08)
Change in 2021 0.05 0.04 0.04 0.04

(0.08) (0.08) (0.08) (0.08)
N 1190 1190 1190 1190
R2 0.76 0.76 0.77 0.77
Sample 2017-2021
COVID-19 -0.19** -0.17** -0.15* -0.15*

(0.08) (0.08) (0.08) (0.08)
Change in 2021 0.12 0.08 0.07 0.07

(0.08) (0.08) (0.08) (0.08)
N 2670 2670 2670 2670
R2 0.67 0.67 0.68 0.68
School fixed effects Yes Yes Yes Yes
Time trend Yes Yes Yes Yes
Test version Yes Yes Yes Yes
School characteristics No Yes Yes Yes
Characteristics year 6 No No Yes Yes
Teachers No No No Yes

Note: Robust standard errors, clustered at school level, between brackets. All outcome variables
are standardized (mean 0, standard deviation 1) per test version. COVID-19 is a dummy variable
equal to 1 in the years 2020 and 2021, measuring the overall impact of COVID-19 on test scores.
‘Change in 2021’ is a dummy variable equal to 1 in 2021, measuring the change of standardized
test scores in 2021.

* p < 0.10, ** p < 0.05, *** p < 0.01
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Table B4: Main results: Social Science score (school level analysis)

Social Science score
Sample 2019-2021
COVID-19 -0.11** -0.08 -0.08 -0.07

(0.05) (0.05) (0.05) (0.05)
Change in 2021 0.09 0.09 0.09 0.09

(0.06) (0.06) (0.06) (0.06)
N 1433 1433 1433 1433
R2 0.71 0.72 0.72 0.72
Sample 2017-2021
COVID-19 -0.11* -0.10 -0.09 -0.09

(0.06) (0.06) (0.06) (0.06)
Change in 2021 0.17** 0.16** 0.16** 0.16**

(0.07) (0.07) (0.07) (0.07)
N 2907 2907 2907 2907
R2 0.61 0.62 0.63 0.63
School fixed effects Yes Yes Yes Yes
Time trend Yes Yes Yes Yes
Test version Yes Yes Yes Yes
School characteristics No Yes Yes Yes
Characteristics year 6 No No Yes Yes
Teachers No No No Yes

Note: Robust standard errors, clustered at school level, between brackets. All outcome variables
are standardized (mean 0, standard deviation 1) per test version. COVID-19 is a dummy variable
equal to 1 in the years 2020 and 2021, measuring the overall impact of COVID-19 on test scores.
‘Change in 2021’ is a dummy variable equal to 1 in 2021, measuring the change of standardized
test scores in 2021.

* p < 0.10, ** p < 0.05, *** p < 0.01
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Table B5: Main results: French score (school level analysis)

French score
Sample 2019-2021
COVID-19 -0.26*** -0.25*** -0.25*** -0.24***

(0.04) (0.04) (0.04) (0.04)
Change in 2021 -0.07* -0.08* -0.08* -0.08*

(0.04) (0.04) (0.04) (0.04)
N 2003 2003 2003 2003
R2 0.78 0.78 0.78 0.78
School fixed effects Yes Yes Yes Yes
School characteristics No Yes Yes Yes
Characteristics year 6 No No Yes Yes
Teachers No No No Yes

Note: Robust standard errors, clustered at school level, between brackets. All outcome variables
are standardized (mean 0, standard deviation 1) per test version. COVID-19 is a dummy variable
equal to 1 in the years 2020 and 2021, measuring the overall impact of COVID-19 on test scores.
‘Change in 2021’ is a dummy variable equal to 1 in 2021, measuring the change of standardized
test scores in 2021.

* p < 0.10, ** p < 0.05, *** p < 0.01
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Table B6: Differences among subjects, p-values

Sample 2017-2021 Dutch Math Science
Math COVID-19 0.01***

Change in 2021 0.00***
Science COVID-19 0.00*** 0.09*

Change in 2021 0.00*** 0.10
Social Science COVID-19 0.00*** 0.00*** 0.48

Change in 2021 0.00*** 0.00*** 0.18

The difference among coefficients are based on the school level data.

* p < 0.10, ** p < 0.05, *** p < 0.01

Table B7: Differences between school and student level results, p-values

Sample 2017-2021 Dutch Math Science Social Science
COVID-19 0.02*** 0.10* 0.52 0.52
Change in 2021 0.00*** 0.15 0.79 0.90

* p < 0.10, ** p < 0.05, *** p < 0.01

Table B8: Differences between results from different samples, p-values

Sample 2019-2021 vs 2017-2021 Dutch Math Science Social Science
COVID-19 0.03** 0.28 0.68 0.57
Change in 2021 0.02** 0.23 0.37 0.55
Sample 2017-2021 vs 2015-2021
COVID-19 0.03** 0.72
Change in 2021 0.02** 0.51

The difference among coefficients are based on the school level data.

* p < 0.10, ** p < 0.05, *** p < 0.01
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Figure B1: Distribution of scores 2019-2021
Note: Comparison of the density plots of the scores across the years 2019-2021 for each subject (same

test). While the density plot is similar across the three years, the distributions of scores in 2020
compared to 2019, and in 2021 compared to 2020, are slightly more skewed to the left in most subjects,

showing a gradually smaller mean score among participating schools.
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Figure B2: Distribution of scores before linear equating
Note: Comparison of the distribution of the scores for test version 2020 and the new test version
2021, both taken at the end of the academic year 2020/2021. Test version 2020 was administered

to 64% of participating schools in order to allow for subsequent equating of scores from test
version 2021. While both distribution are negatively skewed, a lower mean score among schools

administering the test version 2020 can be observed.
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Student level data
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Figure B3: Marginal effects by socioeconomic composition of schools’ population
Note: Marginal effects of ’change-in-2021’ dummy, as estimated by a school fixed effect regression
(solid lines) in regression model (1). 95% confidence intervals around the estimates (dashed lines).

Estimates for the 2017-2021 sample at pupil level.
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Figure B4: Marginal effects by the share of low-educated mothers in the school population
Note: Marginal effects of ’change-in-2021’ dummy ran separately for schools in postcode areas

with and without a summer school. Estimated by a school fixed effect regression (solid lines) in
regression model (1). 95% confidence intervals around the estimates (dashed lines). Estimates for

the 2017-2021 sample at school level.
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