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Abstract: Using six TIMSS cycles (2003–2023), UNESCO school-closure data, and World 

Bank GDP indicators, we estimate deviation-from-trend and continuous-treatment Difference-

in-Differences models for mathematics achievement, liking learning mathematics, 

and confidence in mathematics. Mathematics achievement declined substantially relative 

to pre-pandemic trends, but closure duration did not consistently explain cross-national 

variation in achievement losses. Unexpectedly, longer closures were associated with slightly 

higher liking learning mathematics, particularly among Grade 4 students in higher-GDP 

countries, while confidence in mathematics remained largely unchanged. These findings 

suggest a decoupling of cognitive and affective outcomes during the pandemic and indicate 

that school-closure duration alone is an insufficient measure of educational harm. Comparative 

evaluations of pandemic education policies should therefore incorporate indicators of 

instructional continuity, remote-learning quality, and recovery efforts alongside formal school-

closure measures. 

 

Keywords: Mathematics achievement, non-cognitive factors, distance learning, school 

closures, TIMSS, math anxiety, self-efficacy 

 

JEL codes: I21, I24, C21, C23, C83 

 

   



1. Introduction 

When school systems worldwide closed in 2020, the cumulative duration of full school 

closures rapidly became the dominant cross-national indicator of pandemic disruption — used 

to rank policy responses, project learning losses, and motivate recovery spending (Betthäuser 

et al., 2023; Patrinos et al., 2023; UNESCO, 2021). The assumption underlying this metric is 

that longer school closures are associated with greater educational disruption and therefore 

worse educational outcomes. A substantial literature has documented post-pandemic declines 

in student achievement consistent with that view (Engzell et al., 2021; Jakubowski et al., 2025; 

Kuhfeld et al., 2020), particularly in mathematics (Betthäuser et al., 2023; Gajderowicz et al., 

2026; Di Pietro, 2023). Yet whether the data actually support the closure-duration assumption, 

especially beyond cognitive outcomes and outside the early-studied OECD sample, has rarely 

been tested directly. Considerably less is known, in particular, about whether pandemic 

disruptions reshaped students' broader relationship with mathematics, including their 

enjoyment of the subject and their confidence in learning it. 

Substantial declines in academic achievement appear especially pronounced in lower-

income settings (Dela Cruz et al., 2025; Jakubowski et al., 2025; Székely et al., 2024), where 

students often faced limited internet access, fewer educational resources outside school, and 

less supportive home-learning environments during remote instruction (Alexander et al., 2001; 

Lichand et al., 2021). At the same time, education systems differed markedly in their 

institutional capacity to respond to the pandemic (Kastorff & Heine, 2025; Reimers 

& Schleicher, 2020; Zancajo et al., 2022). While economically more developed systems 

generally adopted remote learning more rapidly, lower-income systems faced weaker digital 

infrastructure and greater pandemic vulnerability (Pejić Bach et al., 2023).  

Educational systems produce not only cognitive skills but also motivational and affective 

orientations toward learning. In mathematics education, factors such as confidence, self-

efficacy and intrinsic motivation are strongly associated with academic achievement (Bandura, 

1997; Lee, 2009; Marsh et al., 2005). These associations are comparable in magnitude to major 

socioeconomic predictors (Lee & Stankov, 2018), while remaining potentially more responsive 

to instructional practices and school-based interventions (Lee & Shute, 2010). 

If the pandemic disrupted classroom routines, relationships with teachers and peers, 

and students’ mastery experiences, theory would predict a deterioration in mathematics-related 

orientations alongside declines in achievement (Bandura, 1997; Kalogeropoulos et al., 2021). 
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Empirical evidence, however, remains mixed. Some studies report increases in mathematics 

anxiety and declines in motivation under remote instruction (Li et al., 2023; Lichand et al., 2021; 

Quintero Pena et al., 2025), whereas others find heterogeneous or even neutral patterns 

depending on instructional conditions and student characteristics (Doz & Doz, 2022). Still other 

studies highlight circumstances under which remote and self-paced learning formats supported, 

rather than undermined, student engagement (Edwards & Rule, 2013; Hwang et al., 2021). 

Much of this evidence, however, relies on small or context-specific samples, limiting broader 

comparative inference. Whether school closures systematically weakened — or in some 

contexts strengthened — students’ relationship with mathematics, a subject central to post-

pandemic recovery policy, therefore remains an open question. 

This study addresses these gaps using six cycles of the Trends in International 

Mathematics and Science Study (TIMSS), spanning 2003–2023. TIMSS enables the evaluation 

of post-pandemic deviations from long-term pre-pandemic trajectories using harmonized 

measures repeatedly collected across countries and two grade levels. The widespread use of 

simple cross-national indicators reflects a broader trend in comparative education policy toward 

standardized and easily comparable measures of educational performance and disruption 

(Addey et al., 2017). We also combine TIMSS data with UNESCO indicators of school-closure 

duration (UNESCO, 2021) and World Bank measures of GDP per capita to examine whether 

prolonged school closures were systematically associated with post-pandemic changes in 

mathematics achievement and mathematics-related non-cognitive outcomes across countries 

with different levels of economic development. 

This study contributes to comparative education policy research in three ways. First, 

it evaluates whether closure duration is a robust predictor of post-pandemic outcomes 

accounting for long-term pre-pandemic trajectories. Second, it extends the literature on 

pandemic schooling beyond achievement by examining mathematics-related non-cognitive 

outcomes in a comparative perspective. Third, it examines heterogeneity by country economic 

context, addressing broader questions about how educational systems with different levels of 

economic resources respond to large-scale disruptions (Pejić Bach et al., 2023). 

Based on the existing literature, we formulate three expectations regarding our empirical 

analyses. First, drawing on evidence that educational losses during COVID-19 were 

substantially larger in lower-income countries due to limited access to digital infrastructure and 

inadequate learning environments (Lichand et al., 2021), we expect prolonged school closures 
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to be associated with larger declines in mathematics achievement in less economically 

developed contexts. Second, the effects of remote learning on students’ attitudes toward 

mathematics may have been heterogeneous. While reduced instructional interaction may have 

weakened engagement for some students, greater flexibility and self-paced learning 

environments may have benefited others (Edwards & Rule, 2013). Third, following Bandura’s 

(1997) social cognitive theory, we expect confidence in mathematics also to be sensitive to 

prolonged remote instruction because distance learning likely reduced opportunities for direct 

teacher support, classroom participation, and mastery experiences. 

2. Data and methods 

2.1. Data 

This study uses data from six cycles of the Trends in International Mathematics and 

Science Study (TIMSS), spanning 2003–2023. TIMSS is a repeated cross-national assessment 

of mathematics achievement conducted among Grade 4 and Grade 8 students using harmonized 

sampling procedures and internationally standardized assessment frameworks (von Davier et al., 

2024). Countries were included if they participated in both TIMSS 2019 and TIMSS 2023 and 

in at least two earlier cycles, allowing the estimation of pre-pandemic trajectories and placebo 

tests. The Grade 4 sample includes approximately 1 million student observations from 

37 countries, while the Grade 8 sample includes approximately 990,000 observations from 

29 countries. Country coverage is reported in Supplementary Appendix A.  

TIMSS uses a two-stage stratified sampling design in which schools are sampled first and 

classes are sampled within schools. In addition to achievement measures, TIMSS collects 

extensive contextual information from students, teachers, and principals regarding instructional 

environments and home educational resources. Because mathematics-related non-cognitive 

measures are available only from TIMSS 2011 onward, analyses of these outcomes rely on 

shorter pre-treatment periods and exclude a small number of countries with insufficient 

observations for placebo estimation (Grade 4: CYP and LVA; Grade 8: CYP, KWT, and ROU). 

To capture pandemic-related institutional disruption, TIMSS data are linked with 

UNESCO indicators of full school-closure duration and World Bank measures of GDP 

per capita. School-closure data cover the period from February 2020 through March 2022 

and record the cumulative duration of government-mandated full school closures. GDP per 

capita is measured in 2019 U.S. dollars and serves as an indicator of countries’ pre-pandemic 

level of economic development. 
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2.2. Measures 

Mathematics achievement. Mathematics achievement is measured using TIMSS 

plausible values, which represent multiple imputations of students' latent achievement 

and account for measurement uncertainty associated with large-scale assessments. The TIMSS 

mathematics framework defines achievement in relation to content domains and cross-cutting 

cognitive domains, with content domains covering number, measurement, and geometry, 

and data at the fourth grade and number, algebra, geometry and measurement, and data 

and probability at the eighth grade. TIMSS achievement scores are scaled using item response 

theory procedures and standardized to an international mean of 500 and standard deviation of 

100. 

Mathematics-related non-cognitive outcomes. Two TIMSS scales are used to capture 

students’ relationship with mathematics. The first, Students Like Learning Mathematics, 

measures students’ enjoyment of and engagement with mathematics learning. The second, 

Students Confident in Mathematics, captures students’ perceived competence and mathematics 

self-confidence. Both scales are standardized to an international mean of 10 and a standard 

deviation of 2. 

These outcomes are theoretically relevant because motivational orientations toward 

mathematics are strongly associated with academic achievement and educational participation 

(Eccles & Wigfield, 2002; Marsh & Martin, 2011). Unlike structural socioeconomic conditions, 

they are also considered comparatively malleable through instructional practices and learning 

environments (Lee & Shute, 2010). 

School-closure duration. The main explanatory variable is the cumulative duration of 

full school closures, measured in weeks using UNESCO data. Globally, schools remained fully 

closed for an average of approximately five months (20 weeks), whereas closure durations in 

the analysed TIMSS samples were shorter, averaging between 16 and 18 weeks (Table 1). 
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Table 1. Descriptive Statistics for Full School Closure Duration and GDP per Capita Across 

Analytical Samples 

Panel A. Full School Closure Duration (weeks) 

Sample P25 Median P75 Mean SD N countries 

UNESCO 10 16 27 20 15 210 

TIMSS Grade 4 8 13 20 16 13 37 

TIMSS Grade 8 8 15 22 18 15 29 

Panel B. GDP per Capita in 2019 (USD) 

Sample P25 Median P75 Mean SD N countries 

UNESCO 2,190 6,582 20,584 17,735 27,104 198 

TIMSS Grade 4 17,013 29,703 48,358 33,149 21,882 37 

TIMSS Grade 8 10,920 29,567 44,251 30,087 21,741 29 

Note: GDP values are reported in current U.S. dollars. P25 = 25th percentile; P75 = 75th percentile; SD = 

standard deviation. 

Country development status. To examine cross-national heterogeneity, countries are 

classified into lower- and higher-GDP groups based on median GDP per capita within each 

analytical sample in 2019 (Figure 1).  

To assess the sensitivity of the results to the choice of threshold, supplementary analyses 

additionally used alternative GDP classifications based on the 40th and 60th percentiles of the 

2019 GDP-per-capita distribution. The overall pattern of findings was substantively unchanged 

(see Suplementary Appendix E).  

Kuwait represents an extreme case of prolonged closure duration and therefore constitutes 

a potentially influential observation. The country is retained in the main analyses because it 

reflects a substantive policy response rather than a measurement anomaly. Additional 

robustness checks, excluding Kuwait and capping treatment intensity, are reported in 

Supplementary Appendix F. 
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Figure 1. GDP per Capita and Duration of Full School Closures in TIMSS Samples. 

 

Individual-level controls. All models include student gender, age, and home educational 

resources. The latter is represented either by number of books in models concerning 

mathematics or by a TIMSS composite measure based on, among others, the number of books 

at home, own room and internet connection (von Davier et al., 2024).  

Descriptive statistics are broadly comparable across grade levels; however, the home 

educational resources variable contains substantial missing data, particularly in the Grade 4 

sample (Table 2). Missing values are addressed using multiple imputation by chained equations 
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(Bouhlila & Sellaouti, 2013; van Buuren et al., 1999), with the imputation model additionally 

incorporating the five mathematics plausible values. 

Table 2. Descriptive Statistics for Individual-Level Variables 

Panel A. Grade 4 

Variable N Mean SD Min Max 

Gender (1=female) 1001074 1.51 0.50 1 2 

Age 999280 10.22 0.60 6 15 

Home resources for learning 578022 10.16 1.83 3.61 15.14 

Panel B. Grade 8 

Variable N Mean SD Min Max 

Gender (1=female) 982134 1.51 0.50 1 2 

Age 980068 14.29 0.80 9 20.33 

Home resources for learning  745961 10.18 1.82 4.23 14.02 

2.3. Methods 

The empirical strategy exploits cross-national variation in the duration of full school 

closures during the COVID-19 pandemic to examine whether countries with longer periods of 

closure experienced systematically different post-pandemic trajectories in mathematics 

achievement and mathematics-related non-cognitive outcomes. 

The first specification is a deviation-from-trend model. It serves two purposes. First, 

it estimates whether outcomes in 2023 deviated from country-specific pre-pandemic trends. 

Second, it examines whether these deviations varied systematically with the duration of school 

closures. This specification compares outcomes observed in 2023 with values projected from 

country-specific pre-pandemic trajectories (Jakubowski et al, 2025; Kennedy & Strietholt, 

2023):  

𝑌𝑖𝑐 = ∑𝑎𝑐 +∑𝛽𝑐 ∗ 𝑡𝑖𝑚𝑒 + 𝜌𝑃𝑂𝑆𝑇2023 + 𝜎𝑃𝑂𝑆𝑇2023 ∗ 𝑤𝑒𝑒𝑘𝑠𝑐 + 𝛾𝑋𝑖𝑐 + 𝜀𝑖𝑐 , 
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where α denotes country fixed effects, β captures country-specific pre-pandemic trends, and 

𝑃𝑂𝑆𝑇2023 is a binary indicator for the TIMSS 2023 cycle. In models that incorporate continuous 

treatment intensity, the post-period indicator is interacted with 𝑤𝑒𝑒𝑘𝑠𝑐, defined as the number 

of weeks during which schools were fully closed because of COVID-19 

The second specification is a continuous-treatment Difference-in-Differences (DiD) 

model in which treatment intensity is measured by the duration of school closures (Angrist and 

Pischke, 2008): 

𝑌𝑖𝑐𝑡 = 𝑎𝑐 +𝜆𝑡 + 𝛿 𝑤𝑒𝑒𝑘𝑠𝑐 ∗ 𝑃𝑂𝑆𝑇2023 + 𝛾𝑋𝑖𝑐𝑡 

+ 𝜀𝑖𝑐𝑡 ,                                                               

where 𝑤𝑒𝑒𝑘𝑠𝑐  measures closure duration in weeks and δ captures whether post-pandemic 

changes vary systematically with treatment intensity.  

Following Callaway et al. (2024), continuous-treatment DiD models involve two distinct 

identifying assumptions. The first concerns average treatment effects across treatment levels 

and relies on a generalized parallel trends assumption. The second concerns causal responses 

to additional treatment intensity and requires that marginal treatment effects are homogeneous 

across units. We assess the plausibility of the generalized parallel trends assumption 

by examining whether countries exposed to different levels of treatment intensity exhibited 

systematically different pre-pandemic trends (Angrist and Pischke, 2008).  

Nevertheless, there are substantial differences between countries with shorter and longer 

school closures, particularly with respect to GDP per capita (Figure 1). Such heterogeneity 

raises concerns about the assumption that an additional week of school closure has the same 

marginal effect across countries. Consequently, causal interpretations of treatment intensity 

should be made with caution (Callaway et al., 2024). As an additional diagnostic, all main 

specifications are re-estimated using a placebo treatment period between 2015 and 2019, 

excluding observations from 2023. Estimates that fail either the pre-trend diagnostic or the 

placebo test are interpreted as insufficient to support causal claims regarding the effects of 

school-closure duration. 

Following standard TIMSS procedures, all analyses were estimated separately for each 

plausible value and combined using Rubin’s multiple-imputation rules to account for both 

sampling variance and imputation variance (Little & Rubin, 1987; von Davier et al., 2024). 

Point estimates are computed using senate weights to ensure equal weighting of participating 
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countries rather than weighting estimates by national student population size. This approach 

aligns with the study’s comparative focus on cross-national variation in educational disruption 

rather than population-average effects across students. Standard errors are clustered 

at the country level to account for serial correlation within countries across assessment cycles. 

3. Results 

3.1. Post-pandemic deviations from trend 

We first compare post-pandemic outcomes with pre-pandemic trajectories and then assess 

whether cross-national variation in school-closure duration helps explain these patterns. Figure 

2 presents observed trends across TIMSS cycles for Grades 4 and 8 alongside predicted 2023 

counterfactual values derived from country-specific pre-pandemic linear trends. Comparing 

observed and predicted outcomes provides a descriptive assessment of the extent to which 2023 

outcomes deviated from historical trajectories. Counterfactual predictions are estimated using 

data from cycles prior to 2023, with standard errors clustered at the country level. Results are 

presented separately for all participating countries, countries with lower GDP per capita, and 

countries with higher GDP per capita. The visual patterns are consistent with the regression 

estimates reported in Supplementary Appendix B. 

Across both grades, mathematics achievement declined relative to pre-pandemic 

trajectories, with estimated deviations of approximately −0.09 standard deviations (SD) in 

Grade 4 and −0.18 SD in Grade 8.  These declines are consistent with prior evidence of 

substantial pandemic-related learning losses, particularly in mathematics (Bertoletti et al., 2023; 

Borgonovi & Ferrara, 2023; Wisenöcker et al., 2025). However, the magnitude of the decline 

varies across grades and country-income groups.      

In Grade 4, deviation-from-trend estimates indicate significant losses primarily in higher-

GDP countries (-0.14 SD), whereas losses in lower-GDP countries are negative but not 

statistically significant. One possible explanation is that higher-GDP countries experienced 

stronger pre-pandemic achievement growth, implying that a stabilization of outcomes after 

the pandemic would generate larger departures from projected trajectories. In Grade 8, 

achievement losses are substantial in both lower-GDP countries (-0.18 SD) and higher-GDP 

ones (-0.17 SD). The difference between the two groups is not statistically significant. 
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Figure 2. Observed 2023 Outcomes Relative to Predicted Pre-Pandemic Trends, by Grade and 

Country GDP Group. 

 

The pattern for mathematics-related non-cognitive outcomes differs from that observed 

for achievement. Students’ liking learning mathematics generally remained stable or improved 

relative to pre-pandemic trends, particularly in Grade 8, where positive deviations are 

statistically significant for all (+0.16 SD), lower-GDP (+0.18 SD) and higher-GDP (+0.14 SD) 

countries. Changes in students’ confidence in mathematics are smaller and less consistent. 

Although most estimates are positive, they do not reach statistical significance at p=0.05.  
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Taken together, these findings suggest a partial decoupling between cognitive and non-

cognitive outcomes: achievement declined relative to pre-prandemic trends, whereas 

mathematics-related attitudes and confidence either remained stable, or improved. 

3.2. School closure duration as a policy indicator 

The central policy question is whether the duration of full school closures explains cross-

national differences in post-pandemic educational and non-educational outcomes. Overall, 

the evidence suggests that closure duration is not a consistent predictor of cross-national 

variation in achievement losses (Table 3). First, effects for both specifications either are small 

and not statistically significant or fail placebo tests. Second, the generalized parallel trends 

assumption required for causal interpretation of continuous-treatment Difference-in-

Differences estimates is not met (see Supplementary Appendix D).  

Table 3. School-Closure Duration and Post-Pandemic Mathematics Outcomes: Main and 

Placebo Estimates 

Grade Model All countries Poorer countries Richer countries 

Grade 4 

DiD 0.624*** (0.185) 0.595 (0.414) 0.692*** (0.240) 

DiD Placebo 0.608** (0.243) 0.335 (0.462) 0.894*** (0.226) 

Trend -0.014 (0.276) 0.145 (0.576) -0.302 (0.268) 

Trend Placebo 0.292 (0.244) 0.276 (0.562) 0.184 (0.350) 

Grade 8 

DiD -0.106 (0.357) -0.436 (0.720) 0.336 (0.279) 

DiD Placebo 0.268 (0.203) 0.219 (0.405) 0.426 (0.261) 

Trend -0.264 (0.210) -0.200 (0.361) -0.413  (0.302) 

Trend Placebo 0.356 (0.292) 0.926  (0.598) -0.444  (0.418) 

Notes: * p<0.10, ** p<0.05, *** p<0.01. 

Only for Grade 4, the continuous-treatment DiD models suggest a positive association 

between school-closure duration and mathematics achievement. However, these estimates fail 

placebo tests and generalized PTA diagnostics. Taken together, findings provide little evidence 
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that the number of weeks schools were fully closed can, by itself, account for cross-national 

variation in post-pandemic mathematics achievement.  

A much more consistent closure-duration pattern concerns students’ liking learning 

mathematics, for which estimates from all specifications, together with 95% confidence 

intervals, are presented in Figure 3. In Grade 4, both the continuous-treatment DiD and 

deviation-from-trend models indicate a small positive association between weeks of school 

closure and liking learning mathematics, corresponding to approximately 0.003–0.004 SD per 

additional week. The association is most pronounced among higher-GDP countries (+0.005 SD). 

In Grade 8, the DiD estimates are generally positive but statistically insignificant, while 

the deviation-from-trend estimates are positive and significant for the full sample (+0.004 SD) 

and higher-GDP countries (+0.01 SD).  

Overall, the results suggest that countries experiencing longer periods of school closure 

tended to exhibit more favorable post-pandemic trajectories in students’ reported liking learning 

mathematics, with somewhat stronger evidence among younger students and in higher-GDP 

contexts. 

Evidence regarding students’ confidence in mathematics is more limited 

(see Supplementary Appendix C). In Grade 4, the continuous-treatment DiD estimates indicate 

a small negative association between school-closure duration and confidence (-0.006 SD) that 

reaches statistical significance only at the 10% level. In contrast, the deviation-from-trend 

specification yields positive and statistically significant estimates only for higher-GDP 

countries (+0.005 SD).  In Grade 8, DiD estimates are close to zero, whereas the deviation-

from-trend model similarly produces positive and statistically significant estimates for higher-

GDP countries (+0.017 SD). Although these results point to modest improvements 

in confidence relative to pre-pandemic trends among higher-GDP countries, the lack of 

consistency across specifications warrants cautious interpretation. 

Robustness checks using alternative GDP thresholds (see Supplementary Appendix E) 

support the general interpretation: the achievement and confidence results remain weak and 

inconsistent, while the estimates for liking mathematics are more stable, especially in higher-

GDP contexts. Additional robustness checks excluding Kuwait and capping treatment intensity 

at 50 weeks yield substantively similar conclusions (see Supplementary Appendix F). 
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Figure 3. Estimated Effects of Pandemic-Related School Closures on Students’ Liking 

Learning Mathematics 

  

4. Conclusions and Discussion 

This study examined whether COVID-19 school closures were associated with changes 

in mathematics achievement and two mathematics-related non-cognitive outcomes: students’ 
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liking learning mathematics and confidence in learning mathematics. Using six TIMSS cycles 

and two complementary modeling strategies, we identify three main findings. 

First, mathematics achievement declined substantially relative to pre-pandemic 

trajectories, but closure duration does not robustly explain these declines. This is an important 

policy finding. While recent cross-national TIMSS evidence has reported larger learning losses 

in countries experiencing longer school closures (Gajderowicz et al., 2026), our results suggest 

that these relationships become substantially weaker when analyses are restricted to countries 

with longer pre-treatment histories and are subjected to alternative specifications, placebo tests, 

and other validity checks. Much of the public debate treated the number of weeks of school 

closure as a direct measure of educational harm. Our results suggest that this indicator is 

insufficient in the cross-national TIMSS sample. Cross-national differences in institutional 

capacity, digital preparedness, instructional quality, and recovery policies likely mattered 

at least as much as the duration of full closure itself. 

Second, students’ liking learning mathematics did not decline alongside achievement. 

Instead, it generally remained stable or improved relative to pre-pandemic trends, particularly 

in Grade 8, where positive deviations were observed among all countries as well as among 

lower- and higher-GDP groups.  Moreover, longer school closures were associated with slightly 

higher levels of reported liking for learning mathematics, especially in Grade 4 and among 

higher-GDP countries. These effects suggest that pandemic schooling may have affected 

cognitive and affective outcomes differently. One possible explanation is that some students 

experienced remote or hybrid learning as less pressured and more self-paced, particularly in 

educational systems with stronger digital infrastructure and more supportive home-learning 

environments (Borba, 2021; Hwang et al., 2021). However, because TIMSS does not directly 

measure the quality of remote instruction, this mechanism should be treated as suggestive rather 

than conclusive. 

Third, confidence in mathematics shows less robust evidence of change. A mild positive 

association with additional weeks of school closure is observed for both higher-GDP countries 

in both grades, but this pattern is supported by only one modelling approach. Confidence in 

learning mathematics may depend more directly on mastery experiences, teacher feedback, 

classroom participation, and social reinforcement, all of which may have been harder to sustain 

during remote instruction (Bandura, 1997; Marsh & Martin, 2011). These findings suggest that 
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enjoyment of mathematics and confidence in mathematics should not be treated 

as interchangeable dimensions of student engagement. 

The results also point to developmental differences. Evidence for associations between 

school-closure duration and affective outcomes was stronger among younger students, whereas 

results for Grade 8 were generally weaker and less robust across specifications. At the same 

time, declines in mathematics achievement after the pandemic were substantially larger among 

older students. This pattern is consistent with research showing that mathematics interest, 

enjoyment, and perceived competence tend to decline across adolescence and are closely linked 

to achievement trajectories (Jacobs et al., 2002; Eccles & Wigfield, 2020). Younger students’ 

attitudes toward mathematics may therefore be more malleable and more responsive to changes 

in learning environments. 

Several limitations should guide interpretation. First, the analysis relies on country-level 

measures of full school-closure duration and therefore cannot capture within-country variation 

in reopening policies, hybrid instruction, remote-learning quality, teacher practices, 

or household access to digital resources (Alfano, 2022; Zancajo et al., 2022). Second, causal 

interpretations of closure duration are constrained by the assumptions underlying continuous-

treatment models, particularly the assumption of homogeneous marginal treatment effects 

across units (Callaway et al., 2024). Finally, TIMSS 2023 captures medium-term post-pandemic 

outcomes rather than immediate effects of school closures. 

The policy implication is not that school closures were harmless. Rather, the results 

caution against treating closure duration as a stand-alone measure of educational disruption. 

Future large-scale disruptions to schooling, whether caused by pandemics, environmental crises, 

or political instability, remain plausible policy challenges (Peiris, 2025). Evaluations of crisis-

related schooling policies should therefore combine closure indicators with measures 

of instructional continuity, remote-learning quality, access to digital resources, teacher support, 

compensatory policies, and recovery interventions. From a policy perspective, the quality 

of learning support available during school closures may matter more than the duration 

of closures itself (Angrist et al., 2022).
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Online Supplementary Materials 
 

Supplementary Appendix A. Country participation across TIMSS cycles, student sample sizes, 

GDP per capita, and duration of school closures. 

Country 

Grade 4 

cycles 

Grade 8 

cycles 

Grade 4 

N 

Grade 8 

N 

GDP per 

capita in 2019 

Weeks fully 

closed 

ARE 5–8 5–8 96573 89264 44251 18 

ARM 3–8  30537   4597 9 

AUS 3–8 3–8 31992 44256 54973 0 

BHR 5–8 3–8 19426 28880 27260 34 

CHL 5–8 3, 5–8 19052 27180 14496 14 

CYP 3, 6-8 3-4, 6–8 17344 16122 29703 13 

CZE 4–8  25529   24063 20 

DEU 4–8  21022   47624 14 

DNK 4–8  19609   59404 8 

ESP 5–8  31718   29787 10 

FIN 5–8  20186   48358 8 

GEO 4–8 4–8 21024 22277 4741 19 

HUN 3–8 3–8 27419 29230 17013 20 

IRL 5–8  18236   81810 22 

IRN 3–8 3–8 29916 33288 3831 22 

ISR  3–8   28615 44251 16 

ITA 3–8 3–8 25519 27388 33813 13 

JOR  3–8   39437 4170 44 

JPN 3–8 3–8 25887 26678 40416 3 

KAZ 4–8 5–8 24373 20092 9457 9 

KOR 5–8 3–8 17251 29835 31902 11 
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Country 

Grade 4 

cycles 

Grade 8 

cycles 

Grade 4 

N 

Grade 8 

N 

GDP per 

capita in 2019 

Weeks fully 

closed 

KWT 4–8 4, 6-8 20461 17500 31708 62 

LTU 3–8 3–8 25880 28983 19609 10 

LVA 3-4, 7–8  16375   17295 16 

MAR 3–8 3–8 36636 45227 3508 17 

MYS  3–8   42644 10920 42 

NLD 3–8  20940   53555 12 

NOR 3–8 3–8 25152 30236 76431 5 

NZL 3–8 3, 5–8 31108 27260 42779 8 

OMN 5–8 4–8 34398 38154 19180 8 

POL 5–8  19322   15875 26 

PRT 5–8  18249   23343 12 

QAT 4–8 4–8 27675 26681 66841 25 

ROU  3–5, 7-8   22041 12992 22 

SAU 5–8 3–8 19820 28203 29567 50 

SGP 3–8 3–8 37110 34156 65952 4 

SRB 5–8  17144   7756 28 

SVK 4–8  25387   19406 10 

SWE 4–8 3–8 22585 29794 51773 0 

TUR 5–8 4–8 22504 28326 9215 28 

USA 3–8 3–8 58189 55243 65228 0 

ZAF  3, 5–8   66204 6534 15 

Note. TIMSS cycles refer to the official TIMSS assessment numbering: Cycle 3 = 2003, Cycle 4 = 2007, Cycle 5 

= 2011, Cycle 6 = 2015, Cycle 7 = 2019, and Cycle 8 = 2023. “Grade 4 N” and “Grade 8 N” report the total 

number of student observations across all TIMSS cycles. 
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Supplementary Appendix B. Estimates of post-treatment effects.   

Grade Model All countries Poorer countries Richer countries 
Poorer − 

richer  

1. Mathematics 

Grade 4 

Main -8.899*** (3.257) -4.185 (4.888) -13.001*** (4.225) 0.172 

Placebo -5.211 (3.344) -0.695 (4.542) -8.723* (4.646) 0.217 

Grade 8 
Main -18.115*** (3.793) -19.235*** (5.696) -16.920*** (5.127) 0.763 

Placebo 0.930 (4.097) 6.777 (6.155) -5.462 (4.855) 0.118 

2. Students like learning mathematics 

Grade 4 
Main -0.018 (0.047) -0.067 (0.087) 0.028 (0.039) 0.317 

Placebo 0.032 (0.079) 0.050 (0.152) 0.015 (0.059) 0.826 

Grade 8 Main 0.314*** (0.046) 0.346*** (0.068) 0.277*** (0.063) 0.459 

Placebo 0.007 (0.055) 0.026 (0.099) -0.016 (0.039) 0.693 

3. Students confident in mathematics 

Grade 4 

Main 0.028 (0.053) -0.038 (0.091) 0.091* (0.054) 0.226 

Placebo 0.069 (0.057) 0.110 (0.095) 0.030 (0.069) 0.494 

Grade 8 
Main 0.046 (0.051) 0.009 (0.070) 0.089 (0.074) 0.431 

Placebo 0.021 (0.068) 0.019 (0.116) 0.022 (0.064) 0.981 

Notes: “Poorer − richer” reports the p-value for the difference between subgroup estimates. Placebo models use 

2019 as a fictitious treatment period. * p<0.10, ** p<0.05, *** p<0.01. 
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Supplementary Appendix C. DiD and Trend Estimates of Continuous School Closure Effects 

for Non-cognitive Factors. 

Grade Model All countries Poorer countries Richer countries 

1. Students like learning mathematics 

Grade 4 

DiD 0.008*** (0.003) 0.007 (0.006) 0.010*** (0.003) 

DiD Placebo 0.002 (0.003) 0.000 (0.007) 0.001 (0.002) 

Trend 0.005** (0.003) 0.010* (0.006) 0.005*** (0.002) 

Trend Placebo -0.001 (0.006) 0.013 (0.008) -0.010*** (0.003) 

Grade 8 

DiD 0.005 (0.005) 0.010 (0.006) 0.006 (0.006) 

DiD Placebo -0.000 (0.003) 0.006 (0.004) -0.010*** (0.003) 

Trend 0.008** (0.003) 0.005  (0.004) 0.019*** (0.005) 

Trend Placebo 0.007 (0.004) 0.009  (0.007) 0.001   (0.004) 

2. Students confident in mathematics 

Grade 4 

DiD -0.006* (0.003) -0.007 (0.006) -0.003 (0.002) 

DiD Placebo -0.004 (0.004) 0.002 (0.006) -0.007*** (0.002) 

Trend -0.001 (0.005) -0.006 (0.009) 0.005** (0.003) 

Trend Placebo 0.002 (0.006) 0.010 (0.009) -0.004 (0.003) 

Grade 8 

DiD 0.001 (0.003) 0.001 (0.004) 0.008 (0.006) 

DiD Placebo 0.001 (0.002) 0.003 (0.003) -0.006 (0.004) 

Trend 0.003 (0.003) 0.002  (0.004) 0.017** (0.007) 

Trend Placebo 0.009 (0.006) 0.015* (0.008) 0.002   (0.007) 

Notes: Treatment is continuous and measured as weeks of full school closure. The “DiD” model estimates 

Difference-in-Differences effects, while the “Trend” model estimates deviations from country-level trends. Placebo 

models use 2019 as a fictitious treatment period. * p < 0.10, ** p < 0.05, *** p < 0.01. 
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Supplementary Appendix D. Parallel-trends tests for continuous-treatment DiD. 

Grade Model Group N PTA p-value 

1. Mathematics 

Grade 4 

DiD All countries 740207 0.001*** 

DiD Poorer countries 321602 0.011** 

DiD Richer countries 418605 0.000*** 

DiD placebo All countries 544556 0.197 

DiD placebo Poorer countries 235157 0.007*** 

DiD placebo Richer countries 309399 0.001*** 

Grade 8 

DiD All countries 776514 0.007*** 

DiD Poorer countries 398595 0.020** 

DiD Richer countries 377919 0.008*** 

DiD placebo All countries 569294 0.070* 

DiD placebo Poorer countries 293240 0.035** 

DiD placebo Richer countries 276054 0.001*** 

2. Students like learning mathematics  

Grade 4 

DiD All countries 567494 0.773 

DiD Poorer countries 257477 0.287 

DiD Richer countries 310017 0.004*** 

DiD placebo All countries 378207 0.641 

DiD placebo Poorer countries 174789 0.181 

DiD placebo Richer countries 203418 0.001*** 

Grade 8 

DiD All countries 536464 0.030** 

DiD Poorer countries 282759 0.379 

DiD Richer countries 253705 0.033** 

DiD placebo All countries 343177 0.009*** 

DiD placebo Poorer countries 182707 0.415 

DiD placebo Richer countries 160470 0.038** 
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Grade Model Group N PTA p-value 

3. Students confident in mathematics 

Grade 4 

DiD All countries 566239 0.300 

DiD Poorer countries 256615 0.484 

DiD Richer countries 309624 0.003*** 

DiD placebo All countries 377680 0.216 

DiD placebo Poorer countries 174345 0.301 

DiD placebo Richer countries 203335 0.340 

Grade 8 

DiD All countries 535226 0.276 

DiD Poorer countries 282179 0.212 

DiD Richer countries 253047 0.312 

DiD placebo All countries 342672 0.120 

DiD placebo Poorer countries 182463 0.096* 

DiD placebo Richer countries 160209 0.435 

Notes: The table reports p-values from generalized parallel-trends tests for the continuous-treatment difference-

in-differences (DiD) models. Statistical significance indicates that the parallel-trends assumption is violated.  

* p < 0.10, ** p < 0.05, *** p < 0.01. 
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Supplementary Appendix E. Robustness checks using alternative GDP per capita thresholds. 

Grade Model Poorer 40th Richer 40th Poorer 60th Richer 60th 

1. Mathematics 

Grade 4 

DiD 1.510* (0.836) 0.545*** (0.156) 0.614*** (0.213) 1.262 (0.784) 

DiD placebo 0.738 (0.863) 0.671*** (0.253) 0.608** (0.294) 1.379* (0.829) 

Trend 0.032 (0.796) -0.097 (0.312) -0.033 (0.321) -0.764 (0.901) 

Trend placebo -0.591 (1.097) 0.356 (0.238) 0.430* (0.230) -0.785 (0.985) 

Grade 8 

DiD -1.208 (0.971) 0.306 (0.199) -0.213 (0.474) 1.155 (0.810) 

DiD placebo -0.266 (0.585) 0.540** (0.249) 0.169 (0.270) 1.224* (0.734) 

Trend 0.227 (0.533) -0.454 (0.315) -0.134 (0.231) -1.372* (0.795) 

Trend placebo 2.143*** (0.473) -0.190 (0.193) 0.591 (0.454) -1.806** (0.821) 

2. Students like learning mathematics 

Grade 4 

DiD -0.007 (0.012) 0.010*** (0.002) 0.008** (0.003) 0.013 (0.009) 

DiD placebo -0.019* (0.010) 0.005* (0.003) 0.001 (0.003) 0.002 (0.004) 

Trend 0.019 (0.017) 0.004** (0.002) 0.008** (0.003) 0.005 (0.006) 

Trend placebo 0.006 (0.024) -0.002 (0.006) 0.003 (0.008) -0.016** (0.006) 

Grade 8 

DiD -0.003 (0.007) 0.013*** (0.003) 0.010 (0.006) 0.006 (0.006) 

DiD placebo -0.000 (0.006) 0.003 (0.003) 0.006 (0.004) 

-0.010*** 

(0.003) 

Trend -0.003 (0.006) 0.013*** (0.002) 0.005 (0.004) 

0.019*** 

(0.005) 

Trend placebo -0.002 (0.008) 0.011*** (0.003) 0.009 (0.007) 0.001 (0.004) 
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Grade Model Poorer 40th Richer 40th Poorer 60th Richer 60th 

3. Students confident in mathematics 

Grade 4 

DiD -0.005 (0.011) -0.006* (0.003) -0.006 (0.005) -0.004 (0.005) 

DiD placebo -0.016* (0.008) -0.001 (0.004) -0.002 (0.004) -0.011** (0.005) 

Trend 0.013 (0.019) -0.003 (0.006) -0.002 (0.007) 0.010 (0.007) 

Trend placebo -0.010 (0.018) 0.004 (0.006) 0.004 (0.007) -0.004 (0.010) 

Grade 8 

DiD -0.002 (0.007) 0.003 (0.003) 0.001 (0.004) 0.008 (0.006) 

DiD placebo -0.000 (0.004) 0.003 (0.003) 0.003 (0.003) -0.006 (0.004) 

Trend 0.000 (0.008) 0.004 (0.004) 0.002 (0.004) 0.017** (0.007) 

Trend placebo 0.005 (0.013) 0.014*** (0.004) 0.015* (0.008) 0.002 (0.007) 

Notes: The table presents robustness checks using alternative definitions of poorer and richer countries based on 

the 40th and 60th percentiles of GDP per capita.  The “DiD” model estimates Difference-in-Differences effects, 

while the “Trend” model estimates deviations from country-level trends. Placebo models use 2019 as a fictitious 

treatment period. * p < 0.10, ** p < 0.05, *** p < 0.01. 
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Supplementary Appendix F. Robustness checks by country income group: excluding Kuwait 

and capping school closure duration at 50 weeks. 

Grade Specification Model All countries 
Poorer 

countries 
Richer countries 

1. Mathematics 

Grade 

4 

Without KWT DiD 0.680** (0.305) 0.595 (0.414) 1.163 (0.804) 

Without KWT DiD placebo 0.495 (0.369) 0.335 (0.462) 1.299 (0.837) 

Without KWT Trend 0.105 (0.426) 0.145 (0.576) -0.729 (0.882) 

Without KWT Trend placebo 0.129 (0.431) 0.276 (0.562) -0.686 (0.968) 

Capped DiD 0.688*** (0.225) 0.595 (0.414) 0.863*** (0.312) 

Capped DiD placebo 0.639** (0.305) 0.335 (0.462) 1.095*** (0.294) 

Capped Trend 0.006 (0.327) 0.145 (0.576) -0.393 (0.365) 

Capped Trend placebo 0.292 (0.302) 0.276 (0.562) 0.146 (0.495) 

Grade 

8 

Without KWT DiD -0.213 (0.494) -0.436 (0.720) 1.150 (0.784) 

Without KWT DiD placebo 0.310 (0.285) 0.219 (0.405) 1.236* (0.688) 

Without KWT Trend -0.338 (0.290) -0.200 (0.361) -1.338* (0.780) 

Without KWT Trend placebo 0.490 (0.362) 0.926 (0.598) -1.779** (0.826) 

Capped DiD -0.136 (0.406) -0.436 (0.720) 0.463 (0.374) 

Capped DiD placebo 0.292 (0.232) 0.219 (0.405) 0.570* (0.341) 

Capped Trend -0.296 (0.237) -0.200 (0.361) -0.562 (0.397) 

Capped Trend placebo 0.404 (0.315) 0.926 (0.598) -0.628 (0.543) 

2. Students like learning mathematics 

Grade Without KWT DiD 0.007 (0.005) 0.007 (0.006) 0.013 (0.009) 
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Grade Specification Model All countries 
Poorer 

countries 
Richer countries 

4 Without KWT DiD placebo 0.002 (0.005) 0.000 (0.007) 0.002 (0.004) 

Without KWT Trend 0.005 (0.004) 0.010* (0.006) 0.005 (0.006) 

Without KWT Trend placebo 0.003 (0.008) 0.013 (0.008) -0.016** (0.007) 

Capped DiD 0.009** (0.004) 0.007 (0.006) 0.012*** (0.003) 

Capped DiD placebo 0.002 (0.003) 0.000 (0.007) 0.002 (0.002) 

Capped Trend 0.006* (0.003) 0.010* (0.006) 0.006*** (0.002) 

Capped Trend placebo -0.000 (0.007) 0.013 (0.008) -0.012*** (0.003) 

3. Students confident in mathematics 

Grade 

4 

Without KWT DiD -0.008** (0.004) -0.007 (0.006) -0.003 (0.006) 

Without KWT DiD placebo -0.002 (0.005) 0.002 (0.006) -0.011** (0.005) 

Without KWT Trend -0.004 (0.007) -0.006 (0.009) 0.011* (0.006) 

Without KWT Trend placebo 0.005 (0.008) 0.010 (0.009) -0.004 (0.010) 

Capped DiD -0.007** (0.003) -0.007 (0.006) -0.004 (0.003) 

Capped DiD placebo -0.003 (0.004) 0.002 (0.006) -0.009*** (0.002) 

Capped Trend -0.001 (0.006) -0.006 (0.009) 0.007** (0.003) 

Capped Trend placebo 0.003 (0.006) 0.010 (0.009) -0.004 (0.004) 

Notes: The table reports robustness checks for the main results under two alternative specifications: (1) excluding 

Kuwait (KWT), which experienced exceptionally long school closures, and (2) capping school closure duration at 

50 weeks to reduce the influence of Kuwait, which exceeds this threshold. Grade 8 non-cognitive outcomes are not 

reported because Kuwait is excluded from these analyses due to insufficient TIMSS cycle coverage. * p < 0.10,  

** p < 0.05, *** p < 0.01. 
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